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DOCUMENT PURPOSE 

Mayor John Cooper, the presiding Mayor of Nashville, has made developing a people-first transportation 
plan one of the top priorities of his administration. Mayor Cooper’s administration plans to invest in 
common sense solutions to manage and provide consistent travel times on Metro Nashville’s roadways. 
This includes implementing real-time active traffic management using smart and connected traffic signals 
to better serve traffic based on real-time detection and management of demand. Mayor Cooper plans to 
create a Nashville Department of Transportation to effectively execute an ambitious transportation 
demand management (TDM) program that is both resilient and sustainable. Implementation of these 
programs will elevate Nashville to a level in-line with or above its peers. The existing Nashville Mobility 
Management Center (NMMC) has very limited capabilities due to staffing shortages and obsolete signal 
infrastructure. Arcadis, with input from Neel-Schaffer, conducted a high-level assessment of the existing 
traffic signal infrastructure and communications network. This assessment will help determine what 
upgrades and operational strategies are needed to allow for a fully functioning NMMC including the 
additional staff required for proper operation and maintenance of the infrastructure. We examined Metro 
Nashville Public Works’ (MNPW) functional capabilities in comparison to nine peer transportation 
management agencies across the country to gauge current operations and identify recommendations for 
improvement. 

The assessment included the following steps: 

1. Peer agency identification and selection 

2. Functional requirements  
3. Concept of operations  

4. Maintenance program  
5. Interviews with peers and MNPW Staff 

6. Summarization of interview findings 

Peer MMCs interviewed included: 
 Georgia Department of Transportation – Regional Traffic Operations Program (RTOP) (Shahram 

Malek) 

 Cobb County, GA (Brook Martin) 

 City of Atlanta (Desmond Cole) 

 Charlotte, NC (Charles Abel) 

 Los Angeles, CA (Erik Zambon) 

 Utah DOT (Mark Taylor) 

 Anaheim, CA (John Thai) 

 Orlando, FL (Mark Tobin) 

 Denver, CO (Michael Finochio) 

The recommendations presented in this document may be used by MNPW as a roadmap that 
will allow for the implementation of a program to actively manage Nashville’s traffic.  
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METRO NASHVILLE TRAFFIC CONTROL ASSETS 

Metro Nashville Public Works (MNPW) operates and maintains traffic signals, reversible lane signals, and 
flashing beacons located throughout Davidson County, an area of approximately 526 square miles. These 
assets are outlined in the following text: 

Traffic Signals 

Metro is responsible for maintaining and operating 865 traffic signals located within Davidson County. 
These signals are located on both local and state routes within the county. The Tennessee Department of 
Transportation (TDOT) does not currently own or maintain any traffic signals in the state of Tennessee. 
TDOT provides funding for new signals or signal modifications on state routes but relies on the local 
agency to manage, operate, and maintain them once construction is complete.     

Flashing Beacons (School Flashers / Intersection Warning) 

MNPW signal staff are responsible for maintaining 440 flashing beacons. These beacons are located at 
school zones, unsignalized midblock pedestrian crossings, and fire halls. They also provide advance 
warning for intersection, curve, and speed reduction conditions. These devices require active periodic 
attention for proper operation, including equipment maintenance, updating the school zone clocks for 
changes in the school calendars, and replacing batteries in the solar powered units. 

Reversible Lane Signals 

MNPW signal staff are also responsible for operating and maintaining approximately 20 reversible lane 
signals located on James Robertson Pkwy and Hermitage Ave, near the central business district. These 
devices require periodic equipment maintenance for proper operation. MNPW also modifies the timing of 
the reversible lane signals for special events downtown.   

PEER REVIEW, TOOLS, AND TECHNOLOGIES 

Through the interviews Arcadis conducted with the selected peer agencies, valuable comparisons 
between Metro and its peers were drawn specifically relating to the staffing, technologies, and strategies 
used in operation, management, and maintenance of traffic assets. A summary of the interview findings 
along with the questionnaire used for the interviews are included in Appendix A and Appendix B of this 
document. 

MNPW signal staff must cover a geographic area of approximately 526 square miles, much of which is 
highly populated in a dense urban environment. Metro’s urban arterials are often congested, especially in 
the peak hours and during special events, which has similar attributes to Metro’s peers that were 
evaluated. To effectively manage their assets across this area, many peer agencies use remote 
monitoring and control to maximize their limited resources and enhance response times. 

Historically, funding has been lacking and inconsistent for MNPW traffic signal infrastructure maintenance 
and upgrades. The existing signal infrastructure has degraded due to insufficient staffing, sporadic and 
unreliable capital funding, and deferred maintenance. From 2016 to 2019, MNPW undertook a controller 
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upgrade project that upgraded nearly all signal controllers in the Metro area. Metro’s previous signal 
controllers were manufactured in the late 80s and early 90s and used an obsolete technology with limited 
capabilities. While the controller upgrade project was a huge leap forward for Metro Nashville, a majority 
of the existing signal infrastructure still requires significant capital improvements to be able to provide 
active traffic management and reliable operations and communication. The following example describes 
the majority of the existing traffic signals: 

The signal controller was recently replaced and is state-of-the-art. However, communication back 
to the NMMC is done via an unreliable and obsolete existing twisted pair copper signal 
interconnect cable that was installed 20+ years ago. The intersection lacks mainline vehicle 
detection and the existing side street and mainline left-turn vehicle detection loops are likely 
inoperable. The lack of mainline detection severely limits the type of signal operation modes that 
can be selected by MNPW leading to operational inefficiencies that result in excessive and 
unnecessary delays. The antiquated signal cabinet and signal heads are wired with non-standard 
and now obsolete single strand wire which can break over time, creating an electric short which 
usually results in the traffic signal going to flash mode, jeopardizing safety and reliability. The 
benefits MNPW received from replacing the controller, although valuable, are marginalized due to 
supporting infrastructure being obsolete.   

When Metro is compared to its peers in terms of signal equipment and communications, it falls short of 
where it needs to be. It is clear that if Metro is to achieve the desired active operation and management of 
its traffic signals, reliable communication, and signal upgrades such as detection and signal wiring are 
requirements that must be considered as essential to realizing this objective. 

NMMC CAPABILITIES IN MONITORING AND CONTROL 

Currently, MNPW can access most of their signal controllers via Centracs, a central signal system 
software provided by Econolite, the signal controller manufacturer. Communication to the signals is 
provided via a combination of twisted pair copper interconnect, cell modems, DSLs, and some fiber optic 
trunk lines. Due to its age, the majority of the twisted pair copper interconnect communication network is 
unreliable. The twisted pair copper interconnect is up to 40 years old in some locations and has degraded 
over time. In addition, some of MNPW’s communication issues can be traced to communication lines that 
were damaged during numerous construction projects, a byproduct of Nashville’s tremendous growth in 
the last 20 years. The existing NMMC consists of a desktop computer and a flat screen TV located in 
MNPW’s signal shop. It is currently used for monitoring the status of the signal controllers via Centracs. It 
is used as a resource for trouble shooting signal equipment malfunctions and investigating citizen 
complaints. Metro currently has no functional closed-circuit television (CCTV) cameras capable of 
monitoring traffic operations that are communicating back to the NMMC. In comparison to its peers, Metro 
has the lowest percentage of active functional CCTV cameras for the purposes of monitoring.  

For the NMMC to be fully functioning, it should be located in a dedicated room with the proper equipment. 
This includes reliable communication to the existing roadside infrastructure, video display walls, 
computing hardware, and the installation of new infrastructure along major corridors. This should include 
CCTV cameras and detection upgrades at major intersections to allow field monitoring. MNPW will need 
to hire additional staff to operate the NMMC because they currently do not have the available resources. 
The existing NMMC’s deficiencies prevent full time monitoring and control of their signal systems and the 
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use of more advanced control strategies. These strategies include traffic responsive and adaptive 
operation to monitor and effectively manage Nashville’s ever-increasing traffic volumes, special events, 
and the demand that such growth is placing on Metro’s transportation facilities.  

WORKFORCE AND STAFFING COMPARISON 

It appears that the MNPW Traffic Signal staff responsible for the day-to-day maintenance of these assets 
are considerably understaffed compared to their peers. Metro’s single Traffic Engineer is responsible for 
more than 865 signals versus the desired industry average of 75-100 signals per engineer, as 
recommended by ITE and FHWA. To effectively manage traffic congestion, Metro Nashville should have 
between five (5) and ten (10) full-time traffic engineers. With regard to traffic signal technicians, for 
system operations and maintenance roles, the rule of thumb is one signal technician for every 40-50 
traffic signals (see chapter 8 section 8.4 staffing needs of this FHWA document: 
http://www.ops.fhwa.dot.gov/publications/fhwahop08024/chapter8.htm). 

Metro Nashville’s traffic signal maintenance staff currently consists of 14 technicians, 1 tech specialist, 
and one superintendent that are responsible for the maintenance of Metro Nashville’s traffic signals, 
flashing beacons, and reversible lane controllers. With 865 signals to maintain, MNPW should have 
approximately 17 to 22 signal technicians to properly maintain their traffic signals. This estimate does not 
include the maintenance of Nashville’s 440 flashing beacons or 20 reversible lane controllers. Additional 
staff will need to be allocated to maintain these assets. Due to the record low unemployment in Nashville, 
it has been difficult for Metro to retain experienced staff who can command a higher salary working in the 
private sector. Replacement staff are less experienced and have limited to no knowledge of traffic signal 
standards, electronics, the interworking of an advanced traffic control system, and a sophisticated fiber 
and wireless communication system. Some of these positions may require a background or working 
knowledge of information technology (IT) systems and systems architecture and/or in intelligent 
transportation systems (ITS) with continuous training and certifications to maintain capabilities and the 
industry standards of care and maintenance. It should be noted that Metro Nashville Information 
Technology Services (Metro ITS) maintains the enterprise communication network that provides 
connectivity to all departments in the Metro government including MNPW. When additional traffic assets 
are deployed, additional Metro staff will be required by both MNPW and Metro ITS. MNPW will require 
technical staff for supporting Intelligent Traffic System applications and hardware. Metro ITS will require 
additional staff for the maintenance and expansion on the Enterprise Network and fiber plant which 
includes transport for MNPW traffic data. 

STANDARD OPERATING PROCEDURES 

Part of this assessment included conducting a review and peer comparison of the standard operating 
procedures (SOPs) that are needed for planning, assigning, and performing the daily activities of a MMC 
and signals system. 

SOPs are a best practice because they document how various activities need to be performed based on 
the industry standard, agency preferences, and tested and proven processes that yield consistent results 
as personnel change. SOPs should be living and evolving documents that define required documentation 
to effectively maintain change control. This will ensure that the knowledge remains with Metro as staff 
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changes due to attrition, promotions, position changes, or voluntary and involuntary departures. Without 
established and regularly updated standards and proper documentation control, Metro will have no 
certainty that each time something fails, the implemented solution maintains the full integrity of the overall 
system. 

Based on the review, creation of SOPs or change management systems are needed. 

TRAFFIC CONTROL STRATEGIES 

Part of this assessment included analyzing the different types of traffic control strategies available and 
recommending improvements where needed. This assessment will cover the four main types of traffic 
control strategies including Time Based Coordination (TBC), Time of Day (TOD), Traffic Responsive, and 
Adaptive Signal Control Technology (ASCT). MNPW currently uses a combination of Time Based 
Coordination (TBC) and Time of Day (TOD) strategies to manage traffic in Metro Nashville. 

Time Based Coordination (TBC) 

Time Based Coordination is a traffic control strategy that uses a common time reference to achieve signal 
coordination. All signal controllers in the coordination group must use the same time reference point to 
achieve coordination with time-based coordination. Each controller references their offset to the same 
background cycle, a cycle of the same duration that starts at the same time for all controllers. This can be 
achieved by a master controller or central software transmitting a synchronization pulse or message to all 
controllers at a preset time, usually daily at midnight. The frequency of the pulses sent by the master or 
central software to the local controllers varies by controller manufacturer. If the communications link fails 
between the master or central software and the local controller, signal coordination will be lost. 

Modern signal controllers, like the controllers recently installed by MNPW, use TBC as the means of 
synchronizing the start of the background cycle in all controllers. Each signal controller uses a time-of-day 
clock to enable it to know the current time to the nearest second. The offset reference time is a specific 
time of the day, such as midnight that the controller considers the background cycle to have started. The 
signal controller can determine, at any time during the day, where it is in the background cycle by 
calculating the number of seconds since the offset reference time and dividing by the cycle length. The 
remainder is used to calculate when the current background cycle started. When the offset time is added 
to the background cycle zero point, the local cycle zero point can be determined.  

One advantage to TBC is that it works with a mix of signal controller types (manufacturer brands) and 
central software. However, it only works if the clocks in all controllers in the coordinated group are 
synchronized to the same time. As previously stated, MNPW recently upgraded all their signal controllers 
to the same type and manufacturer. The clocks in these controllers (like all other brands) tend to drift over 
time and need to be reset periodically. MNPW’s controllers are connected to a central software that 
resets the clock automatically. Metro Nashville uses several different methods to provide the connection 
back to the central software including twisted pair copper signal interconnect cable, cell modems, DSLs, 
and fiber optic signal interconnect cable. Unfortunately, the communications to the signal controllers using 
the copper twisted pair signal interconnect cable is unreliable due to the cable’s age, sensitivity to 
environmental conditions, and deteriorated condition. These signal controllers often have trouble 
communicating back to the central software and drop offline for periods of time. This leads to inefficient 
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operation (no coordination between signals) because the clocks are not being synched. This lack of 
synchronization is also a maintenance issue because signal staff are not able to check the status of the 
controllers remotely when they are offline. Additional information on traffic signal communications will be 
provided in a subsequent section. 

Time of Day (TOD) 

Another traffic control strategy is Time of Day operation. When operating in TOD operation, the timing 
plan for varying volume levels and directional preferences is selected based on the time of day, day of 
week, and week of year. The number of timing plans required is influenced by several factors but largely 
depends on the traffic variability throughout the year, week, and day. When operating in TOD operation, 
the signal controllers change timing plans based on a preprogrammed time of day plan. The day plan 
may be different for each day of the week or the same. Often there is one day plan for weekday traffic 
and one for weekend traffic. Depending upon the observed fluctuations in traffic patterns on the corridor, 
the traffic engineer may choose to program the time of day programming by weekday (Monday-
Thursday), Friday, Saturday, and Sunday. The week plan is typically the same all year, but it can be 
altered to accommodate seasonal traffic variations such as holiday traffic around a major retail area. If 
traffic patterns are very consistent, this is an effective form of traffic control. However, if traffic patterns 
change due to a special event such as a traffic incident, planned special event, or a holiday, the signal 
controllers are unable to change timing plans to respond to traffic fluctuations. This leads to inefficient 
operation when traffic patterns are abnormal (exceptionally light or heavier than normal). Over time, traffic 
volumes change and render fixed TOD signal timing plans less effective. FHWA recommends that traffic 
signal timing should be reviewed every three to five years and more often if there are significant changes 
in traffic volumes or roadways conditions. MNPW currently uses TOD operation for a majority of their 
signals. MNPW completed a county wide retiming study and controller upgrade project from 2016 to 
2019. Since a good portion of the plans were implemented in 2016, they will need to be updated soon. 
Due to Nashville’s unprecedented growth, volumes have increased significantly since 2016, so the signal 
timing plans have become less effective since their initial installation. Much of Nashville’s congestion 
involves commuter demand from adjacent counties. Improving capabilities and increasing resources to 
manage this demand, i.e. parallel and alternative corridors, is imperative to effectively manage changing 
traffic conditions. With TOD operation, when there is an incident on a parallel route and traffic patterns 
divert to avoid the incident, the signal controllers are unable to change plans to accommodate the 
increase in traffic volumes. For example, when there is a partial or full closure on I-40 due to an incident 
in west Nashville, motorists often divert to Charlotte Ave to avoid it. Since the signal controllers are 
operating in TOD operation, they are unable to react to the dramatic but temporary (depending upon the 
duration of the incident) shift in traffic patterns. 

Traffic Responsive 

Traffic responsive plan selection systems are one of the most efficient traffic control strategies because 
they select a coordination plan to match actual traffic conditions. Realtime field data from the system 
detectors allow traffic responsive algorithms to select a preconfigured signal timing plan from a library of 
plans. The current timing plan must have been operating for a minimum amount of time before a new plan 
can be implemented, and the new timing plan must typically be a certain percentage improvement over 
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the currently running plan. These thresholds can be field adjusted for each corridor to ensure optimal 
efficiency. If the system determines a different plan is necessary, the signals in the group are directed to 
begin using the new plan at the same time in order to ensure that coordination is reestablished promptly. 

Most traffic signal systems allow traffic responsive plan selection to be implemented on a time-of-day 
basis. Typically, the schedule includes a baseline plan that is initiated during a corresponding time-of-day 
period. If vehicle detection data reveals that the scheduled plan is responding inefficiently to the observed 
traffic patterns, the system switches the scheduled plan to a more suitable alternative. Traffic responsive 
operation can be directed manually or scheduled as a special event override of the normal time-of-day 
schedule. 

To provide optimal traffic responsive operation, signal timing plans for traffic responsive systems should 
be configured to cover a wide range of field scenarios. Each plan must be programed into the controllers 
prior to field operation, and then fine-tuned for the field conditions they are meant to serve. It is not 
necessary to have a comprehensive set of timing plans for traffic responsive systems to operate. 
However, if the system has numerous plans to choose from, the likelihood of the system being able to 
select a plan that matches the actual field conditions dramatically increases, making traffic responsive 
operation a highly effective solution. It is also important to note that traffic responsive plan selection 
systems do not calculate new plans (or patterns) on their own, such as the case in adaptive control. 

None of the signals in Metro Nashville’s control currently operate traffic responsive operation, though the 
signal controllers are capable of operating in this mode. Since most of the corridors were retimed 
between 2016 and 2019, there is already a “library” of recent plans for the controller to choose from. 
Although additional plans will likely be needed to provide optimal traffic responsive operation. 
Unfortunately, a significant existing limitation and barrier to implementing traffic responsive operation is 
Metro Nashville’s lack of mainline vehicle detection and reliable system communication. 

Adaptive Signal Control Technology (ASCT) 

Another traffic control strategy is Adaptive Signal Control Technology systems. ASCT systems use 
vehicle detection data and algorithms to adjust signal timing parameters to match current traffic 
conditions. The main difference between traffic responsive operation and ASCT systems is that adaptive 
systems do not have predetermined timing plans to select from. Instead, they adjust various timing 
parameters based on the actual traffic conditions. Limits for each parameter are set by the user as 
desired. These systems “learn” the traffic patterns over time and adjust to them as needed. In theory, 
ASCT’s continual adjustment of signal timing parameters provides incremental benefits over time-of-day 
plans. However, if a signal system running traffic responsive is equipped with a large library of plans to 
address highly variable conditions, the benefits of operating ASCT instead of traffic responsive are 
minimal. Over time, traffic volumes change and render fixed signal timing plans less effective. ASCT 
systems are most beneficial for corridors with highly variable traffic volumes and non-saturated traffic 
conditions. When an adaptive system detects saturated conditions, it reverts back to operating the 
preprogrammed timing plans in the signal controllers. Most of the corridors in Metro Nashville routinely 
experience saturated conditions during the peak hours, making them nonideal candidates for adaptive 
signal operation.  
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Additionally, ASCT systems are very complex and require constant supervision and greater levels of 
maintenance when compared to traditional signal systems. Upon the installation of an adaptive system, 
agencies must hire additional trained staff or allocate existing staff and train them to maintain the system. 
Highly skilled staff are essential to keeping adaptive systems working at a high level of performance.  

ASCT systems also require extensive vehicle detection to gather the data needed for their extensive 
algorithms. The types of vehicle detection needed includes stop bar detectors, setback detectors, mid-
block detectors, and upstream detectors. Detection is needed for all phases and lane-by-lane which some 
detection units may not be capable of providing. Installing this level of detection requires a significant 
upfront capital cost and extensive ongoing maintenance to keep the system operating at optimal 
conditions. A robust communication network is also required for the system to communicate with the 
numerous detection units.   

While ASCT is beneficial in certain applications, there are many other dependable traffic control methods 
that improve traffic operations without the expense, complexity, and personnel requirements associated 
with ASCT. None of the signals in Metro’s control are currently running ASCT. The controllers that were 
replaced between 2016 and 2019 are capable of operating ASCT. As stated earlier, adaptive signal 
operation cannot be implemented until extensive detection upgrades are made, including stop bar, 
advance, mid-block, and upstream detectors, and reliable communication is installed to all field devices. 
Metro would need to hire additional staff to maintain any adaptive system because they are significantly 
understaffed.  ASCT systems are most beneficial for corridors with highly variable traffic volumes and 
non-saturated traffic conditions. Most of the corridors in Metro Nashville routinely experience saturated 
conditions during the peak hours making them non-ideal candidates for adaptive signal operation. 

COMMUNICATION STRATEGIES 

This assessment includes the types of communication strategies available to provide communication 
between field devices (signal controllers, CCTV cameras, etc) and the NMMC. Reliable communication 
between field devices and the NMMC is vital to enable signal coordination, monitoring of field equipment 
status, reporting of equipment malfunctions, providing transit signal priority, and support of traffic probe-
based incident detection equipment. MNPW’s current ITS infrastructure is limited to a number of directly 
connected signals and closed loop signal systems using cell modems or Digital Subscriber Lines (DSL) to 
provide communication back to the central system. The primary communications media between the 
directly connected signals is twisted pair copper cable; fiber optic cable is used at some locations. The 
copper twisted pair and fiber optic cables include both aerial and underground installations. The copper 
twisted pair has exceeded its service life but has not been replaced due to lack of capital funding. The 
existing communication network is a piecemeal system, with significant gaps, built over time using the 
limited staffing and capital improvement funding available.  

Twisted Pair Copper Communication Cable 

This form of communication is now antiquated and cannot transmit the bandwidth of data required for 
modern communication networks. It has been replaced by modern technologies such as fiber optic cable 
and cellular communications. Each pair of a twisted pair copper cable is made by putting two separate 
insulated wires together in a twisted pattern and running them parallel to each other, which helps to 
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reduce crosstalk or electromagnetic induction between pairs of wires. The cable may contain multiple 
pairs of wire depending upon the communication needs of the installation. 

MNPW’s existing traffic signal communication network is comprised of a single central system providing 
direct connections, as well as multiple closed loop systems around the perimeter of the county. This 
system is made up of multiple sections of 19-gauge pairs bundled in 6, 12, 25, and 50 pair cables. Data 
collected during the 2007 Metro Nashville ITS Communications Plan revealed that the existing 
communications network provides 100+ miles of coverage in Davidson County. Metro ITS has deployed 
Meraki cellular units to connect these isolated closed loop systems to Metro’s enterprise network. When 
the signal controllers were upgraded from 2016 to 2019, switches were installed in each cabinet with 
existing copper interconnect to allow for ethernet over copper communications. Most of the twisted pair 
copper interconnect communication network is unreliable due to its age. The twisted pair copper 
interconnect is up to 40 years old in some locations and has degraded over time. In addition, some of 
MNPW’s communication issues can be traced to communication lines that were damaged during 
numerous construction projects, a byproduct of Nashville’s tremendous growth in the last 20 years. Due 
to unreliable or missing grounding, copper twisted pair is prone to channeling lightning strikes, which 
typically result in damage to traffic signal electronics. 

Fiber Optic Communication Cable   

Single Mode Fiber Optic Cables are now the standard for modern communication networks because of 
the large amount of data they can transmit. Data is transmitted through a fiber optic cable by light pulses 
via its center glass core. The only limit to the bandwidth of data that can be transferred via fiber optic 
cable is the processing capabilities of the devices on either end of the cable. To support CCTV camera 
surveillance from a mobility management center, a direct fiber optic connection is beneficial because it 
can provide ample bandwidth to provide a quality video and responsive pan-tilt-zoom CCTV camera 
operation. Each camera can require substantial bandwidth and with multiple cameras on a single corridor, 
a direct fiber connection is the best form of communication to handle these data requirements.  

The initial capital cost to install new fiber optic lines is very expensive. The timeline from preliminary 
design of a fiber optic network to final construction is often several years. Permits must be acquired to 
aerially attach fiber optic cables to the electric utility provider’s poles. Most of MNPW’s existing twisted 
pair copper cables are attached aerially to Nashville Electric Service’s (NES) poles. Even though MNPW 
already has existing pole attachments on most arterial routes within Davidson County, NES now treats all 
cable installations as new attachments. Therefore, MNPW must bring the existing pole up to current NES 
standards before additional lines can be attached. Previously, MNPW was permitted to replace existing 
communication lines by reusing their existing pole attachments without having to go through the NES pole 
make-ready process. The NES pole make-ready process is cumbersome and expensive, further hindering 
the timeline for installation of new fiber optic lines. Also, permits and agreements must be acquired to 
cross railroad rights-of-way and jurisdictional boundaries (aerially or underground), which require 
substantial time and effort. However, once the fiber is installed, the annual operating and maintenance 
cost of the system is relatively low when compared to cellular communications. A dedicated fiber network 
can also be shared between multiple city departments which can help spread the capital costs between 
multiple funding sources. A fiber optic network is more secure than a cellular communication network. 
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4G/5G Cellular Communications 

MNPW currently has over 250 cell modems deployed in the field to provide communications between 
their signal controllers and their central monitoring software, Centracs. Some cell modems provide 
communication to a single signal controller, while others provide communication to a closed loop system 
with up to 15 interconnected signal controllers. The signals in the closed loop system are connected via 
antiquated twisted copper pair, which is not reliable due to its age and deteriorated condition. 
Communication is reliable to the location where the cell modem is located, but it is inconsistent with 
controllers down the line due to poor propagation through the deteriorated cable. 

The initial capital costs to install cell modems are fairly low, especially when compared to initial capital 
costs required to install fiber optic cables. Cell modems can be installed in as little as a few hours, 
providing reliable communication almost instantly if cell coverage is available. However, cell modems 
require a monthly subscription that must be factored into yearly operating costs. These monthly fees will 
continue for the life of the device. Depending upon the data plan selected, yearly operating costs can be 
quite expensive, especially with 250+ cell modems. Additional cell modems would be needed to provide 
consistent communication to all signal controllers. Often it is easier for signal agencies to secure one-time 
grants for capital improvements than it is to obtain dedicated funding on a yearly basis for their operating 
budgets. If additional cell modems are installed, future budgets must allocate funding for the subscription 
fees. Cell modems cannot provide the bandwidth provided by direct fiber optic connection. CCTV camera 
operation can be supported via 4G cell modems, but only for sporadic use.       

MULTIMODAL CONSIDERATIONS 

When considering transportation management strategies for a diverse city like Nashville, the safety and 
operational performance for all roadway customers must be considered when allocating funding and 
setting transportation priorities. Multimodal considerations must include motorists, pedestrians, bicyclists, 
and slow-moving vehicles inside the downtown core such as scooters, golf carts, and pedal taverns. In 
recent years, capital funding for non-motorized modes (sidewalks and bikeways) has significantly 
outpaced spending for motorized vehicle operations. Without question, Nashville has a lot of ground to 
make up in sidewalk construction, but the lack of investment in the signal system has put our city behind 
in an area where technology has changed rapidly.  

A modern and resilient transportation management system will increase safety, travel time reliability, and 
operational performance for all transportation customers. Some examples include: 

 A traffic signal system with upgraded detection can be used to monitor bicycle and pedestrian 
usage, which leads to better planning and implementation of bicycle and pedestrian facilities 
where needed. 

 A more responsive signal system can facilitate additional pedestrian street crossings while 
minimizing delay to vehicles. 

 Effective traffic progression can maximize the capacity of an existing corridor. In some cases, this 
may allow for a reduction in street width that can then be returned to non-auto uses while 
maintaining or improving vehicle flow. 

 Monitoring major corridors can help set operational parameters aimed at keeping speeds at an 
appropriate level – a safety benefit for all transportation customers. 
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 Special bicycle signals can be used to provide dedicated intersection access for this vulnerable 
type of user. 

HIGH LEVEL CONCEPT OF OPERATIONS 

Field Assets 

Arcadis recommends a thorough and comprehensive inventory and evaluation of Metro Nashville’s traffic 
control, communications, and monitoring assets which MNPW is currently responsible for in Davidson 
County and other agencies in Davidson County such as the Cities of Berry Hill and Forest Hills. This 
inventory and evaluation is essential to systematically identify deficiencies and to assign priorities based 
on the severity of the need and its impact on achieving the program goals. A field inventory of Nashville’s 
field assets was completed in 2006-2007 for the planning of the Metro Nashville Public Works’ ITS 
Communication Plan. This plan was neither funded nor constructed. By using this field inventory report as 
a starting point, the time and resources required to complete the 2020 field inventory can be reduced.  

Once the current inventory is complete, Metro Nashville can associate a realistic dollar value with groups 
of deficiencies and develop an action plan to address the short-, mid-, and long-term needs and begin to 
develop projects and program them in the region’s transportation improvement program (TIP) for funding. 

NMMC Configuration 

The existing NMMC consists of a desktop computer and a flat screen TV located in MNPW’s signal shop. 
It is currently used for monitoring the status of the signal controllers via Centracs management software. 
This platform is used as a resource for trouble shooting signal equipment malfunctions and investigating 
citizen complaints. Metro currently has no functional CCTV cameras capable of monitoring traffic 
operations that are communicating back to the NMMC. When compared to its peers, Metro has the lowest 
percentage of active functional CCTV cameras for the purposes of monitoring.  

For the NMMC to be effective, it needs a dedicated space that can configured with proper electronics, 
workstations, and staffing to deliver the capabilities and functionality required to actively and best manage 
traffic operations, assets, and service delivery. A dedicated space was set aside at the Howard School 
building for the NMMC in 2007. That space has since been used by other departments since MNPW did 
not have the necessary funds nor staff to develop the envisioned NMMC. Metro department officials will 
need to decide how the space can be returned to MNPW or collocated. The MMC will need video, 
communication, and traffic control electronics and advanced traffic management system (ATMS) software 
in addition to workstations and conferencing facilities for use during normal operation and 
emergency/event management activities. Establishing reliable communication to the signal infrastructure 
along major corridors and significant equipment upgrades, including CCTV cameras and detection, will be 
key in the success and effectiveness of the new NMMC.  

Due to recent world events associated with the COVID-19 outbreak, the importance of remote operation 
capabilities of MMC’s has been amplified. The NMMC should be configured to allow for remote operation 
when needed. For a Mobility Management Center to be operated virtually, it must be supported with the 
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appropriate communication and IT infrastructure. If remote operation is considered when initially 
configuring the NMMC, Metro Nashville will be prepared for virtual operation should the need arise. 

NMMC Functionality 

The existing NMMC’s deficiencies and lack of detection prevents the implementation of more advanced 
control strategies, such as traffic responsive and adaptive operation to address the needs caused by the 
ever increasing traffic volumes and special events, as well as the impact that such growth is placing on 
Metro’s transportation facilities. As stated earlier, the NMMC needs substantial capital investments and 
additional staff to become an effective hub for managing Metro’s traffic control assets. Based on our 
review, interview with Metro’s traffic staff, and interviews with peer agencies, Arcadis found an immediate 
need to hire additional knowledgeable engineering staff who are properly trained, certified, have the 
expertise/ability to staff and operate a sophisticated system, and who can understand/interpret the data 
into information that leads to actions. Improvements in staffing and training would have a direct and 
positive impact on traffic operations and on the Metro’s mobility, safety, and environmental sustainability. 

Staffing 

Based on the findings of the peer review survey, MNPW is severely understaffed in all roles including 
traffic engineers, signal technicians, and communication specialists. Traffic engineers in the agencies 
surveyed are responsible for an average of 101 traffic signals. MNPW has one traffic engineer in charge 
of over 865 traffic signals. MNPW would need to hire eight (8) additional traffic engineers to match the 
average of the peer agencies surveyed.  

Each MNPW signal technician is responsible for 62 traffic signals while the average of local agencies 
surveyed is 49 traffic signals. MNPW would need to hire four (4) additional signal technicians to match the 
average of the agencies surveyed.  

MNPW will need to hire four (4) to nine (9) MMC operators to staff the NMMC. They currently do not have 
any staff dedicated to the MMC operation.  

Metro ITS will need to hire 1 to 3 ITS Engineers to manage the complex communication networks 
required for proper communications between field devices and the MMC. 

Due to current budget constraints, it is not presently realistic to assume that MNPW will be able to hire 
additional staff to meet the average of the peer agencies surveyed for each role. However, introduction of 
any additional staff could have a tremendous positive impact on MNPW’s ability to manage traffic and its 
assets.  

NMMC Control Strategies 

MNPW’s newly upgraded signal controllers and associated central software are capable of operating 
several traffic control strategies. MNPW currently uses a combination of TBC and TOD strategies to 
manage traffic in Metro Nashville. We recommend implementing traffic responsive operation so that the 
signal controllers are able to react to changes in traffic patterns. Since most of Nashville’s corridors were 
retimed between 2016 and 2019, there is already a “library” of plans for the controller to choose from 
although additional plans will likely be needed to provide optimal traffic responsive operation. Mainline 
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detection and reliable communication will need to be installed to implement traffic responsive operation. 
Once installed, system detection could be used to proactively detect changes in traffic patterns due to 
traffic incidents, road construction, and special events, and select the most suitable plan from the 
available library of plans. CCTV cameras could be used to confirm irregular events picked up by the 
system detection and allow operators to make timing adjustments as needed. Additionally, the remote 
monitoring through the systems and CCTV cameras will allow MNPW staff to more effectively and 
efficiently address malfunctions, citizen concerns, and dispatch of appropriate resources in addressing 
maintenance issues. 

Operational Practices 

The following are immediate and short-term recommendations regarding operational practices that have 
proven successful among peers. (Approximate cost: $ low to $$$$ high) 

 $ - Maintain logs and review of these daily logs to identify failure patterns. 

 Upgrade existing vehicle detection to all traffic control assets to manage the demand effectively 
and efficiently. 

o $ - Phase one - address all inoperable vehicle detection with radar detection. 
o $$ - Phase two - install mainline detection at critical intersections on key corridors. 
o $$ - Phase three - install system detection on vital corridors to allow volume and speed 

detection for implementation of traffic responsive operation. 
o $$ - Phase four - upgrade remaining intersections to non-intrusive detection for improved 

operations and maintainability. If the existing loops or video detection are working, they 
will not be replaced until they fail or reach the end of their service life.  

 $$ - Develop a consolidated communication plan using the current Metro ITS Master Fiber Plan 
and the Metro Nashville Public Works ITS Communication Plan developed in 2007.  

 Installation and maintenance of reliable communication to all traffic control assets within MNPW’s 
jurisdiction.  

o $$ - Phase one should be accomplished via cell modems. 
o $$$$ - Phase two is to design and install fiber optics plant. If facilitated by Metro ITS, the 

fiber can be designed as an expansion of their enterprise network benefiting several 
Metro Nashville departments, in addition to allowing access to multiple funding sources.  

 Upgrade traffic control assets that have reached the end of their service life.  
o $ - Phase one to replace equipment creating frequent maintenance or operational issues 

(replace signal cabinet, rewire intersection, etc). 
o $$$ - Phase two is upgrade/replace traffic assets that are beyond their expected service life 

(full signal build). 

 Installation and maintenance of traffic monitoring assets along all key corridors. 
o $ - CCTV cameras 
o $ - Travel time sensors 
o $$ - DSRC or C-V2X 

 $$$ - Design and full build-out of the NMMC at the Howard School Building location. 

 $ - Develop and document Standard Operating Procedures (SOPs). 
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Equipment Maintenance Practices 

MNPW currently performs preventive maintenance annually for each traffic signal under their control. 
Signal technicians on the night crew are responsible for preventive maintenance. They must inspect 
approximately 3.5 intersections per night to stay on schedule. This number is determined by dividing the 
total number of traffic signals (865) by 250 working days a year. The signal technicians on the night crew 
often get called out to fix equipment failures and signal knockdowns, making it difficult for them to adhere 
to their preventive maintenance schedule. We recommend dedicating signal technicians to solely 
performing preventive maintenance and establishing a program to formally document when maintenance 
was performed at each signal. The following are recommendations regarding maintenance practices that 
have proven successful among peers.  

 Establish a preventive maintenance program that follows similar practices established by the 
Georgia DOT Regional Traffic Operations Program (RTOP). This includes preventive 
maintenance of existing field equipment following the schedule included in Appendix C of this 
document. 

Collaboration with Other Agencies 

In recent years, there has been a great deal of collaboration between internal Metro Nashville 
departments, which has been financially and operationally beneficial. As previously stated, the initial 
capital costs to install fiber optic cables for communications are substantial. The cost of installing a trunk 
line with a larger fiber count is minimal when compared to a smaller cable. Most of the costs for a fiber 
project derive from utility make-ready and installation costs. MNPW could spread their capital 
improvement funds by teaming with other Metro agencies such as Metro ITS, Metro Nashville Police 
(MNPD), and Metro Nashville Fire to share a communications network that benefits all parties involved.  

MNPD has an extensive communications network, including CCTV cameras, that has been designed, 
installed, and maintained by Metro ITS. MNPW currently has an MOU with MNPD allowing MNPW to use 
MNPD’s cameras, limiting duplication of surveillance devices. Emergency services could also benefit from 
the CCTV cameras installed by MNPW to monitor traffic, providing them additional surveillance coverage. 
There is also potential for Metro emergency services staff and MMC operators to be collocated in the 
NMMC to allow coordinated responses between agencies when needed.  

There are opportunities for MNPW to collaborate with external agencies within Davidson County, 
including the Cities of Berry Hill and Forrest Hills. The traffic signals within these agencies’ jurisdictions 
are not under MNPW’s control. As Davidson County continues its exponential growth, the need to provide 
seamless traffic management on corridors crossing jurisdictional boundaries will increase. Coordination 
will also be beneficial with traffic agencies in neighboring counties. Much of the congestion in Nashville 
involves commuter demand from adjacent counties. By working with these agencies to manage traffic, the 
transportation network will operate seamlessly across the region. 
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RECOMMENDATIONS 

Staffing 

MNPW is severely understaffed when compared to its peers. Short term, there is a tremendous need to 
hire additional traffic engineers, signal technicians, and control center operations staff. Long term, 
additional signal timing engineers and ITS engineer(s) will be needed. It is highly recommended that the 
MNPW conduct a comprehensive review of its Traffic Engineering staffing plan, job descriptions, and 
position needs and requirements. Items that should be considered are: 

Type: Degreed engineers and trained technicians in intelligent transportation systems (ITS) and 
traffic 

Number: Distribution and number of staff required for the various activities, such as: 
o Design and consultant plan review 
o Timing and field operations 
o MMC operations 
o Maintenance 

 Traffic signals 

 Installation 

 Maintenance 

 Preventive maintenance 

 Flashing beacons (school and advance intersection warning) 

 Reversible lane controllers 

Licensure/Certification: Individuals shall be required to have significant experience in ITS and 
traffic signal hardware through professional engineering licensure/registration or engineer in 
training certification, or should have their International Municipal Signal Association (IMSA) 
certification in order to work on Metro traffic signals. 

Needs Assessment 

Arcadis recommends a thorough and comprehensive needs assessment, including full inventory to 
identify deficiencies and deferred maintenance. Along with the field inventory effort, a consolidated 
communication plan should be developed using the current Metro ITS Master fiber plan and the Metro 
Nashville Public Works ITS Communication plan created in 2007. Once these efforts have been 
completed, Metro Nashville can associate a realistic dollar value to address the infrastructure 
deficiencies, develop a plan to address the short-, mid-, and long-term needs, and begin to develop 
projects and program them in the region’s TIP for funding. 

Demonstration Project 

A demonstration project is proposed to kickstart the transformation of Metro Nashville’s traffic assets and 
traffic control strategies and serve as a model mobility management program. To garner support for initial 
and future transportation funding dollars, citizens and Metro Council Members must be able to see and 
experience the benefits of a truly “smart” corridor. After discussing potential project corridors with the 
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MNPW traffic staff, Charlotte Ave was selected for the demonstration project. Charlotte Ave is a prime 
candidate due to the availability of existing fiber along a portion of the route, condition of traffic assets, 
and its importance as a multimodal corridor. The limits of the project were tentatively selected to begin at 
7th Ave N and terminate at White Bridge Pike, which includes a total of 39 signalized intersections. The 
project will include mainline and system detection upgrades, travel time detection devices, DSRC/C-V2X 
units, CCTV cameras, fiber communication, and partial and full signal rebuilds as funding and schedules 
allow.   

Startup of NMMC 

Based on our review and interviews with MNPW traffic staff, several tasks must be completed before 
commencing the building and staffing of the NMMC. The NMMC will not be effective unless reliable 
communication to all field assets is in place. Field assets that are beyond their expected service life must 
be replaced to provide reliable operation. System detection and CCTV cameras must be installed on key 
corridors to allow for detection of changes in traffic patterns and for corridor surveillance. Once these 
tasks have been completed, a MMC layout analysis and design should be performed to ensure the 
NMMC is configured to meet the current and future needs of MNPW. Experienced traffic signal engineers 
must be hired that can staff and operate a sophisticated system, and who can understand/interpret the 
data into information that leads to actions. The completion of the NMMC is the final step of the framework 
needed to allow for a resilient mobility management program in Metro Nashville. The necessity for a 
complete traffic management facility is apparent today and its need to exist and expand will only increase 
as Metro Nashville continues to grow. 
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Program Estimated Capital Costs 

The values below are high-level planning estimates meant to serve as a menu for MNPW staff to develop 
future program capital budgets. The current needs will exceed funding for the foreseeable future. Staff 
must select from the menu of items to fund the highest priority needs based on the available budget for 
each year. Funding for both capital and operational programs should be increased in a balanced 
approach to allow for an effective mobility management program. The benefits of a huge influx of capital 
funding will be marginalized if additional staff are not available to manage the new assets. Similarly, hiring 
several new staff without any capital investment would not be an effective use of funds. 

Table 1. Example Three-Year Capital Budget 

Item Year 1 Year 2 Year 3 Total 

Full detection 
upgrade 

 $660,000   $990,000   $990,000   $2,640,000  

Partial Detection 
Up-grade 

 $500,000   $500,000   $500,000   $1,500,000  

Communication  $500,000   $650,000   $650,000   $1,800,000  

Mobility 
Management 
Center (MMC) 

 $1,500,000   $0   $0   $1,500,000  

Timing and Traffic 
Responsive 

 $600,000   $750,000   $750,000   $2,100,000  

CCTV cameras  $450,000   $450,000   $450,000   $1,350,000  

CAV and New 
Technology 

 $400,000   $400,000   $400,000   $1,200,000  

Intersection 
Rewiring 

 $1,000,000  $1,000,000 $1,000,000  $3,000,000  

Total  $5,610,000   $4,740,000   $4,740,000   $15,090,000  

 Full intersection detection upgrade – $30K x 22 intersections per year = $660K Year 1, 33 
intersections per year – Years 2 & 3 

 Partial detection upgrade – $20K x 25 intersections per year = $500K per year  

 Communications – $500k per node in Year 1, $650k Years 2 & 3 

 MMC – $1.5 million in Year 1 

 Timing development and TR implementation – $3K per intersection x 200 intersections per year = 
$600K, 250 intersections per year = $750K (Years 2 & 3)  

 CCTV installations – $6K per node x 75 locations per year = $450K  
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 Connected vehicle and new technology testing – $10K per location x 40 locations per year = 
$400K  

 Intersection rewiring – $50K per intersection x 20 intersections per year = $1 million 

Program Estimated Operational Costs 

The values below are high-level planning estimates meant to serve as a guide for MNPW staff when 
developing future program operational budgets. As stated above, funding for both capital and operational 
programs should be increased in a balanced approach to allow for an effective mobility management 
program. The benefits of a huge influx of capital funding will be marginalized if additional staff are not 
available to manage the new assets. Similarly, hiring several new staff without any capital investment 
would not be an effective use of funds. 

Table 2. Example Three-Year Operational Budget 

Item Year 1 Year 2 Year 3 Total 

Traffic Engineer $100,000  $200,000  $400,000  $700,000  

Signal Technician $100,000  $200,000  $250,000  $550,000  

MMC operator $0  $0  $350,000  $350,000  

Metro ITS 
Engineer 

$100,000  $200,000  $300,000  $600,000  

Cellular modem 
data plans 

$8,500  $17,000  $25,500  $51,000  

Equipment 
Software Licenses 

$50,000  $50,000  $75,000  $175,000  

Total $358,500  $667,000  $1,400,500  $2,426,000  

 Hire Traffic Engineer – $100K/year per engineer – Add one position Year 1, add additional 
position Year 2, add two additional positions Year 3  

 Hire Signal Technician – $50K/year per technician – Add two positions Year 1, add two additional 
positions Year 2, add one additional position Year 3  

 Hire MMC operator – $70K/year per operator – Add five positions in Year 3, assuming MMC is 
commissioned at that time  

 Hire ITS Engineer – $100K/year per engineer – Add one position Year 1, add additional position 
Year 2, add two additional positions Year 3 

 Modem Data plan – $34 per month – Install 250 cell modems per year – $8,500 per year 

 Equipment Software Licenses – $50k in Year 1, $50k in Year 2, and $75k in Year 3 
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ADDITIONAL DETAILS ON STAFF POSITIONS & ROLES 

MNPW will need a variety of staff positions and roles to adequately operate and maintain its traffic signal 
system. The number and roles of each position described below are based on information from similar 
peer agencies in addition to relevant Institute of Transportation Engineers (ITE) and Federal Highway 
Administration (FHWA) literature. 

Some of the positions and their respective roles include: 

 Traffic Signal Engineer: Responsible for the day-to-day operations of the signal system. Their 
tasks may include: 
o Responding to public comments 
o Approving new signal turn-ons 
o Assisting in the MMC 
o Evaluating signal timing on existing arterials 
o Managing signal operations staff 
o Coordinating with the signal design and maintenance supervisors 
o Advising NMMC operators on traffic signal operation strategies and active changes 

 Traffic Signal Technician/Analyst: Assists the Traffic Signal Engineer with their day-to-day 
operations. Focus areas include: 
o Signal timing 
o New signals 
o The MMC 

 Intelligent Transportation Systems (ITS) Engineer: Responsible for the implementation of ITS 
projects. Their tasks may include: 
o Responding to public comments 
o Evaluating new products 
o Assisting in the MMC 
o Managing ITS contractors and vendors 
o Coordinating with signal design and maintenance supervisors 

 Traffic Signal Maintenance Technician: Generally responsible for troubleshooting and 
maintenance of the physical traffic signal equipment. 

 Electronic Specialist: Responsible for the complex electronic equipment at the heart of the signal 
system. Their tasks may include: 
o Closed circuit television system repair, field and central system 
o Fiber optic cable system testing, repair, termination 
o Traffic control center systems maintenance and repair 
o Traffic signal controller electronics testing repair and inventory 
o Other ITS devices repair 

 MMC Operators: Responsible for observing the traffic conditions, responding to incidents that 
occur in the field, and providing support to emergency services and even working with police on 
security efforts. Their role is critical to the rapid response and resolution of the situation. 

 Public Relations Coordinator: Responsible for fielding communications with the public, 
coordinating with the Traffic Signal Engineer and Technician on responses, and marketing the 
MMC, incident management plan, and traffic signal operations to the public. Depending on 
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funding availability, this position could be a full-time position or these tasks might be passed on to 
the Traffic Signal Engineer and Technician. 

The ITE Traffic Control System Operations manual suggests that a traffic signal system should have one 
traffic engineer per 75-100 traffic signals and one signal technician per 40-50 traffic signals or other field 
devices. A National Cooperative Highway Research Paper (Synthesis 245) also suggests 38 to 43 signals 
per technician. 

The ITE manual also provides staffing guidelines for a continuously operated MMC which includes one 
center manager, two supervisors, and five system operators. This decision depends on funding and how 
much of an active role MNPW wants to engage in with active management and control of other activities 
along with TDOT, the MNPD, and other agencies. 

Current literature provides limited guidance on staffing for complex traffic signal systems that include a 
multitude of components ranging from traffic signals to various detection technologies to ITS devices to 
incident management plans and a MMC. With the above limitations in mind, the table below, adopted 
from the FHWA office of operations, provides general guidelines on staffing needs for a traffic signal 
system as it relates to signal retiming and signal systems maintenance. 

Table 3. Staffing Guidelines based on Number of Traffic Signals 

Position 501 to 1000 Traffic Signals

Traffic Signal Engineer 5 to 10 

Traffic Signal Analyst/Technician 3 to 5 

Intelligent Transportation Systems 
Engineer 

1 to 3 

Traffic Signal Maintenance Technician 17 to 33 

Electronic Specialists 4 to 9 

MMC Operators 4 to 9 

Public Relations Coordinator 2 
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APPENDIX A – SUMMARY OF PEER REVIEW FINDINGS 

The following matrix provides a high-level summary of the assets and operations for each of the peer 
review agencies interviewed for this study. Based on the findings of the peer review survey, MNPW is 
severely understaffed in all roles including traffic engineers, signal technicians, and communication 
specialists. Traffic engineers in the agencies surveyed are responsible for an average of 101 traffic 
signals. MNPW has one traffic engineer in charge of over 865 traffic signals. MNPW would need to hire 
eight (8) additional traffic engineers to match the average of the peer agencies surveyed.  

Each MNPW signal technician is responsible for 62 traffic signals while the average of local agencies 
surveyed is 49 traffic signals. MNPW would need to hire four (4) additional signal technicians to match the 
average of the agencies surveyed.  

Currently, 85% of MNPW’s signals are communicating back to their Centracs management software, 
although much of the communication is not reliable. On average, 96% of the peer agencies’ signals had 
communication.  

MNPW coordinates with WeGo Public Transit and MNPD to manage special event traffic. Most of the 
agencies surveyed coordinate with their local transit agencies and emergency services.    

Metro currently has no functional CCTV cameras capable of monitoring traffic operations that are 
communicating back to the NMMC. When compared to its peers, Metro has the lowest percentage of 
active functional CCTV cameras for the purposes of monitoring. The agencies surveyed had an average 
of 398 CCTV cameras available to them for monitoring traffic operations. 

MNPW’s traffic control strategy consists of Time Based Coordination and Time of Day while a majority of 
the peer agencies use traffic responsive and adaptive operation as well. 

MNPW does not currently have active plan selection due to incidents except for some event plans for the 
interchange of Old Hickory Blvd and I-65, which are coordinated with City of Brentwood. All peer agencies 
except for the City of Atlanta currently use active plan selection for incidents.  

MNPW’s annual capital improvement and operational budget has not been consistent in the past and will 
need to be increased to support the hiring of additional staff and provide needed infrastructure upgrades.  
It is difficult to determine an average annual operation budget for the peer agencies surveyed because 
the values of their staff salaries varied. The peer agencies annual operation budgets are considerably 
larger because they have additional staff when compared to MNPW.   

Communication and preventive maintenance practices were very similar amongst MNPW and other peer 
agencies.





APPENDIX B 
Nashville Mobility Management Center Peer Review Questionnaire









APPENDIX C 
Nashville Aerial & Traffic Signal Preventative Maintenance Checklists
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1 Introduction 
This study is intended to provide information that can be used to better understand and 
articulate the potential benefits of the conceptual elements identified in the Metro Nashville 
Transportation Plan (the Transportation Plan). A description of the Transportation Plan elements 
and the associated costs were provided by Metro. Most of the projects within the Transportation 
Plan will need to advance through planning and engineering to more fully define their scope and 
costs. Because of the highly conceptual nature of the Transportation Plan, the HDR team used 
a combination of qualitative and quantitative information to evaluate its key initiatives, which 
include: 

 Upgrading the bus system; 

Tackling traff ic and modernization of the traffic management system; 

 Investing in neighborhood infrastructure including sidewalks, bikeways, and greenways;  

 Improving safety and 

 Exploring the creation of a Nashville Department of Mobility and Infrastructure to 
enhance eff icient, effective management, performance, and accountability. 1 

It should be noted that some Transportation Plan components will continue to be refined over 
time. As this occurs, project details (e.g., exact location, impact on traff ic) could be used to 
update the benefits provided in this technical report. As more detail related to the proposed 
projects becomes available, qualitative, quantitative, and monetizable benefits can be refined 
and added. Even at this conceptual stage, however, the results of the analysis suggest that the 
investments proposed in the Transportation Plan are anticipated to:  

 Enhance public safety; 

 Promote a state of good repair; 

 Improve neighborhood connectivity; 

 Support health through active transportation facility improvements;  

 Offer the opportunity for equitable, mixed used development; 

 Increase green space; and 

 Support innovation.   

1 .



 

2 | October 16, 2020

The f irst section of this report describes the general methodology used to estimate benefits, as 
well as the transit ridership forecasting approach. Separate, more detailed discussions are 
provided for the transit and traffic/multimodal/safety projects, as the benefits associated with 
these categories of projects may be different.  

2 Methodology 

2.1 Types of Benefits Included in the Analysis 
Transportation projects can impact a community in several ways, some of which can be 
quantif ied. Benefits attributable to transportation investment often include improved 
accessibility, the potential to decrease transportation costs (including travel time, vehicle 
operating costs, accident and pollution damages), enhanced connectivity, among others.   

While details related to many of the projects identified in the Transportation Plan are still being 
developed, there are numerous benefits expected to be generated by these investments. The 
following provides a qualitative and quantitative assessment of the projects described in the 
following section. Where possible, benefits are monetized based on United States Department 
of Transportation (USDOT) guidance related to benefit-cost analysis (BCA).2 This is often 
helpful when trying to understand the value of the project, relative to the costs.   

2.1.1 Qualitative Benefits 
Qualitative benefits are identified, based on previous Metro experience associated with similar 
transportation investments, along with the experiences of other communities. In addition, 
relevant plans and studies were reviewed to understand the anticipated impact of the projects 
included in the Metro Nashville Transportation Plan. 

2.1.2 Quantitative Benefits 
In many cases, funding the projects included in the Transportation Plan will result in quantif iable 
outputs. For example, implementation will address 80 percent of new priority sidewalk needs 
across Davidson County. These types of quantifiable measures are provided for the project 
categories included in the Transportation Plan. Sources include City databases and expertise, 
as well as third-party studies related to the transportation investment. 

  

2 USDOT, Benefit-Cost Analysis Guidance for Discretionary Grant Programs, January 2020. 
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2.1.3 Monetizable Benefits 
USDOT guidance and industry standards were utilized to monetize the benefits of 
Transportation Plan projects, where possible. Data and information limitations determine which 
benefits can be valued using benefit-cost approaches. In general, the benefits estimation 
adheres to the following: 

 An understanding of  the existing and future conditions under the Build and No-Build 
scenarios; 
Measuring benefits in dollar terms, whenever possible, and in a common unit of 
measurement; 

 Using USDOT guidance for the valuation of travel time savings, vehicle operating costs, 
safety benefits, and reductions in air emissions, while relying on industry best practice for 
the valuation of other effects; and 

 Applying an industry-accepted discount rate of  four percent when calculating the Net 
Present Value of an investment. 

2.2 Transit Ridership Forecasting Methodology 
A key requirement to quantify and monetize the benefits associated with the transit 
improvements listed above is developing ridership estimates. Following is a list of the elements 
of the Transportation Plan projects that were analyzed as a part of this study:  

 Bus Rapid Transit (BRT) service on Murfreesboro Corridor

 BRT service on Clarksville Pike 

 Phase 1 Service improvements on WeGo STAR Commuter Rail 

 Better Bus program involving:  

 Frequency improvements  

 Better shelters

 Improved sidewalks and transit accessibility 

 New and improved transit centers 

 Expanded duration of service 

 Better service connections 

 Mobility on demand service 

 Expanded and improved service for persons with disabilities. 

Ridership forecasts for each of the above projects were estimated for the year 2040. It should 
be emphasized these are high-level forecasts generated using a simple sketch planning 
technique that involves the application of transportation elasticity factors. The general approach 
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consists of updating the existing transit demand in the corridor using elasticities to account for 
an increase in transit service levels, improvements in transit travel times, attractiveness of the 
BRT transit mode, increase in projected population and employment and effect of transit 
oriented development (TOD). A simple definition of elasticity is provided below. 

2.3 Definition of Elasticity 
In economics, price sensitivity to demand is measured using elasticities, defined as the 
percentage change in consumption resulting from a 1 percent change in price, all else held 
constant. This can be applicable to transportation demand also. For example, if the elasticity of 
transit ridership with respect to transit fares is 0.5, this means that each 1 percent increase in 
transit fares will most likely cause a 0.5 percent reduction in ridership, so a 10 percent fare 
increase will cause ridership to decline by 5 percent. The converse is also true, that is a 10 
percent reduction in fares can cause a 5 percent increase in ridership. The negative sign 
indicates the reciprocal behavior of the demand and supply variables. Similarly, travel time 
elasticity or transit headway elasticity can be applied to estimate the potential changes in 
ridership attributable to changes in travel times or headways. 

Our process involved computing the current number of buses (or trains in the case of WeGo 
Star)  available during the peak periods in the corridor, comparing that to the proposed number 
of buses or trains, computing percent increase in service and applying a service elasticity to 
determine the corresponding percent increase in ridership demand and finally applying the 
percent increase to the current ridership in the corr idor to reflect the new demand attributable to 
the proposed service improvement. A similar computation was performed if there was an 
improvement in travel times. The f inal number was adjusted further for population and 
employment growth in 2040.  

Ridership forecasts were computed as a range (e.g. lower bound and upper bound). For lower 
bound estimates, elasticity factors representing the lower end of the industry average was used. 
For upper bound estimates, higher end was used. 

Several assumptions were made in estimating the ridership forecasts. Some key ones are listed 
below. 

 Strict enforcement of High-Occupancy Vehicle (HOV) lanes would be in place by 2040.  
Average operating speeds for BRT range between 30 miles per hour (mph) and 35 mph 
depending on the extent of freeway versus local road operation; 

 2040 highway congestion is proportional to demographic growth; 

 Higher service elasticities would apply for BRT with premium service; 

 For lower bound estimates, a travel time elasticity of 0.35 and service elasticity (as 
described above) of 0.4 was used; 

 For upper bound estimates, a travel time elasticity of 0.45 and service elasticity of 0.5 
was used; 
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The increase in ridership due to TOD effect would be about 10 percent (based on 
studies HDR conducted in CA as well as in literature);  

 Parking supply at Park-n-Ride (PNR) facilities will be unlimited; 

 Monthly to daily ridership conversion is based on proportions of weekend day and 
weekday ridership seen in the industry; and 

 TOD effect was not included for Commuter Rail and Better Bus projects. 

It was assumed most of the ridership increase due to service improvements would be coming 
from the auto mode.  Based on this assumption, an estimate of the vehicle miles traveled (VMT) 
reduction for each project was made. The monetized value of the reduction in air pollution and 
accidents/injuries resulting from the VMT reduction was estimated using formulas established 
by the Federal Transit Administration (FTA). 

The tables below present a summary of 2040 ridership forecasts, VMT reductions and 
monetized value of air quality and safety benefits. As shown below, ridership for the entire 
NMATA System is expected to grow 42 percent f rom 2019 to 2040, assuming the upper bound 
ridership estimate. 

Table 1: 2040 Daily Ridership Forecasts 

Corridor Current Routes Proposed 
Technology / 
Facility Type

2019 Daily 
Ridership 

2040 
Ridership 

(lower 
bound) 

2040 
Ridership 

(upper
bound) 

US41-A 
Clarksville 

22,25 BRT light /  
Arterial 
Operation 

1,904 2,400 2,700 

I-40 E Commuter Rail 
(Nashville - 
Lebanon) 

Commuter Rail 1,186 1,800 1,900 

US41 
(Murfreesboro)

55 BRT Gold /  
Freeway 
Operation 

3,480 5,000 5,600 

Whole NMATA 
System 

Better Bus Better Bus 
service 

26,971 34,600 38,400 
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Table 2: Total Systems Level Benefits 

Estimate Value 

2040 Auto trips diverted to transit 4,144 

2040 Daily VMT reduction 23,652 

2040 Annual Monetized value of air pollution reduction $264,259  

2040 Annual Monetized value of safety improvements $1,757,181  

Note: The 2019 ridership is based on 3-month average of October November data from MTA 

2.4 Transit Economic Benefits Methodology 
For each of the proposed transit improvements, an assessment of benefits was conducted. In 
some cases, qualitative and quantitative benefits could be assembled but monetizing benefits 
was not possible. In other cases, benefits associated with pavement maintenance, safety, 
emissions and travel time were monetized using industry-accepted standards, USDOT and FTA 
guidance related to benefit-cost analysis. 

Generally, transit improvements support a mode shif t from automobile travel to transit. People 
make this decision based on several factors. For example, a higher-quality or more frequent 
service may induce some drivers to take transit. Dedicated transit routes may result in time 
savings, as compared to driving. Sometimes transportation costs are a factor. These types of 
considerations may result in a reduction in VMT, generated when someone who currently drives 
chooses to take transit instead. 

The ridership estimates detailed previously reflect these types of considerations. When 
combined with assumptions related to average trip length, travel speeds, and so forth, VMT 
changes can be calculated. This is then used to estimate the benefits listed previously. The key 
assumptions for each benefit type are provided below. 

2.4.1 Travel Time Savings  
Travel time savings benefits are calculated for the Murfreesboro Pike and Clarksville Pike Bus 
Rapid Transit projects, based on USDOT guidance. Specifically, the anticipated time savings 
per rider for each service are multiplied by the number of riders to calculate the total travel time 
saved. This is then combined with a bus travel time value of $16.60 per hour.  

Although it is expected that the transit alternative will induce some drivers to take transit, our 
methodology conservatively estimates only travel time savings associated with existing (i.e., No-
build) transit riders. As a result, the value of these benefits is conservative.  

Because of data limitations, travel time savings are not monetized for the Better Bus or WeGo 
Star improvements.  

2.4.2 Pavement Maintenance Savings 
Pavement maintenance savings benefits are monetized for all four transit improvements. Per -
mile pavement maintenance cost assumptions are sourced from the Addendum to the 1997 
Federal Highway Cost Allocation Study Final Report (May 2000) and adjusted to $2018 using 
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Bureau of Economic Analysis (BEA) Implicit Price Deflators for GDP, consistent with USDOT 
guidance ($0.0014 per mile). 

The per-mile pavement maintenance cost savings is applied to the change in VMT associated 
with each service improvement, to estimate the pavement maintenance savings generated by 
each transit improvement. 

2.4.3 Emissions Reduction Benefits 
The reduction in VMT associated with each transit improvement project would result in 
reductions in air pollutants. To calculate the reductions in air pollutants, emission factors (Grams 
per VMT) used by FTA for their New Starts and Small Starts project evaluation for different 
pollutants were utilized. The daily reduction in air pollutants were then converted to a dollar 
value using a monetizing factor recommended by the FTA. Daily benefits were converted to 
annual benefits using an Annualization Factor of 305. 

2.4.4 Safety Benefits 
To calculate the benefits associated with VMT reductions, two factors were applied to the daily 
VMT: one for reduction in fatalities and other for reduction in injuries. Once the reductions were 
estimated, they were then converted to dollar values, using monetization values as shown 
below, and consistent with FTA guidance. 

Table 3: Parameters and Values Used for Transit Benefits 

Parameter Value Unit 
Fatality Factor 0.013 Per million VMT
Injury Factor 0.195 Per million VMT
   
Value of Life $9,100,000 Per life 
Value of Injury $490,000 Per injury 

Sources: 
https://www.transportation.gov/sites/dot.gov/files/docs/2016%20Revised%20Value%20of%20a%20Statistical%20Life
%20Guidance.pdf; https://www.transit.dot.gov/funding/grant-programs/capital-investments/new-starts-templates-part-
1 
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3 Traffic/Multimodal/Safety Benefits 
The Transportation Plan identif ies several potential improvements that would improve traffic 
flow, as well as promote safety and transportation choice. Specifically, it supports a state of 
good repair, but also proposes innovative projects such as the Jefferson Street Multimodal Cap 
/Connector, which may generate health and safety benefits if pedestrian and cyclist facilities are 

 

A signif icant portion of the current sidewalk repair backlog of  sidewalks, as well as new sidewalk 
projects identified in the WalkNBike Plan, are also addressed through this plan. Other projects 
include those intended to improve roadway condition, bridges and culverts, as well as support 
restoration and resiliency efforts. Public safety improvements are included, along with projects 
that support specific Vision Zero efforts and traffic calming. Finally, the Transportation Plan 
includes new active transportation facilities as well as traffic management improvements.  

The following provides a description of each of the Transportation Plan categories, the funding 
allocated to each category, and the benefits that are expected to be generated by those 
investments. 

3.1.1 Sidewalks 
The Transportation Plan would address priority sidewalk needs across Davidson County, 
recommending $200 million to support these important projects.  

According to the WalkNBike Plan, there are 1,900 miles of missing sidewalks in areas of 
greatest need in Nashville-Davidson County.3 
providing safe pedestrian facilities in Davidson County neighborhoods where sidewalks do not 
currently exist.  

These improved facilities are expected to encourage new walkers, some of whom may not be 
physically active at this time; increasing walking is one practical way to improve public fitness 
and health. As a result, it is expected that health benefits associated with walking will be 
realized through this investment. Although the health benefits to new walkers is a benefit for 
which there are approaches to monetize, there is presently insufficient data to estimate this 
benefit.  

It is important to note that this $200 million investment is expected to address 80 percent of the 
current priority sidewalk needs across Davidson County. This is anticipated to be equivalent to 
building about 40 miles of new sidewalks.  

3.1.2 State of Good Repair 
The Transportation Plan recommends $200 million to support resurfacing and pothole projects, 
as well as bridge repair and restoration efforts. In addition, sidewalk improvements that comply 
with the American with Disabilities Act (ADA) are also included in the Transportation Plan. This 

3 WalkNBike Plan, https://www.nashville.gov/Public-Works/WalknBike.aspx. 



Metro Nashville Transportation Plan Benefits Analysis
Methodology

  October 16, 2020 | 9 

funding will cover the current gap in fully funding the annual paving and sidewalk repair budge ts, 
and it addresses the backlog of paving needs and needed culvert and bridge repairs.  

Specifically, the funds will support 1,800 lane-miles of paving. By addressing these paving 
needs, it is likely that longer term operations and maintenance expenses wil l be reduced. In 
addition, the funds address high priority culverts and bridges; notably five currently weight -
restricted bridges. By addressing these bridges, truck detours to avoid these structures will be 
eliminated. This means a reduction in travel time associated with those detours, as well as 
fewer VMT. A reduction in VMT is anticipated to reduce overall emissions, as well as crashes.  

In addition to the paving, sidewalk repair, bridge and culvert work, these funds will also bring 
approximately 30 percent of sidewalks that are not currently in compliance with ADA into 
compliance. This investment will result in an additional 120 miles of ADA-compliant sidewalks, 
improving connectivity for our disabled populations and improving pedestrian safety for all Metro 
travelers.

3.1.3 Jefferson Street Multimodal Cap/Connector  
The Transportation Plan recommends $175 million to build an 8-acre cap/connector from 
Jefferson to Jackson Streets and covering I-65/40. This investment provides an opportunity to 
reconnect bifurcated neighborhoods, expanding access to social and economic activities on 
both sides of the roadway. 

Figure 1: Jefferson Street Interstate Cap 

 
Source: USDOT Ladders of Opportunity; Every Place Counts Design Challenge, Summary Report  

Depending on the f inal design of the cap/connector, there is also an opportunity for new 
affordable mixed-use office, retail and housing development. Similar projects across the country 
have resulted in significant levels of development. The 5.2-acre Klyde-Warren lid in Dallas, 
Texas, opened in October 2012 and since then has welcomed more than six million visitors, 
creating more than $2 billion in economic development, and increased property value in the 
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area around the Park.456  The 7-acre Capitol Crossing in Washington, DC, has also experienced 
significant development, $1.2 billion over multiple phases.7 

Placemaking investments associated with this type of infrastructure may increase green space 
and offer improved social connectivity options. Finally, the investment yields an opportunity for 
micromobility investments and safety improvements. 

3.1.4 Restoration and Resiliency, State Routes, Partnership Funding, and Innovation & 
Sustainability Corridors 

The Transportation Plan identif ies $117 million to support a number of different projects, 
including the MLK, Jr. Ave/Charlotte Pike and Gallatin Pike, ongoing infrastructure restoration 
and resiliency efforts in areas hardest hit by recent storm events, and future partnerships with 
the Tennessee Department of Transportation (TDOT) on needed State Route/Interstate 
improvements.

3.1.4.1 INNOVATION & SUSTAINABILITY CORRIDORS 

Two Innovation & Sustainability Corridors would be supported by $7 million of the $117 million 
allocated for this category of improvements. Transit, bike and pedestrian improvements would 
be made in these corridors, supporting active transportation and increased mode choice. Project 
elements also may serve as a  the 
addition of smart signals and crosswalks, as well as Connected, Autonomous, Electric Vehicles 
(CAEVs). Green and solar powered infrastructure is also an option in these corridors, as well as 
cool street pavement, native plant landscaping, and stormwater management.  

  

4 https://www.klydewarrenpark.org/about-the-park/press-room/press-releases/2018/klyde-warren-park-completion-

project-announced.html 

5 https://www.architectmagazine.com/project-gallery/capitol-crossing-dc 

6 https://dmped.dc.gov/release/capitol -crossing-what-expect-one-dcs-largest-revitalization-projects 

7 https://capitolcrossingdc.com/project/ 
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Figure 2: Existing MTA Route 50 Charlotte Pike 

 
Source: MTA (https://nashvillemta.org/maps/route50.pdf)  

Figure 3: Existing MTA Route 56 Gallatin Pike 

 
Source: MTA (https://nashvillemta.org/maps/route56.pdf) 

Technology improvements and autonomous vehicles show promise in supporting public safety 
by reducing the number of crashes in these corridors. The elimination of one fatality generates 
$9.6 million in public benefits, based on USDOT guidance. Each severe injury avoided provides 
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$2.5 million in public benefits, and the elimination of a single Property Damage Only crash 
results in $4,000 in public benefits.8 

Increased transit access and technology implementation also may alleviate some congestion. 
Simply reducing 
hours) annually. Mode shift to transit can save a single household nearly $10,000 by living with 
one less car.  

It is worth noting that the corridors are conceptually designed. Further design is likely to involve 
additional data estimation and collection related to anticipated mode shift to transit, changes in 
VMT, and travel time, as well as safety implications. This additional information will allow the 
single benefits described above (e.g., $9.6 million per fatality avoided) to be applied across 
larger populations, generating millions and potentially billions in public benefits as a result of this 
$7 million investment. 

These potentially signif icant benefits do not include other positive impacts associated with this 
investment. For example, deployment of CV technology at intersections leads to better signal 
operation and reduced congestion. Real-time monitoring of transit conditions and upgraded 
traffic signaling can support better signal operation and reduced congestion. Some communities 
have even benefited from reduced emergency response time, due to  connected vehicles.  

Congestion reduction can lead to reduced travel times for all users of the roadways; reducing a 
single ime by 10 minutes per day saves 40 hours of time per year. This time savings 
has a monetary value, arguably even more significant for emergency vehicles accessing the 

Dynamic management also allows prioritization for behind-schedule 
transit vehicles and asymmetrical directions demand at intersections. The result is the potential 
for improved transit service, as well as fewer crashes, along with the possibility of reduced 
vehicular congestion.  

Finally, there is the opportunity to incorporate green infrastructure into the corridors. These 
investments could reduce energy costs and lower temperatures in the area, but the full 
magnitude of these benefits will be better understood as design of these corridors progresses.  

3.1.5 Safety/Vision Zero/Traffic Calming 
The $75 million in funding identified in the Transportation Plan would help address current traffic 
calming requests and ongoing maintenance of traffic calming devices. It also supports the 
Vision Zero Action Plan, currently under development, which addresses the highest accident 
locations and safety initiatives. The funding will also support 10 to 15 major arterial issues per 
year, and it will support intersection improvements across the Metro area.  

8 USDOT Benefit-Cost Analysis Guidance for Discretionary Grant Programs, https://www.transportation.gov/office-

policy/transportation-policy/benefit-cost-analysis-guidance-discretionary-grant-programs-0 
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The f igure below shows that traffic crashes in Davidson County trended upwards from 2009 to 
2016, remaining at an elevated plateau since 2016. 

Figure 4: Davidson County Traffic Crashes

 
Source: https://www.tn.gov/content/dam/tn/safety/documents/CrashType.pdf 

Traffic fatalities have been trending upward since 2014, with a signif icant increase in 2019, up to 
101 fatalities in the year. 

Figure 5: Davidson County Traffic Fatalities 

 
Source: https://www.tn.gov/content/dam/tn/safety/documents/CrashType.pdf  
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Through the first half of 2020, Davidson County has recorded: 

 11,579 Traffic Crashes; 

 3,565 Injury-Causing Crashes; and 

 45 Traff ic Fatalities. 

These statistics reflect the importance of addressing transportation safety through the types of 
projects that would be supported by this funding. As presented in the figure below, it is expected 
that the traff ic calming, Vision Zero, and safety-related investments funded by the 
Transportation Plan will result in a reduction in automobile crashes.  

 (CRF) is the percentage crash reduction that would be expected 
after implementing a given countermeasure at a specif ic site. If an improvement with a CRF of 
32 percent is implemented at a given intersection, then crashes at that intersection would be 
expected to decrease by 32 percent. As presented in the figure, for example, refreshed 
approach striping alone could reduce crashes by 57 percent.  

As the projects continue to be defined, more data will become available, and the application of 
these CRFs will allow the estimation of total safety benefits associated with these investments.  

Figure 6: Potential Benefits of Automotive Safety Improvements 

 
http://www.cmfclearinghouse.org/) 

In addition to supporting safety as it pertains to automobile traff ic, the funding will be used to 
make pedestrian facilities safer. As shown in the figure below, pedestrian fatalities are 
increasing over time. There were 16 deaths in 2016, but there were twice as many in 2019. 
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Figure 7: Nashville Pedestrian Deaths 

 
Source: WalkNBike Nashville Pedestrian Safety fact sheet 

Although not shown in the figure above, the f irst four months of 2020 had 125 crashes involving 
pedestrians. Those crashes resulted in 10 pedestrian fatalities. The potential impacts of the 
pedestrian improvements envisioned for the Transportation Plan are presented below; for 
example, a raised median/pedestrian refuge area is expected to reduce crashes by 26 to 29 
percent.   

Figure 8: Potential Benefits of Pedestrian Safety Improvements 

 
http://www.cmfclearinghouse.org/) 
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Total bicycle crashes range from 50 to more than 90 per year, with an average of 72 since 
2007. The first half of 2020 has experienced 30 injury-causing bicycle crashes, on track to be 
slightly lower than the County average.  

Figure 9: Davidson County Bicycle Crashes 

 
Source: https://www.tn.gov/content/dam/tn/safety/documents/Bicyclists.pdf  

Since 2007, there has been zero to one bicycle fatality per year in Davidson County. Even more 
promising, there have been no bicycle fatalities since 2017, with the f irst half of 2020 
maintaining this low level.  
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Figure 10: Davidson County Bicycle Fatalities 

 
Source: https://www.tn.gov/content/dam/tn/safety/documents/Bicyclists.pdf   

Improving bicycle facilities will further support safety for cyclists. Investments in cycling facilities 
are expected to include dedicated paths outside of the roadway that are fu lly separated from 
automobile traff ic, striped and/or buffered bicycle lanes in roadways, and bicycle boxes that 
provide dedicated space for cyclists. As shown below, these types of improvements generally 
reduce crashes by 25 to 45 percent, depending on the nature of the investment.

Figure 11: Potential Benefits of Bicycle Facility Improvements 
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3.1.6 Active Transportation/Bikeways/Greenways
Building on the improvements discussed previously, the Transportation Plan will provide $35 
million specif ically for active transportation projects. These funds will support approximately 
seven miles of new bikeway each year, growing 
Specific greenway needs are to be determined, but building new facilities is expected to 
generate c . These represent the value that cyclists realize by 
riding on dedicated bike facilities rather than in mixed traff ic.  

Nashville conducted daily cyclist counts in 28 locations throughout the city in 2015, and this data 
was used to develop forecasts of cyclist counts over time, using an annual population growth of 
two percent. These forecasts were then used to estimate journey quality benefits generated 
when cyclist facilities are improved.  

The Metro Nashville Transportation Plan provides funding to build 48 miles 
of new sidewalks and 35 miles of new bikeways over 5 years from 2021-
2025, or 9.6 miles and 7 miles per year, respectively. The bikeway projects 
are expected to provide facilities to cyclists where there currently are none. 
Existing cyclists are expected to experience improved journey quality 
associated with an improved travel experience.  

We would also expect some riders to be induced to ride because of the 
improved bike facilities. However, the estimation of journey quality benefits 
does not include increases in ridership due to mode shifting. As a result, our 
estimates are conservative. 

Cyclist counts from the 28 locations were assigned to bike projects from the 
WalknBike program to create a representative sample of expected bikeway 
demand. Using this sample, we calculated average expected cyclist traffic 

per mile of new bikeway. Based on the cyclist traffic forecasts, benefits per mile were calculated 
using a methodology employed by the California Department of Transportation (CalTrans).  Per 
the methodology, cyclists experience a value of time equivalent to $30.40 per hour of cycling, 
travel at an average speed of 11.8 mph and have a journey quality parameter of 0.57, wh ich 
ref lects the marginal rate of substitution for road travel (i.e., a mile-equivalent value of road 
travel distance versus bike facility travel distance). This average benefit per mile was then 
aggregated up to the 35 miles the city expects to build for total annual benefits. 

lighting, curb level, crowding, and pavement evenness. Because of data limitations, the value of 
these amenities is not monetized.  

The net present value of benefits of the bikeway projects was calculated to be $6.3 million. This 
value is discounted by four percent, over a 20-year period from 2021 to 2040 to reflect the time 
value of money.  



Metro Nashville Transportation Plan Benefits Analysis
Methodology

  October 16, 2020 | 19 

3.1.7 Traffic Management System/Signal Upgrades 
The Transportation Plan recommends $15 million be used to fund recommendations of the 
Traffic Management System Evaluation currently underway. Signif icant reductions in travel time 
delay, as well as safety improvements associated with improved traffic f low and management, 
are anticipated. The table below shows the scheduled improvements, as well as their 
anticipated cost. 

Table 4: Traffic Management System/Signal Upgrades Projects 

Project Unit Cost Schedule Total Cost 

Full intersection detection upgrade $30k 20 intersections/year $600k/year 

Partial detection upgrade $30k 10 intersections/year $200k/year 

Communications $500/node 500/year $250k/year 

TCC  1.5 million in year one 
and 4 staff each year 
upon commissioning 

$250k/year 

Timing development and TR 
implementation 

$3k/intersection 200 intersections/year $600k/year 

CCTV installations $6k/node 50 locations/year $300k/year 

Connected vehicle and new 
technology testing 

$10k/location 20 locations/year $200k/year 

Intersection rewiring $50k/intersection 20 intersections/year $1M/year 

Source: Metro Nashville Public Works 

Many of the improvements listed above will improve the flow of traffic and enhance safety. As 
shown in the figure below, the improvements envisioned as part of this investment are expected 
to reduce crashes by 16 to 99 percent, depending on the nature of the improvement.  
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Figure 12: Potential Benefits of Traffic Management System/Signal Upgrade Improvements 
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4 Transit Benefits 
Transit improvements identified in the Metro Nashville Transportation Plan are intended to 
improve existing transit service, as well as introduce new service and technologies to the region. 
The section below provides a brief description of the conceptual transit improvements 
envisioned by the Transportation Plan, as well as an estimate of the funding necessary to 
support the recommended project categories. 

The section below provides a brief description of these conceptual improvements as well as an 
estimate of the funding necessary to support the Transportation 
categories. 

4.1.1 Better Bus Service Enhancements/Redesign 
-route bus transit system 

9 Establishing an all-day, all-week network 
that reduces travel times, as well as makes transit easier to understand and navigate, is a 
primary goal.   

The Transportation Plan would include $209.6 million in funding to support Better Bus 
improvements, which include longer service hours on major bus routes, new and improved 
crosstown routes, improvements to frequency of bus service (particularly during evenings and 
weekends), and infrastructure upgrades.  

Several routes will be extended to serve emerging Neighborhood Transit Centers, and shelters 
would also be improved.  Access service for persons with disabilities would be expanded and 

ons of 
the county to provide on-demand feeder service to individuals in less densely developed 
neighborhoods (see Figure 13 for Mobility on Demand zones and Better Bus routes) . 

The Better Bus projects included in the Transportation Plan will benefit f rom $209.6 million in 
funding. Key features include: 

 Longer service spans; 
 Improved weekend and evening service frequency; 
 Access / Access on Demand for persons with disabilities; 
 First Mile/Last Mile Mobility Zones providing discounted on-demand trips; and 

 Fare Capping/Best Value Pricing. 

It is also anticipated that 95 percent of current riders will experience an improvement in their 
service. For example, several routes will be extended to serve emerging Neighborhood Transit 
Centers, and there will be new and improved crosstown and neighborhood connections included 
in the program of projects. 

9 Metro Nashville Transportation Plan, September 2020. 



 

22 | October 16, 2020

Figure 13: WeGo Better Bus Transit Network 

 
Source: WeGo 

  



Metro Nashville Transportation Plan Benefits Analysis
Methodology

  October 16, 2020 | 23 

To estimate benefits associated with Better Bus, the BRT service is assumed to be of medium 
quality, with 10-minute peak frequency, an average operating speed of 18 mph, and no TOD. A 
medium quality BRT may not have 100 percent exclusive guide-way or gold standard station 
amenities but still provides a much better level of service, in terms of frequency and travel times 
compared to regular local bus service. Based on the mode shift that is expected as a result of
the proposed improvements, VMT reductions were calculated.  

As presented in the figure below, $148,200 in 2040 air pollution reduction benefits are estimated 
to be generated by the implementation of the components described previously. An additional 
$985,100 is estimated to be associated with safety improvements, and approximately $6,500 in 
pavement maintenance savings are also anticipated. 

Figure 14: Potential Monetized Benefits  Better Bus Improvements 

 

4.1.2 Murfreesboro Pike Bus Rapid Transit 
$413.3 million in funding is identif ied to develop a BRT service that originates at Hickory Hollow 
in Antioch and terminates at SoBro Transit Hub (4th Ave and Ash St) in Downtown. The bus will 
run in dedicated lanes and feature iconic stations, platform-level boarding, and off-board fare 
collection. Finally, funding will support roadway projects, as well as safety, ITS and pedestrian 
crossing/sidewalk improvements. The ridership analysis and benefits estimation assume a Gold 
Standard BRT service with 10-minute peak frequency, and operating speeds of 30 mph. TOD is 
assumed to occur as a result of this BRT service. The BRT service will generally follow existing 
MTA Route 55 Murfreesboro Pike (see Figure 15). 
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Figure 15: Existing MTA Route 55 Murfreesboro Pike 

 
Source: WeGo 

As shown in the figure below, this project is expected to generate $38,000 in air pollution 
reduction benefits, as well as $252,000 in safety benefits in 2040. Pavement maintenance costs 
are also expected to be reduced, but the largest category of benefits is associated with travel 
time savings. Specif ically, it is estimated that $2.7 million in travel time savings will be generated 
by this BRT project in 2040.  

Figure 16: Potential Monetized Benefits  Murfreesboro Pike Bus Rapid Transit 
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4.1.3 Clarksville Pike Rapid Bus
The Transportation Plan includes $92.9 million for service that originates at Kings Lane in 
Haynes Park and terminates at WeGo Central. The bus will operate along Route 22 and serve 
Haynes Park, Bordeaux, and North Nashville neighborhoods, and it will connect with the North 
Nashville Neighborhood Transit Center at 26th Ave. The funding will also include many of the 
amenities with a Gold Standard BRT project, minus dedicated lanes. Infrastructure upgrades 
are likely to include queue-jump lanes, transit signal priority, off-board fare collection, enhanced 
stops/stations, pedestrian safety upgrades, high-capacity buses, and fast, frequent service. The 
Rapid Bus service will generally follow existing MTA Route 22 Bordeaux (see Figure 17). 

Figure 17: Existing MTA Route 22 Bordeaux 

 
Source: WeGo 

Key assumptions underlying our benefits and ridership analyses include 10-minute peak 
frequencies and operating speeds of 18 mph. The quality is assumed to be a medium standard, 
as described previously, and no TOD is assumed. 
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As shown below, the largest category of benefits is expected to be generated by travel time 
savings, $1.3 million in 2040. Other benefits are also anticipated, though their values are 
relatively low. 

Figure 18: Potential Monetized Benefits  Clarksville Pike Rapid Bus 

 

4.1.4 WeGo Star Improvements 
$145.31 million in funding will support operation of more trips on the Star and include installation 
of a 
of service. The funds may also be used to support the implementation of quiet zones and inf ill 
stations at Central Pike, Golden Bear Pkwy, and Wilson Co. Expo Center. 

Case studies from across the country suggest that improved commuter rail service may support 
TOD. For example, in Meridian, Mississippi, the $6.6 million Union Station revitalization 
generated $135 million in private development, including low- to middle-income, transit-
accessible housing.10 Other communities have experienced similar development. In Brunswick, 
Maine, service improvements helped spur $25 million in private development and 97 new full -
time jobs added to existing businesses.111213 A Normal, Illinois, rail project costing $49.5 million 
helped catalyze $120 million in private development.141516 

10 http://www.meridianms.org/index.cfm/city-departments/community-development/union-station/ 

11 http://www.greatamericanstations.com/why-invest/case-studies/economic-development-brunswick-me 
12 http://www.brunswickme.org/ 
13 http://www.greatamericanstations.com/Stations/MEI 
14 http://epa.gov/region5/sustainable/pdf/Normal-Uptown-Station-Case-Study.pdf 
15 http://www.amtrak.com/ccurl/723/622/Amtrak-BNL-station-ribbon-cutting-ATK-12-067.pdf 
16 http://t4america.org/maps-tools/local-successes/normal/ 
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Appendix A  Multimodal Transportation Projects 
Map 
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Appendix B - Benefits Analysis Presentation  




















































