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Executive Summary

Freeway and arterial ITS systems provide a high degree of benefit, particularly in the area of travel reliability,
despite their relatively small portion of overall transportation budgets. For example, by keeping users
apprised of incidents and other delays after they have started their trips, and facilitating quick removal of
incidents, ITS provides a crucial service that cannot be replaced by capital investments alone. Users of the
system benefit from this increased consistency of their daily commutes, though they may not appreciate the
ITS investments that contribute significantly to these outcomes.

Many agencies have conducted benefit/cost analyses to evaluate the economic merits of new or continued
investments in ITS technology. Characterizing and documenting the ITS benefits, including cost-benefit ratio
and magnitude of annual cost savings provided by the system, can prove crucial to establishing an effective
and persuasive business case for sustained, continued, dedicated system funding.

Analysis Approach

In recognition of these objectives, this business case report presents the approach, results, and conclusions
of a carefully conducted benefit/cost analysis of the ITS investments and TSMO strategies in the Orlando
Urban Area. The approach taken for this analysis is to utilize the Tool for Operations Benefit/Cost
(TOPS-BC),! which is a tool developed by FHWA that offers reasonable estimates of the economic impacts
and generalized outcomes associated with various ITS. The analysis is performed in the context of existing
conditions in the tri-county area. A sensitivity analysis is also included to explore the impacts of alternative
analysis assumptions on the overall benefit/cost outcomes.

Findings

The overall annual monetized benefit associated with Intelligent Transportation Systems (ITS) in the Orlando
Urban Area (Orange, Osceola, and Seminole Counties) is $70.3 million, or $421k per mile. Of this,
approximately $21.8 million (or 31% of the total) is a result of delay savings, $33.0 million (47%) is a result of
crash-related savings (damage and injury costs), $11.3 million (16%) is a result of annual fuel savings, and
$4.2 million (6%) is captured by bus passengers through the transit strategies. Table ES.1 provides a
summary of these benefits per mile, separately by outcome type.

Table ES.1 Benefits for All Counties by Improvement Type

Benefit Category Total Benefit Per-Mile Benefit
Delay Savings Associated with Recurrent Congestion $787,086 $4,991
Incident Management: Delay Savings $20,964,220 $132,937
Incident Management: Crash Reduction Benefits $33,007,268 $209,304

All Strategies: Fuel Savings $11,304,050 $71,681
Transit Delay Savings $4,239,291 $2,033
Total Benefits $70,301,914 $420,947

! Available from FHWA: http://www.ops.fhwa.dot.gov/plan4ops/topsbctool/index.htm (accessed 10-19-2016).
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The overall annual cost associated with ITS investments in the Orlando Urban Area is $13.8 million, or $72k
per mile. Of these costs, approximately $7.1 million (or 52% of the total) is associated with signalization
improvements, $2.8 million (20%) is related to incident management, $1.3 million (10%) is attributed to travel
time information systems, and $2.5 million (18%) is invested in transit improvements. Table ES.2 provides a
summary of these costs separately by ITS strategy category.

Table ES.2 Annualized Costs for All Counties by ITS Strategy Category

Cost Category Total Annual Cost Per-Mile Annual Cost
Signal Improvements $7,104,021 $45,048
Incident Management $2,814,628 $17,848
Travel Time System $1,302,989 $8,262
Transit Strategies $2,531,136 $1,214
Total Annualized Cost $13,752,773 $72,372

Given these annual benefits and costs, the combined ITS strategies have an overall benefit-cost ratio of 5.11
to 1 as shown in Figure ES.1.1 Put another way, every $1.00 invested in ITS in the Orlando Urban Area
generates more than $5.11 in benefits for users of those facilities. Alternatively, a decision not to fund these
strategies could be expected to result in a net loss to the public of $56.5 million annually.

The benefits were well distributed across the region, with all three counties shown to benefit substantially
from their respective ITS investments across these categories. Specifically, Orange County benefits the most
from ITS strategies in terms of absolute dollar amounts, with a countywide benefit of $34.3 million annually
compared to $26.3 million for Seminole County and $9.8 million for Osceola County. Normalizing these
benefits by mileage, Seminole County exhibits the highest dollar value of annual benefits per mile at $678k,
compared to $337k per mile in Orange County and $349k per mile in Osceola County. From a cost
perspective, Osceola was the most efficient with an estimated per-mile rate of $50k for all ITS strategies
combined, compared to $71k per mile in Orange County and $93k per mile in Seminole County. Bringing
together the benefit and cost results by county, the benefit-cost ratio is found to be highest for Seminole
County at 7.3 to 1, compared to 7.0 to 1 for Osceola County and 4.8 to 1 for Orange County.

Cambridge Systematics, Inc.
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Figure ES.1.1
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Conclusions

This business case analysis used a nationally recognized benefit/cost estimation tool from FHWA, informed
by years of research projects and empirical data from leading studies across the country, and applied it to
detailed ITS inventory/deployment data and traffic/roadway configuration data from the Orlando Urban Area
to obtain reliable estimates of overall ITS-related benefits and costs throughout the region and by county.
Impact parameters were tailored to each of the 326 analysis segments according to their specific
characteristics, and benefits for each segment were estimated using high-fidelity hourly volume data to
achieve the highest level of analysis precision possible.

Across all counties and all analysis scenarios, the ITS strategies deployed in the Orlando Urban Area
consistently demonstrated a significant value across several categories, including fuel savings, time/delay
savings, crash injury/damage cost savings, and improved transit performance/efficiency. The analysis
revealed a regionwide annual benefit of $70.3 million against a cost of $13.8 million, for a benefit-cost ratio of
5.1to 1.

These findings were found to be resilient even when subjected to double-digit levels of uncertainty regarding
the input parameters used to produce these results, as demonstrated by the outcomes of the sensitivity
analysis scenarios. Across a set of six scenarios designed to examine the effects of reasonable ranges of
uncertainty associated with several key analysis parameters, the net benefit was always above $49 million
per year, resulting in benefit-cost ratios well in excess of 4:1 in all cases.

Cambridge Systematics, Inc.
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1.0 Introduction

1.1 Background

Since its establishment in 1977, MetroPlan Orlando has been responsible for ensuring that the region’s
transportation infrastructure is operated and managed efficiently and safely, and has taken a leading regional
role in facilitating interagency coordination and cooperation in pursuit of an effective and diverse regional
transportation system. Several of the region’s strategic overall objectives include:

e Improving safety and mobility,

e Reducing congestion,

e Providing information to motorists, and
e Sharing information with stakeholders.

Intelligent Transportation Systems (ITS) have had a central role in accomplishing these objectives among all
major member agencies of MetroPlan Orlando, enabling the region to efficiently operate the region’s
freeways and major state route arterial roadways by utilizing some of the most advanced traffic management
technologies available. It is a robust system that includes (among many strategies) the following key
components:

Transit-oriented strategies (e.g., Transit Signal Priority, Automated Vehicle Location Services);
e Traveler information dissemination (e.g., dynamic message signs, Florida 511);

e Incident management strategies (e.g., emergency vehicle pre-emption, CCTV, Road Rangers service
patrol); and

e Signalization improvements (e.g., signal retiming studies, coordinated control).

This business case analysis quantitatively evaluates the current performance of these ITS strategies, to
provide a sense of the value associated with past and ongoing investment in these systems.

1.2 What Makes a Business Case

The primary purpose of any business case is to provide agencies with the resources, data, and materials
they need to present a compelling investment justification to decision-makers and agency leadership. This
includes coverage of such integral topics as:

e Demonstrating how ITS investment and its associated outcomes aligns with agency goals.
o Identifying the needs that are met or addressed through different types of ITS investment.

e Quantifying the economic outcomes of the investment in terms of costs and benefits, both to the agency
and to the broader public.

Cambridge Systematics, Inc.
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e Presentation of transparent calculations, assumptions, inputs, and outputs, to instill trust in the business
case analysis.

e Conducting a sensitivity evaluation and risk analysis associated with realistically plausible outcomes,
rather than just a single point estimate of benefits and costs.

o Demonstrating the comparative value of TSMO against other alternatives for investment, including “do
nothing.”

Altogether, these topics are intended to provide actionable information, accompanying motivation, and data-
driven justification for continued investment in and support of MetroPlan’s ITS program among key
stakeholders including executive leadership, partner agencies, and the traveling public.

1.3 Target Audiences

Identifying the intended audiences of a business case is paramount to developing materials that most
effectively resonate with them and their needs, priorities, and goals. A business case is not a strategy for
communicating how ITS has solved MetroPlan’s problems, but rather a vehicle for showing how it has
addressed the interests and concerns of the target audiences. These include:

e Executive leadership;

e Decision-makers and politicians;

e Member agencies and their staffs at various levels;
e Regional partners and major stakeholders; and

e The traveling public.

Obtaining an understanding of the target audiences’ contexts enables the selection communications
strategies that are suitable and relevant to them according to the anticipated engagement opportunities that
may be expected. This includes consideration of format, length, and content. Examples of several different
communication strategies, formats, and priority topics for business case materials are available separately in
SHRP2's report, Business Case Primer: Communicating the Value of Transportation Systems Management
and Operations.

The different business case materials and content available within this business case report are summarized
in Table X below by the intended audience type and/or desired level of detail.

Cambridge Systematics, Inc.
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Table 1.1  Business Case Materials in this Report
by intended use

Business Case Materials Intended purpose, audience, and/or level of detail

Summary Graphics (see Figure ES.1.1) A concise summary of the key benefit/cost results only.
Ideal for starting the conversation about the benefits and
value of the ITS in the Orlando Urban Area. Suitable for
non-technical audiences that do not have a detailed
working knowledge of ITS or transportation
engineering/planning.

Executive Summary A summary of the benefit/cost results with additional
interpretive notes, contextual information, and discussion
regarding the significance of these findings for more
informed policy and decision support. Suitable for
audiences with a basic understanding of ITS.

Main Report Body (Chapters 2-5) A description of the basic analysis approach, assumptions,
inputs, procedures, and references used to obtain the
results shown in the executive summary. Also includes a
more detailed presentation of findings associated with the
benefit/cost analysis, and a more thorough treatment of
the assumptions and the sensitivity of the results to those
assumptions. Suitable for technical audiences familiar with
ITS that want a more thoughtful understanding of how the
results were obtained, and what they show more precisely.

Full Report with Appendices A full explanation of all data, parameter values,
assumptions, calculations, and procedures used in this
analysis, suitable for critical analysis and sufficient to allow
the reader to reproduce the results shown. Suitable for
technical audiences with a basic understanding of the
principles of economic analysis and standard practice
associated with transportation planning/engineering
benefit/cost evaluations.

As summarized in Table 1.1, this complete business case report provides detailed quantitative results for a
number of ITS technologies and scenarios, presented with transparent calculations and a clearly-defined
methodology that are ideal for analytical and technical audiences including project evaluators and reviewers.
Several summary figures are also provided in the results section that convey the key findings and outcomes
in a concise, graphical format that is both visually engaging and powerfully intuitive—qualities that make
these figures ideal for short publicity engagements and public outreach opportunities. Finally, an Executive
Summary chapter is provided at the front of this document that provides more background and contextual
information than the standalone graphics while still maintaining a higher-level perspective and concise writing
style suitable for executive leaders, decision-makers, and other audiences that need to quickly understand
the key elements and conclusions of this ITS business case in a carefully prepared summary that is highly
time-efficient.

1.4 Context in the Master Plan

This business case is only one element of the overall MetroPlan Orlando ITS Master Plan, and while this
document is written to function as a standalone work product, its full relevance is realized only when it is
considered within the context of the other tasks on this project. This business case analysis builds upon the
findings and products of other project tasks, including the following contributing components:
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e Goals and objectives that have been articulated in other parts of the MetroPlan Orlando ITS Master Plan,
which provides a basis for identifying benefit categories and performance measures.

e Inventory data, which is essential to the development of costs and the expected geographic extent and
magnitude of benefits associated with these ITS strategies.

o Existing conditions data, which are required to evaluate performance measures with and without the ITS
strategies.

The outcomes and results of this business case analysis also inform other components of the project,
including the following:

e The Needs Analysis, which will be used to help identify future proposed deployments and to establish
priorities.

e Planning work associated with future ITS activities, as informed by the benefit/cost evaluation and
subsequent prioritization of various proposed strategies.

1.5 Organization of this document

The remaining chapters and appendices of this business case report cover all major topics and components
of a proper business case as described above. The chapters of the report body are organized as follows.

e A high-level description of the analysis methodology used to evaluate the costs and benefits of the ITS
infrastructure and strategies deployed in the Orlando Urban Area is provided in Chapter 2. Additional
details are available in Appendices B and C.

e Analysis results are provided in Chapter 3, which include an evaluation of system benefits, system costs,
and benefit/cost ratios. Results are separated by jurisdiction and by strategy type where available.
Additional details are available in Appendix D.

e A sensitivity analysis is provided in Chapter 4, which explores the sensitivity of the findings of Chapter 3
with respect to six different alternative analysis assumptions and sets of parameter values. Additional
details are available in Appendix D.

e A summary of conclusions and next steps is provided in Chapter 5.

The four report appendices provide additional details and data associated with the above core document
chapters and topics. The organization of the appendix materials is as follows.

o An overview of all relevant equipment inventory data, source traffic data, roadway characteristics,
population data, fleet data, and other referenced input data is provided in Appendix A.

e Building upon the content of Chapter 3, additional specifics, procedural details, parameter values,
intermediate analysis results, and assumptions associated with the benefit analysis are provided in
Appendix B.

e Expanding upon the content of Chapter 3, additional specifics, procedural details, parameter values,
intermediate analysis results, and assumptions associated with the cost analysis are provided in
Appendix C.

e To supplement the results presented in Chapters 4 and 5, more detailed numbers and disaggregated
results associated with the baseline benefit/cost analysis and the six sensitivity analysis scenarios are
provided in Appendix D.
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2.0 Benefit-Cost Analysis Methodology

The approach taken for this analysis is to utilize the Tool for Operations Benefit/Cost (TOPS-BC),? which is a
tool developed by FHWA that offers reasonable estimates of the economic impacts and generalized
outcomes associated with various ITS.

TOPS-BC has the capacity to estimate benefits and costs associated with several types of common ITS
strategies using several representative parameter values informed by literature; outcomes associated with
other ITS strategies not explicitly covered in a module of TOPS-BC can be estimated as long as key benefit
and cost parameters are available (or assumed by the analyst). A sample of the module used to estimate the
ITS benefits for the MetroPlan ITS analysis is shown in Figure 2.1, where input parameters would be
specified in green cells, default input parameters provided in yellow cells (superseded by green cells when

provided), and calculated values in blue cells.

Figure 2.1 OPS-BC Input Sheet Example
800 TOPS-BC standard version 1.0.xlsm (Read-Only)
A Home Layout Tables Charts SmartArt Formulas Data Review
A B C D E F G H I ] K L M N o P Q s T u v w X Y AB | AC | AD | AE
1
2 Navigation FHWA Tool for Operations Benefit/Cost (TOPS-BC): Version 1.0
3 Back Estimate Benefits of TSM&O Strategies
4 OPENING SCREEN
5 GENERAL TOOL OVERVIEW Strategy: Traffic Incident Management
6 LIST OF ALL WORKSHEETS
z 1) INVESTIGATE IMPACTS Length of Analysis Period (Hours) 1
8 2) METHODS AND TOOLS
9 3) ESTIMATE COSTS
10 Traveler information Cost Infarmation
11 DMS
12 HAR
13 Pre-Trip Traveler Info 8 Link Facility Type [?
14 Traffic Signai Coordination Systems -% Baseline
15 Preset Timing E Link Length (Miles) 244 Override Baseline Improvement Change
16 Traffic Actuated B Total Number of Lanes ? 7 7 [
17 Central Control g Link Capacity (All Lanes - Per Perind] 15400 15400 15400 ]
18 Transit Signal Priority =
19 Ramp Metering Systems E Free Flow Speed (MPH] 65 55
20 Central Control
21 Traffic Actuated
22 Preset Timing Link Volume (Per Period) 9779 Baseline
23 Other Freeway Systems Override Baseline Improvement  Change
24 Traffic Incident Management ] Congested Speed 59.035 59.035 0.000
25 Other Strategies 5 Vehicles Miles Traveled (vMT) 23860.7600 23860.7600 0.0000
26 ATDM Speed Harmonization E vfc 0.6350 06350 0.0000
27 Employer Based Traveler Demand Mgmt. E Vehicle Hours of Travel 404.1801 404.1801 0.0000
28 ATDM Hard Shoulder Running z Incident Related Delay (hours) per vehicle per mile 0.000272767 0.000165706  -0.000107061
29 ATOM High Oceupancy Tall Lanes i Number of Fatality Crashes 157481E-06 141733606 157481607
30 Road Weather Management = Number of Injury Crashes 1.13649E-04 102284604 -1.13649E-05
31 Work Zone Number of Property Damage Only Crashes 1.472456-04 132520604  -1.47245E-05
32 Supporting Strategies Fuel consumption (Gallons) 1123.1754 1089.4802 -33.6953
33 Traffic Management Center
34 Laop Detection
35 etV Facility improvement models
36 Costs Summary Change in Capacity (%) % %
37 4) ESTIMATE BENEFITS Change in Speed (%) o% o
38 Parameters Change in @ of Lanes o o
39 Generic Link Model i

Summary of My Deplaymenss | TMPACT LOGKUF | ATMS - Signal Cod

For the analysis, TOPS-BC has been used in conjunction with detailed inventory and traffic data for each
corridor, as shown in Appendix A. The analysis is performed in the context of existing conditions in the
tri-county area. The following sections describe the methodology and assumptions associated with this

analysis approach. Additional detail regarding the benefit and cost analysis procedures, assumptions, and
inputs is provided in Appendix B and Appendix C.

2 Available from FHWA: http:/iwww.ops.fhwa.dot.gov/plandops/topsbctool/index.htm (accessed 10-19-2016).
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2.1  Geographic Scope of Analysis

Eight analysis corridors have been considered for this analysis, as shown in Figure 2.1. These corridors are
furthermore subdivided into analysis segments based on the locations of available traffic data. Each data
location corresponds to a separate analysis segment, defined by the midpoints between it and the nearest
neighboring data locations upstream and downstream on the corridor. Altogether, there are 326 directional
analysis segments across these eight corridors, with an average length of 1.5 miles each. Throughout this
report, the eight analysis corridors will be referred to using the labels A-H as indicated in the figure.

Two important exceptions to this geographic scope of analysis are the transit component and the limited
consideration of supplemental routes as described in Section 2.4. As a result of input data limitations, costs
and benefits for AVL and TSP are evaluated across all LYNX routes, and are not limited to the eight corridors
indicated in Figure 2.2.

Figure 2.2 Map of Analysis Corridors and Traffic Data Location
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2.2 Benefit Analysis

Benefits are calculated using a set of safety, mobility, and environmental impact parameters associated with
each of the broad improvement categories shown in Table 2.1. These impacts are then scaled down
according to the extent to which ITS has been deployed on a given corridor, such that a segment with
relatively little coverage is estimated to achieve a proportionally smaller level of benefit relative to
comparable segment with much more ITS infrastructure.

Table 2.1  Mapping of ITS Project Types to TOPS-BC Improvement Categories

TOPS-BC Improvement Category ITS Project Types Included

Signalization Improvements ¢ Signal Retiming Studies (arterials only)
e Coordinated Signal Control Systems (arterials only)

Incident Management Strategies e CCTV
e Emergency Vehicle Pre-emption (arterials only)
¢ Road Rangers Service Patrol (freeways only)

Travel Time System e On-road Traveler Information System (using DMSs)
e 511 Traveler Information System

Transit Strategies®  Transit Signal Priority
e Automatic Vehicle Location Service

These impact parameters are combined with basic traffic and roadway configuration details to obtain benefit
estimates from TOPS-BC in the following four categories:

* Monetized fuel savings across all strategies.
e Direct cost savings of incidents prevented (or reduced in severity).
e Monetized delay savings associated with incident management strategies.

e Monetized delay savings achieved through traveler information strategies associated with recurrent
congestion.

Finally, these quantities are aggregated across all hours of the day to obtain daily estimated benefits by
category for each segment, and scaled by a factor of 250 to obtain annual benefit estimates by segment and
improvement category. The overall TOPS-BC benefit estimation process is summarized in Figure 2.3.

% Note that this is not a TOPS-BC improvement category—rather, these calculations will be performed following the
procedure described in the subsequent transit benefits section.

Cambridge Systematics, Inc.
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Figure 2.3 Summary of Benefit Estimation Process for TOPS-BC

INPUTS ANALYSIS OUTPUTS

All Benefits are Monetized
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Crash-Related
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Improvement
Types and
aracteristi

Transit-Related
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= Extent of deployment
= Anticipated response
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2.2.1 Transit-Specific Benefit Analysis

Because the benefits associated with transit-specific strategies cannot be directly evaluated using the current
version of TOPS-BC, the procedure used to estimate these benefits was to assume a travel time savings of
10 seconds per transit passenger at each intersection equipped with TSP along a bus route, combined with
an assumed savings of 1 minute per trip as a result of fleet-wide AVL data. This AVL-related savings per trip
is based on an assumed overall savings of 4 minutes per trip when the system is used, and a further
assumption that 25% of riders use the system.

This 10-second TSP-related savings and 1-minute AVL savings is then scaled appropriately based on
statistics from LYNX, the Central Florida Transportation Authority, regarding ridership, passenger-miles
traveled, directional miles of bus routes, and the number of signalized intersections per route.

2.3 Cost Analysis

Costs are calculated by considering the individual capital, operating, maintenance, integration, and labor
expenses that are associated with each ITS strategy component, including both field equipment and
supporting systems (hardware and software). Non-recurring costs are amortized according to estimated
useful life of each component, and combined with annual estimates for other costs to obtain annualized
estimates that are suitable for comparison to the estimated annual benefits described in the preceding
section.

Table 2.2 indicates the different cost components taken into consideration for each ITS strategy. These costs
are then consolidated into suitable improvement categories for more concise reporting as shown in
Table 2.3. The overall TOPS-BC cost estimation process is summarized in Figure 2.4.

Cambridge Systematics, Inc.
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Table 2.2  Component Summary by ITS System
Direct Cost Components Indirect Cost Components
ITS System (per Field Deployment) (e.g., Integration, Monitoring)
CCTV Video camera Hardware/software for central

Ramp Meters

DMS Traveler Information

511 Traveler Information System

Fiber Optic

Centralized Traffic Signal Control

Road Rangers Service Patrol

Emergency Vehicle Preemption

Transit Signal Priority

Automatic Vehicle Location System

TMC General Functions

Camera pole

Ramp meter signal/controller
Loop detectors (two)
Communication line

Changeable message sign
Support structure
Communication line

None

Installation of physical cable
Capital cost of physical cable

Signal Controller
Communication Line
Loop Detectors (2)

Incident response vehicle
Incident response labor (driver)
Communication line

Vehicle Hardware

Signal Preemption Processor

Cell Based Communications
Equipment

Onboard equipment

TMC facility operations
TMC facility capital cost

Labor (supervisors, operators,
general staff)

CCTV monitoring
System integration

TMC hardware for freeway control
TMC software/integration

Labor

TMC hardware and software for
information dissemination

TMC system integration

Information Dissemination
Hardware, Software, Integration,
Labor

Transit Center Hardware, Software,
Integration, Labor

Communication Lines

Information Service Center
Hardware, Software, Integration,
Labor

Map Database Software

None

Linked Signal System LAN

TMC Hardware for Signal Control
TMC Software/System Integration
Labor

Video monitors/wall for incident
detection

TMC incident response
hardware/software

TMC system integration
TMC labor

Emergency management center
hardware and software

Emergency response labor
Communication line

Intersection Hardware

Signal Preemption Receiver
Signal Controller Upgrade
Telecommunications (low usage)

Central system

Not Applicable

Cambridge Systematics, Inc.
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Table 2.3  Projects included in each Cost Category

Cost Category Included Project Types

Signalization Improvements Fiber Interconnects/Communications, Signal Timing Studies, Coordinated
Signal Control, Ramp Meters

Incident Management Emergency Vehicle Preemption, CCTV Cameras, Road Rangers

Travel Time System Dynamic Message Signs, 511 Automated Traveler Information Service

Transit Improvements Transit Signal Priority, Automatic Vehicle Location system

Figure 2.4 Summary of cost estimation process for TOPS-BC

INPUTS ANALYSIS OUTPUTS

All Costs are Annualized
Inventory of * Equipment counts \ Transit-
« Equipment locations Oriented
* Support systems \ / Strategy Costs
Capital and Initial costs, including: l-_l Traveler
Installation * Per-unit costs Information
Costs - System-wide costs _ \ | J System Costs
Operations and | Ongoing costs, including: I | ( o3 | Signalization
intenan * Per-unit costs ﬁ' Improvements
Costs * System-wide costs F | Costs
Useful Life Estimated useful life ‘ | Incident
RS0 until replacement is ﬁ' Management
needed, by component \ J Costs

2.3.1 Distributed Costs and Geographic Scope

In pursuit of a balanced comparison of costs and benefits across the same cross-section of the ITS deployed
in the Orlando Urban Area, this cost analysis only considers the ITS investments and strategies deployed on
the eight corridors for which traffic data were available (see Figure 2.2). For costs that are widely distributed
across the region, such as those for TMCs or centralized monitoring systems, the associated costs for those
systems and items are scaled to reflect the fact that these eight corridors comprise only a fraction of the full
coverage areas. Two notable exceptions to this approach for distributed system costs are noted below.

e Transit Strategies: Because transit strategy benefits are evaluated across the full LYNX route network,
the costs for AVL and TSP are calculated all vehicles and routes rather than just the subset that use the
eight corridors shown in Figure 2.2.

e Emergency Vehicle Preemption: As a result of input data limitations, the cost of equipping the vehicles
of emergency responders will consider all responder vehicles in each county, rather than just the subset
of those that routinely operate on the eight corridors being evaluated—a highly conservative assumption.
This calculated total fleet size of responder vehicles will then be scaled according to the assumed
deployment rate for EVP (refer to section B.3.1).

Cambridge Systematics, Inc.
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2.4  Off-Network Benefits and Costs

Additional benefits and costs associated with adaptive traffic control systems (ATCS) and traveler
information systems are also known to be available on other routes in the Orlando Urban Area in addition to
those shown in Figure 2.2. These additional routes are shown below in Figure 2.5.

Figure 2.5. Off-Network Routes with Known ITS Investments
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However, due to a lack of available detailed contextual data for these other routes (e.g., detailed volume
data, roadway data, ITS infrastructure/inventory data), they have not been included in the core analysis of
benefits and costs. Instead, the supplemental benefits and costs associated with these extra routes are
extrapolated from the core analysis results for the routes in Figure 2.2, based on average benefits per mile
and average costs per mile for signalization improvements and traveler information systems. In the case of
the extra corridors with Traveler Information System (511) investments shown in Figure 2.5, specific cost
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data were available, and so they have been used in place of extrapolated costs from the core corridor
analysis. These additional benefits and costs are then combined with the results of the core analysis to
provide a more complete assessment of the value of ITS investment in the region.

Cambridge Systematics, Inc.
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3.0 Analysis Results

3.1 Benefits

The results of the benefit analysis are summarized in Table 3.1. To control for the fact that some jurisdictions
are larger than others and/or have longer corridor extents, and would therefore be expected to have more
substantial benefits than the shorter ones, Table 3.1 also reports the estimated benefits on a per-mile basis.
A detailed breakdown of benefits by corridor is provided in Appendix D.

Table 3.1  Annualized Benefits Summary by Category and Jurisdiction

Arterial Annual  Freeway Annual

Benefit Category Benefit Benefit Total Benefit Per-Mile Benefit
All Counties

Delay Savings Associated with

Recurrent Congestion $787,086 $0 $787,086 $4,991

Incident Management. Delay $11,532,532 $9,431,687 $20,964,220 $132,937

Savings

Incident Management: Crash

Reduction Benefits $22,846,663 $10,160,605 $33,007,268 $209,304

All Strategies: Fuel Savings $7,107,765 $4,196,285 $11,304,050 $71,681

Transit Delay Savings $4,239,291 $0 $4,239,291 $2,033

Total Benefits $46,513,337 $23,788,577 $70,301,914 $420,947

Orange County
Delay Savings Associated with

Recurrent Congestion $495,702 $0 $495,702 $5,324
Incident Management: Delay $4,456,866 $5,562,137 $10,019,004 $107,604
Savings

Incident Management: Crash

Reduction Benefits $8,371,950 $5,583,557 $13,955,507 $149,882
All Strategies: Fuel Savings $4,462,755 $2,304,495 $6,767,250 $72,680
Transit Delay Savings $3,013,982 $0 $3,013,982 $1,815
Total Benefits $20,801,255 $13,450,189 $34,251,444 $337,304

Seminole County

Delay Savings Associated with

Recurrent Congestion $189,381 $0 $189,381 $4,994
Incident Management: Delay $6,845,658 $3,412,247 $10,257,905 $270,514
Savings

Incident Management: Crash

Reduction Benefits $8,199,575 $3,706,585 $11,906,160 $313,981
All Strategies: Fuel Savings $1,699,372 $1,531,418 $3,230,790 $85,200
Transit Delay Savings $689,775 $0 $689,775 $4,058
Total Benefits $17,623,761 $8,650,250 $26,274,011 $678,747
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Arterial Annual Freeway Annual
Benefit Category Benefit Benefit Total Benefit Per-Mile Benefit

Osceola County

Delay Savings Associated with

Recurrent Congestion $102,003 $0 $102,003 $3,825
Incident Management: Delay $230,009 $457,303 $687,312 $25,771
Savings

Incident Management: Crash

Reduction Benefits $6,275,138 $870,463 $7,145,601 $267,927
All Strategies: Fuel Savings $945,638 $360,372 $1,306,010 $48,969
Transit Delay Savings $535,534 $0 $535,534 $2,108
Total Benefits $8,088,322 $1,688,138 $9,776,460 $348,600

Based on the total benefits reported for each corridor in Table 3.1, the overall annual monetized benefit
associated with ITS investments in the Orlando Urban Area is $70.3 million, or $421k per mile. Of this,
approximately $21.8 million (or 31% of the total) is a result of delay savings, $33.0 million (47%) is a result of
crash-related savings (damage and injury costs), $11.3 million (16%) is a result of annual fuel savings, and
$4.2 million (6%) is captured by bus passengers through the transit strategies. The delay savings category
includes the combined benefits for:

e Traveler information strategies associated with recurrent congestion, and

¢ Incident management strategies associated with non-recurrent congestion.

3.2 Costs

Annualized costs for each ITS category are summarized by jurisdiction in Table 3.1, with detailed results by
corridor provided in the appendix. TMC costs have been split among the different cost categories according
to the distribution of all other costs among these categories.

Table 3.2  Annualized Cost Summary by Category and Jurisdiction

Freeway Annual Per-Mile Annual
Cost Category Arterial Annual Cost Cost Total Annual Cost Cost
All Counties

Signal Improvements $5,288,471 $1,815,550 $7,104,021 $45,048
Incident Management $847,734 $1,966,894 $2,814,628 $17,848
Travel Time System $904,596 $398,392 $1,302,989 $8,262
Transit Strategies $2,531,136 $0 $2,531,136 $1,214
Total Annualized Cost $9,571,937 $4,180,836 $13,752,773 $72,372
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Freeway Annual Per-Mile Annual
Cost Category Arterial Annual Cost Cost Total Annual Cost Cost

Orange County

Signal Improvements $2,949,153 $1,373,909 $4,323,061 $46,430
Incident Management $349,200 $998,592 $1,347,793 $14,475
Travel Time System $578,040 $212,805 $790,845 $8,494
Transit Strategies $1,982,119 $0 $1,982,119 $1,193
Total Annualized Cost $5,858,512 $2,585,306 $8,443,818 $70,592

Seminole County

Signal Improvements $1,606,324 $441,641 $2,047,966 $54,008
Incident Management $335,987 $649,841 $985,828 $25,998
Travel Time System $263,351 $161,412 $424,763 $11,202
Transit Strategies $254,562 $0 $254,562 $1,497
Total Annualized Cost $2,460,224 $1,252,894 $3,713,119 $92,704

Osceola County

Signal Improvements $732,994 $0 $732,994 $27,484
Incident Management $162,547 $318,460 $481,007 $18,036
Travel Time System $63,206 $24,175 $87,381 $3,276
Transit Strategies $294,455 $0 $294,455 $1,159
Total Annualized Cost $1,253,201 $342,635 $1,595,837 $49,955

Based on the total annual costs indicated for each corridor in Table 3.2, the overall annual cost associated
with ITS investments in the Orlando Urban Area is $13.8 million, or $72k per mile. Of these costs,
approximately $7.1 million (or 52% of the total) is associated with signalization improvements, $2.8 million
(20%) is related to incident management, $1.3 million (10%) is attributed to travel time information systems,
and $2.5 million (18%) is invested in transit improvements.

3.3 Benefit-Cost Ratios

Merging the cost and benefit analyses provides greater insight into the economic performance and value of
the ITS investments in the Orlando Urban Area. Specifically, given an annual benefit of approximately

$70.3 million to the traveling public across all corridors and jurisdictions, combined with a corresponding
annual cost of $13.8 million specifically for the strategies analyzed, this indicates an overall benefit-cost ratio
of 5.11 to 1. Put another way, every $1.00 invested in ITS in the Orlando Urban Area generates more than
$5.11 in benefits for users of those facilities. Alternatively, a decision not to fund these strategies could be
expected to result in a net loss to the public of $56.5 million annually.

Figure 3.1, Figure 3.2, Figure 3.3, and Figure 3.4 summarize the overall benefit/cost analysis results by
improvement category/type. When interpreting these results, it is important to recognize that benefits are
only fully achieved when all parts of the system are effectively engaged together, rather than operated in
isolation. The results of the benefit/cost analysis show that the benefits obtained from the system are
generally concentrated on the more congested segments, which is expected given that delay reductions and
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other benefits cannot occur on a segment that has no performance issues to begin with. This also suggests
that as congestion inevitably continues to grow in the future, the benefits of these ITS investments will

increase as long as steady investment in the system continues.

Benefit-cost ratios are provided in Table 3.3 separately for arterials and freeways in each jurisdiction, where
transit strategies are included in the arterial category.

Table 3.3  Benefits and Costs by Roadway Type and Jurisdiction

Benefit Category

Annual Benefit

Annual Cost

Benefit-Cost Ratio

Arterials

Freeways

Arterials

Freeways

Arterials

Freeways

Arterials

Freeways

All Counties
$46,513,337
$23,788,577
Orange County
$20,801,255
$13,450,189
Seminole County

$17,623,761
$8,650,250
Osceola County
$8,088,322
$1,688,138

$9,571,937
$4,180,836

$5,858,512
$2,585,306

$2,460,224
$1,252,894

$1,253,201
$342,635

4.86t01
5.69t0 1

355101
52t01

7.16t01
69to1l

6.45t0 1
493to1
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Figure 3.1 Summary of Benefit-Cost Analysis results for All Counties
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Figure 3.2 Summary of Benefit-Cost Analysis Results for Orange County
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Figure 3.3 Summary of Benefit-Cost Analysis Results for Seminole County
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Figure 3.4 Summary of Benefit-Cost Analysis Results for Osceola County

Each circle
represents a
value of $1 million

Annualized Annualized
@ Delay Savings: {ﬁ} Transit-Oriented Strategies:
$789,315 == | $204,455
@ Fuel Consumption Savings: Traveler Information Systems:
$1,306,010 $87,381
ﬂ Crash-Related Cost Savings: Signalization Improvements:
~o) $7,145,601 $732,994

f-E-‘ Transit-Related Delay Savings: Incident Management:
=] $535,534 $481,007

Total: Total:
.0
$9 776,460 » m « $1.595,837
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4.0 Sensitivity Analysis

To examine the effects of uncertainty associated with key assumptions made as part of this benefit/cost
analysis, the calculations of Chapter 3 have been repeated using several alternate sets of parameters, with
the subsequent results for each of those alternatives presented here as part of a benefit-cost sensitivity
analysis. Six analysis alternatives (plus the baseline scenario) were examined altogether, as summarized in
Table 4.1.

Table 4.1  Scenarios Examined as Part of the Sensitivity Analysis

Sensitivity Analysis Scenario Description

Baseline Analysis Uses all analysis assumptions and parameter values as
described previously.

Signalization Improvements Capacity-related gains associated with signalization
improvements reduced by 20% (i.e., 8% instead of 10%).

Incident Management Crash rate benefits associated with incident management
strategies reduced by 20% (i.e., 8% instead of 10%).

Travel Time System Breadth Amount of time that useful information is disseminated by travel
time systems is reduced by 20% (i.e., 16% instead of 20%).

Travel Time System Effectiveness Travel time savings provided by travel time systems is reduced
by 20% (i.e., 4 minutes instead of 5 minutes).

Value of Time Value of time reduced by 20% across all vehicle classes.

Fuel Costs Fuel costs reduced by 20% across all vehicle classes.

The results of the sensitivity analyses are summarized by jurisdiction in Table 4.2. It is important to note that
the sensitivity analyses have been performed for the core analysis network only (i.e., the corridors in

Figure 2.2), and do not also include the supplemental benefit and cost calculations associated with the extra
routes (i.e., those shown in Figure 2.5). As the overall purpose of the sensitivity analysis scenarios is to
evaluate the relative impacts of various changes to the input assumptions, and given that the supplemental
benefit and cost calculations are largely extrapolations of the core analysis results, it is not necessary to
include the supplemental benefit and cost estimates in these scenarios.

In each case, the first alternative represents the cost/benefit analysis with the standard assumptions
described in Chapter 2, and therefore functions as the baseline against which all other scenarios are
compared. The table also indicates the percentage drop in total benefits relative to the baseline scenario,
and an updated benefit/cost ratio. A detailed breakdown of scenario results by corridor is provided in
Appendix D.

Table 4.2  Summary of Annualized Costs and Benefits for each Sensitivity
Analysis Scenario

Sensitivity Total Annual Reduction in Total Annual Benefit-Cost
Analysis Benefits* Annual Benefit Cost* Ratio*

All Counties Combined

Baseline Analysis $68,890,967 N/A $13,216,618 52t01

Cambridge Systematics, Inc.
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Sensitivity Total Annual Reduction in Total Annual Benefit-Cost
Analysis Benefits* Annual Benefit Cost* Ratio*
Signalization Improvements $68,727,604 0% $13,216,618 52t01
Incident Management $62,892,948 9% $13,216,618 48to1l
Travel Time System Breadth $65,744,338 5% $13,216,618 5t01
Travel Time System Effectiveness $65,756,272 5% $13,216,618 5to1
Value of Time $63,895,898 % $13,216,618 48to1
Fuel Costs $66,201,356 4% $13,216,618 5t01
Orange County
Baseline Analysis* $33,041,085 N/A $7,978,694 41to1
Signalization Improvements $32,932,835 0% $7,978,694 41to1
Incident Management $30,653,702 7% $7,978,694 38tol
Travel Time System Breadth $31,611,874 4% $7,978,694 4t01
Travel Time System Effectiveness $31,611,874 4% $7,978,694 4t01
Value of Time $30,498,978 8% $7,978,694 38tol
Fuel Costs $31,261,890 5% $7,978,694 39to1
Seminole County
Baseline Analysis* $26,251,913 N/A $3,705,293 71t01
Signalization Improvements $26,216,391 0% $3,705,293 71t01
Incident Management $23,959,577 9% $3,705,293 6.5t01
Travel Time System Breadth $24,602,993 6% $3,705,293 6.6t01
Travel Time System Effectiveness $24,614,165 6% $3,705,293 6.6t01
Value of Time $24,028,420 8% $3,705,293 6.5t01
Fuel Costs $25,603,825 2% $3,705,293 69to1
Osceola County

Baseline Analysis* $9,597,969 N/A $1,532,631 6.3t01
Signalization Improvements $9,578,378 0% $1,532,631 6.2t01
Incident Management $8,279,670 14% $1,532,631 5.4t01
Travel Time System Breadth $9,529,471 1% $1,532,631 6.2t01
Travel Time System Effectiveness $9,530,233 1% $1,532,631 6.2t01
Value of Time $9,368,500 2% $1,532,631 6.1to1
Fuel Costs $9,335,642 3% $1,532,631 6.1to1

*Excludes supplemental results associated with off-network extrapolated benefits and costs.

4.1 Interpretation of Results

With respect to the six sensitivity analyses performed and presented in this chapter, none of the scenarios
resulted in a decrease in benefits of more than 10% on overall benefits for ITS strategies in the Orlando

Urban Area, with most having an impact of 5% or less. Even in the Incident Management sensitivity analysis
scenario, which had the largest impact on benefits overall, the net annual gain across all ITS strategies was

Cambridge Systematics, Inc.
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$49.7 million, yielding a benefit/cost ratio in excess of 4:1. This shows a resilience of the findings with
respect to the benefits and value of ITS in the MetroPlan region, even when subjected to levels of uncertainty
associated with the precise levels of benefit associated with any one given type of strategy.

Each scenario in this analysis is intended to be compared to the baseline results shown in the first row of
Table 4.2. This is by design, as the primary objective of this sensitivity analysis was to provide insight into the
extent to which the results of this benefit analysis depend on the specific input parameters that were
selected. In all of the scenarios examined, a double-digit percent change in the input parameters resulted in
only a single-digit percent change in the estimated level of overall benefit across the counties, showing that
the results are relatively stable and not highly influenced by the parameter values that have been used.

Looking at the impacts between individual counties, Orange County exhibited a relatively high sensitivity to
the adjustments of the Fuel Costs scenario compared to the other counties, while showing relatively low
sensitivity to the adjustments of the Incident Management Scenario. This is as expected, given that fuel
savings constitute a larger proportion of the overall benefits for Orange County than they do for either of the
other two counties, while incident-related delay and crash savings constitute a relatively small portion
compared to the other two counties (see Table D.3).

Similarly, Seminole County exhibited a relatively low sensitivity to the Fuel Costs scenario, which again
reflects the fact that fuel costs comprise a relatively small proportion of the overall benefits to Seminole
County, compared to Osceola and Orange Counties (see Table D.3). However, Seminole County also shows
a relatively high sensitivity to the two travel time scenarios, which may be explained by the relatively high
level of coverage for that strategy in Seminole County compared to the other two counties (see Table B.3).

Finally, Osceola County exhibits a relatively high sensitivity to the incident management scenario and a
relatively low sensitivity to the travel time scenario. This high sensitivity to the incident management impact
factors may be explained by the fact that Osceola County’s crash-related benefit (which is the benefit
category that is most directly connected to crash rate) constitutes 74% of its total benefits (see Table D.3),
whereas this percentage is far lower for the other two counties (i.e., 42% and 45%). The low sensitivity to the
travel time scenario in Osceola County may be explained by the low coverage rate of travel time information
systems in Osceola County compared to the other two (see Table B.3), which corresponds to a relatively low
contribution of that strategy type to the overall benefits in that county.

Cambridge Systematics, Inc.
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5.0 Conclusions and Next Steps

This business case analysis used a nationally recognized benefit/cost estimation tool from FHWA, informed
by years of research projects and empirical data from leading studies across the country, and applied it to
detailed ITS inventory/deployment data and traffic/roadway configuration data from the Orlando Urban Area
to obtain reliable estimates of overall ITS-related benefits and costs throughout the region and by county.
Impact parameters were tailored to each of the 326 analysis segments according to their specific
characteristics, and benefits for each segment were estimated using high-fidelity hourly volume data to
achieve the highest level of analysis precision possible.

Across all counties and all analysis scenarios, the ITS strategies deployed in the Orlando Urban Area
consistently demonstrated a significant value across several categories, including fuel savings, time/delay
savings, crash injury/damage cost savings, and improved transit performance/efficiency. The analysis
revealed a regionwide annual benefit of $70.3 million against a cost of $13.8 million, for a benefit-cost ratio of
5.1to 1.

The benefits were well distributed across the region, with all three counties shown to benefit substantially
from their respective ITS investments across these categories. Specifically, Orange County benefits the most
from ITS strategies in terms of absolute dollar amounts, with a countywide benefit of $34.3 million annually
compared to $26.3 million for Seminole County and $9.8 million for Osceola County. Normalizing these
benefits by mileage, Seminole County exhibits the highest dollar value of annual benefits per mile at $678k,
compared to $337k per mile in Orange County and $349k per mile in Osceola County. From a cost
perspective, Osceola was the most efficient with an estimated per-mile rate of $50k for all ITS strategies
combined, compared to $71k per mile in Orange County and $93k per mile in Seminole County. Bringing
together the benefit and cost results by county, the benefit-cost ratio is found to be highest for Seminole
County at 7.3 to 1, compared to 7.0 to 1 for Osceola County and 4.8 to 1 for Orange County.

These findings were found to be resilient even when subjected to double-digit levels of uncertainty regarding
the input parameters used to produce these results, as demonstrated by the outcomes of the sensitivity
analysis scenarios. Across a set of six scenarios designed to examine the effects of reasonable ranges of

uncertainty associated with several key analysis parameters, the net benefit was always at least $49 million
per year, resulting in benefit-cost ratios well in excess of 4:1 in all cases.

5.1 Near-Term ITS Opportunities

Moving forward, there are a number of emerging ITS technology trends that MetroPlan can be expected to
benefit from in the near term. These will impact TSMO functions and operations in a number of ways, and
include:

e Performance-based planning and management

e Advanced traffic management

e Integrated corridor management

o Emerging vehicle technologies, including zero-emissions vehicles

e Changing roles of transportation data

Cambridge Systematics, Inc.
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e Changing roles of traveler information
e Finance and payment options
e Connected and automated vehicle opportunities

More information about each of these items is available in a separate technical memo, Next Steps for the
MetroPlan Orlando ITS Master Plan.

Cambridge Systematics, Inc.
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Appendix A.  Inventory Data and Other Analysis Inputs

This chapter contains the input data and reference information required to support the benefit and cost
calculations of this analysis. These include:

Roadway configuration data (i.e., number of lanes, free flow speed, analysis segment lengths)
e Traffic data (i.e., volume data)

e |TS equipment inventory data by corridor

e Emergency Vehicle fleet size estimates

e Transit network and fleet size data
A.1  Roadway Configuration Data

High-level roadway characteristics for the analysis segments are summarized in Table A.1. Detailed roadway
characteristics and traffic characteristics by segment are provided in the next section.

Table A.1 Roadway Characteristics by Corridor and Jurisdiction

Corridor
Characteristic A B C D E F G H
All Counties
Length (miles) 37.07 4498 3575 16.93 22.64 9.40 26.67 46.69
Analysis segment type (F = Freeway, A = Arterial) A A F A A A A F
Number of major junctions 9 6 4 7 6 3 6 14
Orange County
Length (miles) 37.07 4498 35.75 — 11.06 — — 24.67
Analysis segment type (F = Freeway, A = Arterial) A A F — A — — F
Number of major junctions 9 6 4 — 3 — — 7
Seminole County
Length (miles) — — — 1693 1159 940 — 14.14
Analysis segment type (F = Freeway, A = Arterial) — — — A A A — F
Number of major junctions — — — 7 3 3 — 5
Osceola County
Length (miles) — — — — — — 26.67 7.89
Analysis segment type (F = Freeway, A = Arterial) — — — — — — A F
Number of major junctions — — — — — — 6 2

A dash (—) indicates that a segment was not analyzed in that county due to various factors, including lack of available data.
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A.2 Traffic Characteristics

Table A.2 through Table A.25 provide hourly estimates for traffic volumes at various mileposts along each of
the eight analysis corridors, along with basic configuration data for each of the corresponding segments. The
lane counts used for each analysis segment are based on the lane count measured at the segment midpoint,
and are obtained from FDOT GIS files.* Free-flow speeds have been calculated analogously, using a
different set of FDOT GIS files.®

Most data locations along the eight corridors had only daily volume estimates available. To separate these
AADT data provided at most measurement locations into hourly counts, typical daily traffic distributions were
estimated using hourly data from all available locations along each corridor that already had data
disaggregated at this level. If no locations along a particular corridor had hourly data available, the nearest
hourly data source on an adjacent parallel corridor was used instead (note that this is simply to establish the
relative volume distribution throughout the day).

4 FDOT Shapefile. Number of Lanes. October 15, 2016. ftp://ftp.dot.state.fl.us/fdot/co/planning/transtat/gis/
TRANSTAT_metadata/number_of_lanes.shp.xml (accessed 10-18-16).

5 FDOT Shapefile. Maximum Roadway Speed. October 15, 2016. ftp://ftp.dot.state.fl.us/fdot/co/planning/transtat/gis/
TRANSTAT_metadata/maxspeed.shp.xml (accessed 10-18-16).
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Table A.2 Roadway and Traffic Characteristics for Corridor A Northbound (Segments 1-16)
Corridor A Analysis Segments

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Start Milepost 0.00 0.57 215 4.05 5.51 6.68 8.76 10.98 12.05 1289 13.72 1434 1470 15.02 1574 17.69
End Milepost 0.57 2.15 405 551 6.68 8.76 10.98 12.05 1289 13.72 1434 1470 1502 1574 17.69 19.75
Length (mi) 0.57 1.57 191 145 1.17 2.08 2.22 1.08 0.83 0.83 0.62 0.37 0.32 0.72 1.95 2.06
Number of Lanes 3 3 3 3 3 3 3 2 2 2 2 2 2 2 2 2
Free Flow Speed (mph) 55 55 55 50 45 40 40 35 35 35 35 40 40 40 40 45

Hourly Volumes

12-1 AM 360 456 624 552 720 654 642 273 299 362 266 282 280 286 269 196
1-2 AM 195 247 338 299 391 358 361 155 171 210 155 165 165 169 161 121
2-3 AM 123 156 214 189 247 230 240 105 117 145 109 117 117 120 116 91
3-4 AM 89 113 154 137 178 168 180 80 90 112 85 91 91 95 92 75
4-5 AM 115 146 199 176 230 215 227 100 112 139 104 112 112 116 112 89
5-6 AM 243 307 420 372 485 451 471 207 230 285 213 228 228 236 227 178
6-7 AM 496 628 859 760 992 923 965 424 472 584 437 469 469 485 467 368
7-8 AM 722 914 1251 1106 1443 1356 1452 645 722 901 679 731 732 759 737 594
8-9 AM 835 1058 1448 1281 1671 1566 1667 738 825 1028 773 832 832 862 836 670
9-10 AM 869 1101 1506 1332 1738 1616 1685 739 822 1018 761 816 816 843 812 637
10-11 AM 872 1105 1512 1338 1745 1623 1693 743 826 1023 765 820 820 847 816 641
11-Noon 866 1096 1500 1327 1731 1617 1708 753 841 1045 784 842 842 872 843 670
Noon-1 PM 855 1083 1481 1310 1709 1601 1704 754 843 1050 789 849 850 880 854 683
1-2 PM 849 1075 1472 1302 1698 1593 1700 754 844 1052 791 852 852 883 858 688
2-3PM 863 1093 1495 1323 1725 1619 1731 768 860 1072 807 869 869 901 875 704
3-4 PM 898 1138 1557 1377 1796 1690 1816 808 905 1130 852 918 919 953 927 749
4-5 PM 934 1183 1619 1432 1868 1757 1888 840 941 1176 886 954 956 991 964 779
5-6 PM 956 1211 1658 1466 1913 1795 1916 850 951 1186 892 960 961 996 967 77
6-7 PM 845 1071 1466 1296 1691 1587 1697 753 843 1051 791 852 853 884 859 690
7-8 PM 726 920 1259 1114 1452 1358 1437 634 708 880 661 710 711 736 712 567
8-9 PM 632 800 1095 968 1263 1176 1233 542 604 748 560 601 601 621 599 473
9-10 PM 586 742 1015 898 1171 1087 1128 494 549 678 507 543 542 560 538 420
10-11 PM 556 704 963 852 1112 1022 1034 447 493 604 449 478 477 490 467 354
11-Midnight 515 653 893 790 1031 938 923 393 431 522 385 407 405 414 390 284
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Table A.3

Roadway and Traffic Characteristics for Corridor A Northbound (Segments 17-29)

Corridor A Analysis Segments

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Start Milepost 19.75 20.89 2226 24.04 2525 2559 2586 2656 27.50 2853 31.27 3429 36.07 — — —
End Milepost 20.89 2226 24.04 2525 2559 2586 26.56 27.50 28,53 31.27 3429 36.07 37.07 — — —
Length (mi) 1.14 1.37 1.78 1.22 0.33 0.27 0.70 0.94 1.03 2.74 3.01 1.79 0.99 — — —
Number of Lanes 2 2 2 2 2 2 2 2 2 2 2 2 2 — — —
Free Flow Speed (mph) 55 55 55 45 35 35 45 45 45 55 55 55 55 — — —

Hourly Volumes

12-1 AM 213 229 216 306 264 229 236 229 194 160 208 208 201 — — —
1-2 AM 134 147 142 208 180 156 161 156 132 109 142 142 137 — — —
2-3 AM 103 114 114 172 149 129 133 129 109 90 117 117 113 — — —
3-4 AM 85 95 96 148 128 111 114 111 94 77 101 101 98 — — —
4-5 AM 101 113 113 171 148 129 132 129 109 90 117 117 113 — — —
5-6 AM 201 223 222 335 289 251 259 251 213 175 228 228 221 — — —
6-7 AM 415 461 459 693 599 520 536 520 441 362 473 473 457 — — —
7-8 AM 675 758 764 1171 1011 878 905 878 745 612 798 798 772 — — —
8-9 AM 760 851 856 1306 1128 980 1009 980 831 683 891 891 861 — — —
9-10 AM 718 797 793 1195 1032 896 923 896 760 625 815 815 787 — — —
10-11 AM 722 802 798 1202 1038 902 929 902 765 628 820 820 792 — — —
11-Noon 759 847 848 1289 1113 966 996 966 820 674 879 879 849 — — —
Noon-1 PM 775 868 872 1331 1150 998 1029 998 847 696 908 908 877 — — —
1-2PM 782 876 882 1349 1165 1012 1043 1012 859 705 920 920 889 — — —
2-3PM 800 896 903 1382 1194 1037 1068 1037 879 722 942 942 911 — — —
3-4 PM 853 958 967 1484 1282 1113 1147 1113 945 776 1012 1012 978 — — —
4-5 PM 887 996 1006 1543 1333 1158 1193 1158 982 807 1052 1052 1017 — — —
5-6 PM 883 989 996 1523 1315 1142 1177 1142 969 796 1039 1039 1004 — — —
6-7 PM 785 880 886 1357 1172 1017 1048 1017 863 709 925 925 894 — — —
7-8 PM 642 717 719 1094 944 820 845 820 696 572 746 746 721 — — —
8-9 PM 533 594 592 895 773 671 691 671 569 468 610 610 590 — — —
9-10 PM 472 524 519 780 674 585 603 585 496 408 532 532 514 — — —
10-11 PM 393 431 419 616 532 462 476 462 392 322 420 420 406 — — —
11-Midnight 310 334 317 450 388 337 348 337 286 235 307 307 296 — — —
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Table A.4 Roadway and Traffic Characteristics for Corridor B Eastbound (Segments 1-16)
Corridor B Analysis Segments

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Start Milepost 0.00 1.54 3.31 4.94 6.68 7.44 8.19 9.09 10.19 1145 13.72 1569 1599 16.30 16.95 17.59
End Milepost 1.54 3.31 4.94 6.68 7.44 8.19 9.09 10.19 1145 13.72 1569 1599 1630 16.95 1759 18.32
Length (mi) 1.54 1.77 1.63 1.74 0.77 0.74 0.90 111 1.25 2.27 1.98 0.30 0.30 0.65 0.64 0.73
Number of Lanes 3 2 3 2 2 2 2 3 3 3 2 2 2 2 2 2
Free Flow Speed (mph) 50 50 50 45 45 45 45 45 45 45 40 30 40 40 40 40

Hourly Volumes

12-1 AM 171 94 124 160 141 146 91 111 130 160 130 131 148 162 177 100
1-2 AM 116 64 83 107 94 97 61 74 86 106 86 86 97 106 116 65
2-3 AM 93 51 67 86 75 78 48 59 68 83 67 67 76 83 90 51
3-4 AM 109 60 78 98 85 87 54 65 74 90 70 70 80 86 93 52
4-5 AM 197 108 142 174 149 152 93 112 126 152 115 114 129 140 150 84
5-6 AM 511 281 368 450 385 393 240 288 324 389 292 291 328 354 379 212
6-7 AM 1155 636 833 1015 868 887 540 648 728 873 654 650 733 792 848 473
7-8 AM 1613 889 1163 1414 1208 1234 752 901 1010 1211 904 899 1013 1094 1170 653
8-9 AM 1631 899 1176 1430 1222 1248 760 911 1021 1223 913 908 1024 1105 1181 659
9-10 AM 1512 833 1090 1336 1145 1172 716 860 969 1166 881 878 990 1071 1149 642
10-11 AM 1467 808 1058 1305 1122 1149 704 848 959 1158 884 882 996 1079 1160 649
11-Noon 1544 851 1113 1376 1184 1214 744 897 1016 1228 941 940 1061 1150 1237 693
Noon-1 PM 1630 898 1175 1456 1254 1285 789 952 1079 1304 1002 1001 1130 1225 1319 739
1-2 PM 1601 882 1154 1434 1237 1269 780 941 1069 1295 1000 999 1128 1224 1319 740
2-3PM 1584 873 1142 1426 1233 1266 780 943 1074 1303 1013 1013 1144 1243 1342 753
3-4 PM 1676 924 1209 1514 1310 1346 830 1005 1147 1394 1089 1090 1231 1338 1446 812
4-5 PM 1671 921 1204 1521 1322 1361 842 1022 1173 1430 1130 1133 1280 1394 1511 850
5-6 PM 1641 904 1183 1497 1302 1340 830 1008 1157 1412 1118 1121 1267 1379 1495 841
6-7 PM 1387 764 1000 1265 1100 1132 701 851 977 1193 944 947 1070 1165 1263 710
7-8 PM 1045 576 753 955 831 856 531 645 741 905 719 721 815 888 963 542
8-9 PM 796 439 574 731 638 658 409 497 574 702 561 563 637 694 755 425
9-10 PM 618 340 445 571 500 515 321 391 453 555 447 449 508 554 603 340
10-11 PM 451 249 325 419 367 378 236 288 334 410 331 333 376 411 448 252
11-Midnight 280 154 202 261 229 237 148 181 210 259 211 212 240 262 286 161
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