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TECHNICAL MEMORANDUM

Executive Summary

The Town Branch Commons Corridor Project (TBCC) is a linear corridor that traverses (7) distinct transportation and community areas that will anchor the larger Town Branch Commons park system project, which anticipates an $80M public-private investment in downtown Lexington. This application includes transportation enhancements that provide the spine for a larger transformative project that will revitalize underutilized assets while leveraging the existing right of way. This TIGER project will activate Lexington's downtown corridor and link established and emerging neighborhoods and regional trail systems. Mobility enhancements include completing critical gaps in trail and pedestrian infrastructure, separating bicycle infrastructure from vehicles, improving pedestrian facilities, and constructing corridor safety improvements and traffic calming features. 

This document presents the technical report for the Benefit-Cost Analysis (BCA) performed in support of the Town Branch Commons Corridor Project (TBCC) “2016 TIGER Discretionary Grant Program” application (hereinafter called the Project).  The Project will be located in the City of Lexington in Fayette County, Kentucky. The Full Project was developed as a series of distinct sections comprised of Sections 3,4, 6, and 7, hereafter known as the Full Project. This is a scalable project, however. It is possible to remove Section 6 and still deliver independent utility. The reduced, scalable project that includes only Sections 3, 4, and 7. Sections1, 2, and 5 remain important components of the corridor but are not included in the potential TIGER project alternatives as they have been fully funded elsewhere. A BCA has been performed for both the alternatives; this document will present the BCA results of the Full Project, the methodologies used, and will discuss notable inputs. The final section of this technical memorandum presents the results of Scaled Project. The analysis for the Scaled Project used the same methods and inputs as the Tier 1 analysis. 
The methods used for the BCA follow the guidelines of the Notice of Funding Availability for the Department of Transportation’s National Infrastructure Investments Under the Consolidated Appropriations Act, 2016. Estimates of the expected benefits for the five long-term outcomes specified in the Notice of Funding Availability (NOFA) are presented for the full completion of the Project alternative cases against a baseline, which has been defined as a base case.  In this document, net benefits are estimated as the difference between the total costs in the base case and the alternative case, the Project.  All costs and benefits were discounted using both a 7 percent discount rate and a 3 percent discount rate as required by US DOT guidance.  
· Project Matrix 

Table 1 – Tier 1 Project Matrix
	Tier 1 – Complete Project:

	Current Status
	Changes to Baseline
	Type of Impacts
	Population Affected by Impacts
	Economic Benefit
	Summary of Results
	Page Reference in BCA

	Local commuters drive, carpool, etc. to work
	A modal shift to bicycle and pedestrian commuting
	Reduction in VMT
	In 2014, the Project Area had an estimated 13,466 commuters. From 2021-2050, there is expected to be between 14,379 and 19,889 commuters plus additional recreational users affected by the project.
	Reduced Vehicle Maintenance, Reduced Roadway Maintenance, Congestion Savings, Reduced Fuel Consumption, Reduced Emissions, Reduced Vehicle Crashes
	An estimated $3.1M in benefits over the 30-year project life
	Reduction in VMT, Page 15

	Disconnected bicycle and pedestrian Trails
	A 2.65-mile bicycle and pedestrian trail and associated complete streets project that connects existing regional network.
	An increase in total bicycle and pedestrian users and accessibility.  Increase experience for existing users.
	In 2014, the Project Area had an estimated 407 existing bicycle and 2,069 existing pedestrian users. From 2020-2049, new bicycle and pedestrian users are expected to be between 2,191 and 3,027
	Recreation, Health, and Mobility Benefits
	Quality of Life Benefits are difficult to quantify. Debated methodologies estimated to be $23.1M in benefits over the 30-year project life. 
*These were not included in the BCR calculation. 
	Quality of Life, Page 22

	Limited bicycle and pedestrian accessibility near homes
	Added trail amenities which will increase nearby home values
	Property Value premiums
	2,428 housing units within 0.25 miles of the project area 
	Quality of Life, Property Value Premiums
	Property Value premium benefits amount to $3.5M over the 30-year project life. 
	Property Value benefits, Page 22

	Cyclists and pedestrians are commuting near or on roadways
	The creation of an off-road multi-use path, intersection improvements, and crossings. 
	Decrease in crash costs for all users. 
	From 2011 to 2014, there were 1,149 PDO, 299 Injury, and 0 Fatal Crash near the Project Area.
	Safety Benefits 
	An estimated $49.1M million in benefits over the 30-year project life. 
	Safety Benefits, Page 26 


· BCA Results

The BCA score for the Tier 1 project was calculated at 3.3 using a 7% discount rate.  The net present value (NPV) of benefits totals $56.9 million. The NPV of project costs total $17.3 million and the NPV of federal costs total $16.0 million. The NPV of Net Benefits equals $39.6 million. For every federal dollar spent, the Project will yield $4.08 in project benefits. 

Net benefits are presented in a tabular form showing benefits in each year for the useful life of the Project. To compute the final BCA score, the benefits for each component of a defined alternative are combined and then compared to the costs of that alternative, including costs paid by state, local and private partners as well as those paid by the Federal government. The BCA utilizes a multitude of resources and methods to calculate benefits, which includes methods suggested by the National Cooperative Highway Research Program (NCRHP) Report 552: Guidelines for Analysis of Investments in Bicycle Facilities, as well additional data and research that has become available including methods for estimating benefits associated with reduced Vehicle Miles Traveled (VMT) and other transportation improvements. 
The NOFA recommends that the BCA estimate benefits based on the five long-term outcomes: State of Good Repair, Economic Competitiveness, Quality of Life, Environmental Sustainability, and Safety. These five benefits have been estimated under the without-project condition (base case) and under the with-project conditions (alternative case).  

Value of Travel Time Saving, Value of Emissions, Value of Life and Injuries, and Abbreviated Injury Scale (AIS) conversion figures were taken from the United States Department of Transportation (USDOT) recent Transportation Investment Generating Economic Recovery (TIGER) application resources update (http://www.dot.gov/tiger/guidance) as of March 2016). 
BCA Summary Table
Table 2 presents the BCA scores for the Project. The BCA scores are computed using the NPV of benefits and costs. Planning, Surveying, and Engineering (PS&E) costs and Construction costs were considered to occur from 2016-2019.  Benefits and Operations and Maintenance (O&M) costs are computed starting in 2020.  The Project’s residual value was applied as a negative cost in project year-30, or 2051. All costs and benefits were discounted to 2016 dollars using a 7 percent discount rate and a 3 percent discount rate as required by US DOT Guidance.
Table 2 - BCA Summary

Discounted Benefits and Costs
(Expressed in 2016 U.S. dollars over a 30 year life-cycle)
	Long-Term Outcomes
	Tier 1: Complete Project

	
	3%
	7%

	State of Good Repair
	$32,000
	$17,000

	Economic Competitiveness
	$5,623,000
	$3,088,000

	Quality of Life
	$4,034,000
	$3,464,000

	Environmental Sustainability
	$1,466,000
	$1,215,000

	Safety
	$86,896,000
	$49,071,000

	Total Benefits (Discounted)
	$98,051,000
	$56,855,000

	Undiscounted Costs 
	$11,994,000
	$11,994,000

	Total Costs (Discounted)
	$16,219,000
	$17,259,000

	Net Benefits
	$81,832,00
	$39,596,000

	BCA Score
	6.1
	3.3


Project Justification

The Project will accomplish mobility enhancements in the form of completing critical gaps in trail infrastructure, constructing separated bicycle infrastructure, improving pedestrian facilities, constructing ADA compliant intersection safety improvements, and introducing traffic calming measures. The Project addresses key transportation corridor needs through downtown Lexington, sets the stage for future development, and will extend and connect a regional transportation network of a rapidly growing community. The Project connects regional trails, parks, businesses, downtown attractions, hospitals, schools, transit stops, and residential areas of Lexington and the University of Kentucky, while providing benefits for all users. Many recent studies, including the Lexington Area Metropolitan Planning Organization Bicycle and Pedestrian Master Plan, have identified the need to develop a more complete system of multimodal roadway facilities and connect to and compliment a regional trail system in Lexington-Fayette. The Project also includes a linear park system that follows the historic path of the Town Branch Creek and modern-day Vine Street. It will connect a countywide trail system and transform downtown Lexington with complete streets and parks. 
Project Costs

PS&E and Construction Costs 

The Tier 1 total capital costs amount to $20.0 million, of which $7.4 million will be spent on PS&E costs and $12.6 million will be spent on construction.  These costs will be distributed from the 4th quarter of 2016 to the 4th quarter of 2019. Considering that full maintenance is applied to the project, a conservatively estimated residual value of $8.7 million is applied as a negative project cost in project year-30, or 2049. Residual value was calculated using the perpetual inventory method, and a 1.52% depreciation rate, as suggested by the Bureau of Economic Analysis. The total NPV of PS&E and Construction Costs amounts to $17.3 million. A detailed cost estimate is presented below in Table 3. 
Table 3 – Tier 1 Detailed Cost Estimate
	BUDGETARY COST ESTIMATE

	Design Phase

	 
	Description
	Unit
	Quantity
	Unit Price
	Extension

	 
	Engineering Design
	LS
	1
	1570000
	 $                     1,570,000.00 

	DESIGN SUBTOTAL:
	 $                  1,570,000.00 

	Right of Way Phase

	 
	Description
	Unit
	Quantity
	Unit Price
	Extension

	 
	Right of Way Acquisition
	LS
	1
	3950000
	 $                     3,950,000.00 

	RIGHT OF WAY SUBTOTAL:
	 $                  3,950,000.00 

	Utility Phase

	 
	Description
	Unit
	Quantity
	Unit Price
	Extension

	 
	Relocation
	LS
	1
	1875000
	 $                     1,875,000.00 

	UTILITY SUBTOTAL:
	 $                  1,875,000.00 

	Construction Phase

	Item No. 
	Description
	Unit
	Quantity
	Unit Price
	Extension

	INFRASTRUCTURE

	 
	C&G
	LF
	8,037
	23
	 $                        184,851.00 

	 
	LF CURB REMOVAL
	LF
	3,780
	13
	 $                          49,140.00 

	 
	SIDEWALK REMOVAL
	SY
	13,985
	6.5
	 $                          90,902.50 

	 
	MILL & RESURFACE
	SY
	22,452
	8.25
	 $                        185,229.00 

	 
	SW
	SY
	14,087
	63.09
	 $                        888,748.83 

	 
	BIKE PATH
	SY
	7,530
	170.32
	 $                     1,282,509.60 

	 
	PLANTED BUFFER
	SY
	1,403
	9
	 $                          12,627.00 

	 
	REALIGN VINE ST/MAIN ST INT
	LS
	1
	200000
	 $                        200,000.00 

	 
	GRAVITY RETAINING WALL
	SF
	7,632
	69
	 $                        526,608.00 

	 
	MIDBLOCK PED XING
	LS
	1
	700000
	 $                        700,000.00 

	 
	TRANSIT CENTER IMP.
	LS
	0
	0
	 $                                       -   

	 
	TRANSIT CENTER ELEC CHARGE
	LS
	0
	0
	 $                                       -   

	INFRASTRUCTURE SUBTOTAL:
	 $                  4,120,615.93 

	STORMWATER BMP

	 
	BIOSWALE
	SF
	2000
	45
	 $                          90,000.00 

	 
	BIOSWALE HEADER CURB
	LF
	0
	25
	 $                                       -   

	STORMWATER BMP SUBTOTAL:
	 $                        90,000.00 

	STRIPPING & SIGNAGE

	 
	4" THERMO
	LF
	62,830
	0.97
	 $                          60,945.10 

	 
	WAYFINDING SIGNS
	EACH
	8
	3000
	 $                          24,000.00 

	STRIPPING AND SIGNAGE SUBTOTAL:
	 $                        84,945.10 

	DRAINAGE

	 
	STORM DRAIN
	LF
	2530
	53.88
	 $                        136,316.40 

	 
	TYPE A (.5)
	EACH
	56
	4100
	 $                        229,600.00 

	 
	TYPE W (.5)
	EACH
	5
	8200
	 $                          41,000.00 

	 
	DBI
	EACH
	3
	2500
	 $                            7,500.00 

	DRAINAGE SUBTOTAL:
	 $                     414,416.40 

	SIGNALS

	 
	SIGNAL REBUILD/BIKE SIGNALS
	EACH
	6
	160000
	 $                        960,000.00 

	SIGNALS SUBTOTAL:
	 $                     960,000.00 

	STREETSCAPE /  FURNISHINGS

	 
	BENCHES
	EACH
	85
	2000
	 $                        170,000.00 

	 
	LIGHTING (LARGE)
	EACH
	87
	3500
	 $                        304,500.00 

	 
	LIGHTING (SMALL)
	EACH
	89
	1000
	 $                          89,000.00 

	 
	BIKE RACKS
	EACH
	87
	1500
	 $                        130,500.00 

	 
	TRASH RECEPTACLE
	EACH
	62
	2500
	 $                        155,000.00 

	 
	TREES
	EACH
	200
	800
	 $                        160,000.00 

	 
	DIFFUSE PAVERS
	SF
	12,050
	22
	 $                        265,100.00 

	 
	STANDARD PAVERS
	SF
	23,048
	9
	 $                        207,432.00 

	 
	ANGLE STONE WALL
	SF
	10450
	70
	 $                        731,500.00 

	SIGNALS SUBTOTAL:
	 $                  2,213,032.00 

	GENERAL

	 
	MOBILIZATION
	LS
	1
	 $                        472,980.57 
	 $                        472,980.57 

	 
	DEMOBILIZATION
	LS
	1
	 $                        394,150.47 
	 $                        394,150.47 

	 
	MAINTENANCE OF TRAFFIC
	LS
	1
	 $                        551,810.66 
	 $                        551,810.66 

	 
	EROSION CONTROL
	LS
	1
	 $                        394,150.47 
	 $                        394,150.47 

	GENERAL SUBTOTAL:
	 $                  1,813,092.17 

	 
	 

	CONSTRUCTION SUBTOTAL
	 $                  9,696,101.60 

	CONTINGENCY
	 $                  2,908,830.48 

	 
	 

	CONSTRUCTION TOTAL
	 $                12,604,932.08 

	TOTAL:
	 $                19,999,932.08 


Operation and Maintenance (O&M) Costs 

The Project’s NPV of costs also considers O&M costs, which begin occurring in 2020. 
Tier 1 O&M costs associated with the bicycle and pedestrian improvements amounts to between $28,000 and $31,000 per year.  The total NPV of O&M costs amounts to $271,000. A detailed cost breakdown of both capital and O&M costs in presented in Table 4. 
Table 4 – Tier 1 Lifecycle Costs
	Year
	PS&E
	Construction
	Capital Total
	Trail O&M
	Total
	Discounted Total Project Costs

	2016
	$5,520,000
	$0
	$5,520,000
	$0
	$5,520,000
	$5,520,000

	2017
	$1,875,000
	$0
	$1,875,000
	$0
	$1,875,000
	$1,752,000

	2018
	$0
	$6,302,000
	$6,302,000
	$0
	$6,302,000
	$5,505,000

	2019
	$0
	$6,302,000
	$6,302,000
	$0
	$6,302,000
	$5,145,000

	2020
	$0
	$0
	$0
	$31,000
	$31,000
	$23,000

	2021
	$0
	$0
	$0
	$28,000
	$28,000
	$20,000

	2022
	$0
	$0
	$0
	$28,000
	$28,000
	$19,000

	2023
	$0
	$0
	$0
	$28,000
	$28,000
	$17,000

	2024
	$0
	$0
	$0
	$28,000
	$28,000
	$16,000

	2025
	$0
	$0
	$0
	$31,000
	$31,000
	$17,000

	2026
	$0
	$0
	$0
	$28,000
	$28,000
	$14,000

	2027
	$0
	$0
	$0
	$28,000
	$28,000
	$13,000

	2028
	$0
	$0
	$0
	$28,000
	$28,000
	$12,000

	2029
	$0
	$0
	$0
	$28,000
	$28,000
	$12,000

	2030
	$0
	$0
	$0
	$31,000
	$31,000
	$12,000

	2031
	$0
	$0
	$0
	$28,000
	$28,000
	$10,000

	2032
	$0
	$0
	$0
	$28,000
	$28,000
	$9,000

	2033
	$0
	$0
	$0
	$28,000
	$28,000
	$9,000

	2034
	$0
	$0
	$0
	$28,000
	$28,000
	$8,000

	2035
	$0
	$0
	$0
	$31,000
	$31,000
	$8,000

	2036
	$0
	$0
	$0
	$28,000
	$28,000
	$7,000

	2037
	$0
	$0
	$0
	$28,000
	$28,000
	$7,000

	2038
	$0
	$0
	$0
	$28,000
	$28,000
	$6,000

	2039
	$0
	$0
	$0
	$28,000
	$28,000
	$6,000

	2040
	$0
	$0
	$0
	$31,000
	$31,000
	$6,000

	2041
	$0
	$0
	$0
	$28,000
	$28,000
	$5,000

	2042
	$0
	$0
	$0
	$28,000
	$28,000
	$5,000

	2043
	$0
	$0
	$0
	$28,000
	$28,000
	$5,000

	2044
	$0
	$0
	$0
	$28,000
	$28,000
	$4,000

	2045
	$0
	$0
	$0
	$31,000
	$31,000
	$4,000

	2046
	$0
	$0
	$0
	$28,000
	$28,000
	$4,000

	2047
	$0
	$0
	$0
	$28,000
	$28,000
	$3,000

	2048
	$0
	$0
	$0
	$28,000
	$28,000
	$3,000

	2049
	$0
	$0
	-$8,863,000
	$28,000
	-$8,835,000
	-$947,000

	Total 
	$7,395,000
	$12,605,000
	$11,137,000
	$857,000
	$11,994,000
	$17,262,000


Methodology
NCHRP

The Project follows the NCHRP recommendations 
for estimating the existing and new users of a bicycle facility. New and Existing users have been calculated based upon the US Census-reported populations, adult populations, commuting populations, and percent of bicycle and pedestrian commuters for Census Tracts that intersect the 0.25 and 0.5 mile buffers of the Project boundaries. The Project conservatively excludes the NCHRP methodologies for estimating users within 1 mile of the Project.
Demographics

The BCA considers population groups within three analysis zones of the project for pedestrian users, a 0.25 mile buffer and a 0.5 mile buffer, and two analysis zones of the project for bicycle users, a 0.25 mile buffer, a 0.5 mile buffer, and a 1 mile buffer. Population information is gathered for US Census Tracts whose centroids fall within the buffers of the project. These populations are weighted by distance from the project to determine the existing and new users for the Project. Populations within these areas were quantified and forecasted linearly based on historic population growth from 2000 to 2014.
Figure 1 – Project Analysis Zones

[image: image1]
Figure 2 - Project Analysis Zones and 0.25-mile Census Tracts

[image: image2]
Figure 3 - Project Analysis Zones and 0.5-mile Census Tracts
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Figure 4 - Project Analysis Zones and 1-mile Census Tracts
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Bicycle Users

Bicycle User populations were calculated using methodologies recommended by the NCHRP Guidelines. 
Table 5 – Tier 1 Bicycle Users

	
	Existing Users
	New Users

	
	Commuters
	Recreational
	Total
	Commuters 
	Recreational 
	Total

	2020 
	435
	186
	621
	437
	177
	614

	2049
	601
	257
	858
	603
	244
	847


Existing Bicycle Commuters 

The methodology for estimating existing bicycle commuters involves multiplying the existing adult population (U.S. Census) by the existing share of bicycle commuters (U.S. Census ACS Journeys to Work). 
Considering the Census Tracts near Tier 1, in 2014, there were 3,437 adults within the 0 to 0.25-mile project area, 9,141 within the 0.25 to 0.5-mile project area, and 10,552 within the 0.5-mile to 1-mile project area. Of these, 1,964, 5,199, and 6,303 were commuters, respectively. Approximately 3.8% of workers within the 0 to 0.25-mile project area, 3.6% within the 0.25 to 0.5-mile project area, and 2.3% in the 0.5 to 1-mile project area commuted to work via bicycle. From this data, we can conclude that there were 407 existing bicycle commuters within the project area in 2014.  The 2014 U.S. Census total, adult, commuter, and existing bicycle commuter populations were forecasted for future years using the historic growth rates from 2000 to 2014. Based on historic growth, the existing bicycle commuters in 2020 are expected to be 435. 
Existing Bicycle Total Users 

Total existing bicycle total users are calculated from NCHRP multipliers based on the National Household Travel Survey and the existing bicycle commuters. NCHRP forecasts low, median, and high total bicycle users. The low existing bicycle total users were calculated as the existing bicycle commuters. The median existing bicycle total users were calculated as 0.4% of the adult population plus 1.2 times the existing bicycle commuters. The high existing bicycle total users were calculated as 0.6% of the adult population plus 3.0 times the existing bicycle commuters. This BCA has assumed a median total bicycle user population due to the extensive regional trail network connected by this project. Once populations are forecasted using the 2000 to 2014 historic growth rates, it can be concluded that there will be  621 total existing bicycle total users in the project area in 2020 for Tier 1.
Existing Bicycle Recreation Users 

Existing bicycle recreation users are calculated by subtracting the existing bicycle commuters from the existing bicycle total users, as recommended by NCRHP guidelines. Based on historic population growth rates and this methodology, there will be 186 existing bicycle recreation users in 2020 for Tier 1. 
New Bicycle Commuters 

The methodology for estimating new bicycle commuters involves multiplying the existing bicycle commuters by NCHRP multipliers for each analysis zone. To calculate the new bicycle commuters, the following formula is applied: 
New Bicycle Commuters = Existing Bicycle Commuters * (Z – 1)
Where:

Z0 to 0.25 mile = 2.93

Z0.25 to 0.5 mile =2.11
Z0.5 to 1 mile =1.39
After applying historic population growth rates and the above formula, we can conclude that there will be 437 for Tier 1.  
New Bicycle Total Users 
The methodology for estimating new bicycle total users involves multiplying the existing total bicycle users by NCHRP multipliers for each analysis zones. To calculate the new bicycle total users, the following formula is applied: 
New Total Bicycle Users = Existing Total Bicycle Users * (Z – 1)
Where:

Z0 to 0.25 mile = 2.93

Z0.25 to 0.5 mile =2.11
Z0.5 to 1 mile =1.39
After applying historic population growth rates and the above formula, we can conclude that there will be 614 new bicycle total users for Tier 1. 
New Bicycle Recreation Users 

New bicycle recreation users are calculated by subtracting the new bicycle commuters from the new bicycle total users, as recommended by NCRHP guidelines. Based on historic population growth rates and this methodology, there will be 177 new bicycle recreation users in 2020 for Tier 1. 
Pedestrian Users

NCHRP recommends that pedestrian users do not consider the same multipliers as bicycle users. The 2014 U.S. Census ACS 5-year estimate for those tracts within 0.25 miles of the project’s median travel time to work at 18.4 minutes. Assuming a conservative walking pace of 3 miles per hour, the average pedestrian would walk approximately 0.92 miles to work. To be conservative, we assume that pedestrian users reside within 0.5 miles of the Project, and will walk approximately 1 mile to work. 
Table 6 – Tier 1 Pedestrian Users

	
	Existing Users
	New Users

	
	Commuters
	Recreational
	Total
	Commuters 
	Recreational 
	Total

	2020 
	1,275
	1,098
	2,373
	376
	1,470
	1,846

	2049
	1,761
	1,516
	3,277
	519
	2,030
	2,549


Existing Pedestrian Commuters 

The methodology for estimating existing pedestrian commuters involves multiplying the existing adult population (U.S. Census) by the existing share of pedestrian commuters, including those who walk to transit. Considering historic population growth rates and the 2014 U.S. Census ACS 5-year Journey to Work estimates, the existing pedestrian commuters in 2020 will be 1,275 for Tier 1.  
Existing Pedestrian Total Users 

NCHRP estimates that the multipliers for bicycle users cannot adequately be used for pedestrian users. Existing pedestrian total users are calculated by adding the existing pedestrian commuters and existing pedestrian recreational users. Once populations are forecasted using the historic growth rates, it can be concluded that there will be 2,373 total existing pedestrian total users in the project area in 2020 for Tier 
Existing Pedestrian Recreation Users 

NCHRP estimates that walking is 10 times as common as bicycling. Existing pedestrian recreational users are calculated by multiplying the existing bicycle recreation users by 10.  Once populations are forecasted using the historic growth rates, it can be concluded that there will be 1,098 existing pedestrian recreation users in the project area in 2020 for Tier 1. 
New Pedestrian Commuters 

NCHRP estimates that the multipliers for bicycle users cannot adequately be used for pedestrian users. Because pedestrian facilities already commonly exist, new pedestrian commuters are not expected to be extensive. New pedestrian commuters are conservatively estimated to be equal to the new bicycle commuters. After applying historic population growth rates and the above formula, we can conclude that there will be 376 new pedestrian commuters within the project area in 2020 for Tier 1. 
New Pedestrian Total Users 

NCHRP estimates that the multipliers for bicycle users cannot adequately be used for pedestrian users. New pedestrian total users are calculated by adding the new pedestrian commuters and new pedestrian recreational users. Once populations are forecasted using the historic growth rates, it can be concluded that there will be 1,846 total new pedestrian total users in the project area in 2020 for Tier 1. 
New Pedestrian Recreation Users 

NCHRP estimates that walking is 10 times as common as bicycling. New pedestrian recreational users are calculated by multiplying the new bicycle recreation users by 10.  Once populations are forecasted using the historic growth rates, it can be concluded that there will be 1,470 new recreation pedestrian users in the project area in 2020 for Tier 1. 
Regional Trail Users

The Project will connect the existing Town Branch Trail and Legacy Trail, which spread into the suburbs and rural areas beyond Lexington, to the downtown urban area. The BCA assumes that there will be induced use from bicyclists in Census tracts near these existing trails. Census tracts near the Town Branch Trail and Legacy Trail currently have 0% of workers commuting via bicycle. With a new, safe connection to the downtown area, the BCA assumes that this will increase to approximately 2.3% for Tier 1.  This future percentage is equal to the current percent of bicycle commuters residing within 1 mile of downtown Lexington. Considering that those that live within 0.25 and 0.5 miles of downtown have much higher percentages of bicycle commuting, this is a conservative estimate.  It was not assumed that there would be any new pedestrian users, or any new recreational bicycle users from the regional trail, to be conservative. However, recreational use of the trail to travel to sporting events, events at Rupp Arena, University of Kentucky attractions, and other special events in the downtown area would be likely. There may be some additional induced bicycle use as a result of connecting to these regional trails and expanding the system for those that live in downtown Lexington. To be conservative, this BCA did not attempt to quantify this induced ridership. 
Demographics

Figure 5 – Regional Trails 1-mile Census Tracts


[image: image5]
Reduced Vehicle Miles Traveled

The forecasted modal shift to bicycle and pedestrian commuting, which is based upon demographic data and NCHRP Guidelines, was used to determine the estimated reduction in vehicle trips and VMT associated with the Project. The replacement of transit, carpool, and other modal trips were weighted based upon the existing percentage of vehicle, carpool, and transit users. The reduction in car users was calculated as:

Annual Reduction in VMT = Daily Reduction in Vehicles * Miles to Work * Trips per Day * Commuting Days per Year 
Where: Daily Reduction in Vehicles = ∑ [New Commuters * Percent of Commuters by Previous Modal Share * Cars required for Previous Modal]
Where: New Commuters = New Bicycle Commuters + New Pedestrian Commuters AND
Previous Modal Shares = 2014 U.S. Census Journey to Work Modal Shares 
The reduction in VMT associated with an increase in the number of bicycle and pedestrian users were used to monetize the benefits of the forecasted modal shift by year. 

Table 7 – Tier 1 Reduced VMT

	Year
	 New Project Commuters
	Reduced Vehicles 
	Assumed Distance to Work (miles) 
	Bike/ Pedestrian Commuting Days Per Year 
	Reduced VMT (Annual) Local Users
	New Regional Trail Bicycle Commuters
	Reduced Vehicles
	Assumed Distance to Work (Miles)
	Bike/ Pedestrian Commuting Days per Year
	Reduced VMT (Annual) Regional Users
	Reduced VMT (Annual) Total Project

	2018
	0
	0
	1.0
	218
	0
	0
	0
	5.0
	218
	0
	0

	2019
	0
	0
	1.0
	218
	0
	0
	0
	5.0
	218
	0
	0

	2020
	810
	770
	1.0
	218
	335,000
	380
	360
	5.0
	218
	778,000
	1,113,000

	2021
	820
	780
	1.0
	218
	339,000
	380
	360
	5.0
	218
	787,000
	1,125,000

	2022
	830
	790
	1.0
	218
	342,000
	390
	360
	5.0
	218
	796,000
	1,138,000

	2023
	840
	790
	1.0
	218
	346,000
	390
	370
	5.0
	218
	805,000
	1,151,000

	2024
	850
	800
	1.0
	218
	350,000
	390
	370
	5.0
	218
	814,000
	1,164,000

	2025
	860
	810
	1.0
	218
	354,000
	400
	380
	5.0
	218
	823,000
	1,177,000

	2026
	870
	820
	1.0
	218
	358,000
	400
	380
	5.0
	218
	832,000
	1,190,000

	2027
	880
	830
	1.0
	218
	362,000
	410
	390
	5.0
	218
	841,000
	1,203,000

	2028
	890
	840
	1.0
	218
	366,000
	410
	390
	5.0
	218
	851,000
	1,217,000

	2029
	900
	850
	1.0
	218
	370,000
	420
	390
	5.0
	218
	860,000
	1,230,000

	2030
	910
	860
	1.0
	218
	374,000
	420
	400
	5.0
	218
	870,000
	1,244,000

	2031
	920
	870
	1.0
	218
	378,000
	430
	400
	5.0
	218
	880,000
	1,258,000

	2032
	930
	880
	1.0
	218
	383,000
	430
	410
	5.0
	218
	889,000
	1,272,000

	2033
	940
	890
	1.0
	218
	387,000
	440
	410
	5.0
	218
	899,000
	1,286,000

	2034
	950
	900
	1.0
	218
	391,000
	440
	420
	5.0
	218
	909,000
	1,301,000

	2035
	960
	910
	1.0
	218
	396,000
	450
	420
	5.0
	218
	920,000
	1,315,000

	2036
	970
	920
	1.0
	218
	400,000
	450
	430
	5.0
	218
	930,000
	1,330,000

	2037
	980
	930
	1.0
	218
	405,000
	460
	430
	5.0
	218
	940,000
	1,345,000

	2038
	990
	940
	1.0
	218
	409,000
	460
	440
	5.0
	218
	951,000
	1,360,000

	2039
	1,000
	950
	1.0
	218
	414,000
	470
	440
	5.0
	218
	962,000
	1,375,000

	2040
	1,020
	960
	1.0
	218
	418,000
	470
	450
	5.0
	218
	972,000
	1,391,000

	2041
	1,030
	970
	1.0
	218
	423,000
	480
	450
	5.0
	218
	983,000
	1,406,000

	2042
	1,040
	980
	1.0
	218
	428,000
	480
	460
	5.0
	218
	994,000
	1,422,000

	2043
	1,050
	990
	1.0
	218
	433,000
	490
	460
	5.0
	218
	1,005,000
	1,438,000

	2044
	1,060
	1,000
	1.0
	218
	437,000
	490
	470
	5.0
	218
	1,017,000
	1,454,000

	2045
	1,070
	1,010
	1.0
	218
	442,000
	500
	470
	5.0
	218
	1,028,000
	1,470,000

	2046
	1,090
	1,030
	1.0
	218
	447,000
	500
	480
	5.0
	218
	1,039,000
	1,487,000

	2047
	1,100
	1,040
	1.0
	218
	452,000
	510
	480
	5.0
	218
	1,051,000
	1,503,000

	2048
	1,110
	1,050
	1.0
	218
	457,000
	520
	490
	5.0
	218
	1,063,000
	1,520,000

	2049
	1,120
	1,060
	1.0
	218
	462,000
	520
	490
	5.0
	218
	1,075,000
	1,537,000

	Total 
	28,790
	27,200
	
	
	11,858,000
	13,380
	12,640
	
	
	27,563,000
	39,422,000


Inputs 

Table 8 - BCA Calculation Inputs
	Input
	Value 

	General
	 

	Discount Rate 
	3% or 7%

	Depreciation Rate
	1.52%

	March 14, 2016 US Dollar per 1 British Pound 
	$1.43

	Zone 1 length
	 

	Zone 2 Length
	 

	Zone 3 Length
	0.25

	Zone 4 Length
	0.40

	Zone 5 Length
	 

	Zone 6 Length
	0.70

	Zone 7 Length
	1.30

	Total Project Length 
	2.65

	Miles per 1 Kilometer
	0.621

	CPI
	See "CPI" Sheet 

	Assumed Travel Speed (MPH) 
	28

	Commuting Days per Year (5 days a week, 50 weeks) 
	250

	Precipitation Days per Year 
	130

	Bike / Pedestrian Commuting Days per Year (Commuting Days per Year less Rain Days)
	218

	Recreation Days per Year
	333

	Surface Area of Project Becoming Bio-Swales (Sq. Feet) 
	0

	 
	 

	User Information 
	 

	New Bicycle Commuters (Residents 0-0.25 Miles from the Project), Multiplier of Existing Bicycle Commuters 
	2.93

	New Bicycle Commuters (Residents 0.25-0.5 Miles from the Project), Multiplier of Existing Bicycle Commuters 
	2.11

	New Bicycle Commuters (Residents 0.5-1 Miles from the Project), Multiplier of Existing Bicycle Commuters 
	1.39

	Existing Bicycle Users Multiplier of Adult Population - Low 
	0.000

	Existing Bicycle Users Multiplier of Adult Population - Mean
	0.004

	Existing Bicycle Users Multiplier of Adult Population - High
	0.006

	Existing Bicycle Users Multiplier of Existing Bicycle Commuters  - Low 
	1.00

	Existing Bicycle Users Multiplier of Existing Bicycle Commuters  - Mean
	1.20

	Existing Bicycle Users Multiplier of Existing Bicycle Commuters  - High 
	3.00

	 
	 

	Reduced VMT 
	 

	Average Distance to Work for  Commuters Adjacent to Project (miles)
	1

	Average Distance to Work for Commuters Adjacent to Regional Trails (miles)
	5

	Commuting Trips Per Day 
	2

	 
	 

	State of Good Repair 
	 

	Vehicle Maintenance Cost per Mile (Oil, Tires, etc. - Excludes Gasoline) (2016$/Mile) 
	$0.06

	Maintenance (Oil, etc.) Cost per VMT (2016$)
	$0.05

	Tires Cost per VMT (2016$) 
	$0.01

	 
	 

	Economic Competitiveness
	 

	Congestion Cost per VMT (2016$)
	$0.11

	 
	 

	Quality of Life 
	 

	New Cyclists - Value of Recreation Time (2016$/Hr)
	$12.15

	New Cyclists - Recreation Hours per Day 
	1

	New Pedestrian - Value of Recreation Time (2016$/Trip) 
	$12.15

	New Pedestrian - Recreation Hours per Day 
	1

	Existing Cyclists - Value of Recreation Environment per Trip (2016$/Trip) 
	$6.56

	Existing Pedestrians - Value of Recreation Environment per Trip (2016$/Trip) 
	$0.57

	Annual Health Savings per Bicycle Commuters (2016$/Year)
	$156

	Cycling Commuters - Minutes spent traveling to an off-street facility 
	20.38

	Value of Travel Time Savings (2016$) 
	$13.47

	Value of Street Lighting ($2016 US Dollar / Mi)
	$0.10

	Value of Kerb Level ($2016 US Dollar / Mi)
	$0.07

	Value of Crowding ($2016 US Dollar / Mi)
	$0.05

	Value of Pavement Evenness ($2016 US Dollar / Mi)
	$0.02

	Value of Street Information Panels ($2016 US Dollar / Mi)
	$0.02

	Value of Street Benches ($2016 US Dollar / Mi)
	$0.02

	Value of Street Directional Signage ($2016 US Dollar / Mi)
	$0.02

	Pedestrian Commuters - Value of Commute Environment per Mile (2016$/Mile) 
	$0.29

	Assumed Pedestrian Speed (Recreation) (Miles/Hour) 
	2.00

	Pedestrian Recreation - Value of Commute Environment per Hour (2016$/Mile) 
	$0.57

	Pedestrian Commuter Trip Length (Miles) 
	0.25

	New Cyclist Commuter Health Benefit (Per-Capita Cost Savings from Physical Activity 2016$/Year) 
	$156

	State of Kentucky Percent Physically Inactive 
	42.1%

	Value of Journey Ambiance Benefit of Off-road segregated cycle track (2010 US$ / minute) 
	$0.10

	Value of Journey Ambiance Benefit of On-road segregated cycle lane  (2016 US$ / minute) 
	$0.05

	Value of Journey Ambiance Benefit of Off-road segregated cycle track (2016 US$ / minute) 
	$0.11

	Cyclist - Value of Commute Environment per 1 Hour Trip (2016$/Trip) for an on-road segregated cycle lane
	$6.56

	Cyclist - Value of Commute Environment per 1 Hour Trip (2016$/Trip) for an off-road segregated cycle track
	$2.79

	Value of Recreation per Trip for Cyclists (2016$/Trip) 
	$12.15

	 
	 

	Environmental Sustainability 
	 

	VOC Value of Emissions (2016$) per metric ton 
	$2,034

	NOx Value of Emissions (2016$) per metric ton 
	$8,019

	PM Value of Emissions (2016$) per metric ton 
	$366,827

	SOx Value of Emissions (2016$) per metric ton 
	$47,394

	Passenger Car Emission Rates per Mile, VOC
	1.034

	Passenger Car Emission Rates per Mile, NOx
	0.693

	Passenger Car  Emission Rates per Mile, PM10
	0.0044

	Passenger Car Emission Rates per Mile, PM25
	0.041

	Passenger Car Emission Rates per Mile, CO2
	368.4

	Passenger Car Gasoline Consumption Per mile 
	0.04149

	EIA US Regular Gasoline Prices - March 7, 2016
	$1.84

	 
	 

	Safety
	 

	AIS 0 (2016$) per vehicle
	$4,203

	AIS 1 (2016$)
	$28,832

	AIS 2(2016$)
	$451,709

	AIS 3(2016$)
	$1,009,137

	AIS 4(2016$)
	$2,556,481

	AIS 5(2016$)
	$5,699,223

	AIS 6(2016$)
	$9,610,831

	Off-Road Bicycle Path Accident Risk as compared to Cycling on Minor Roadways - High 
	0.67

	Off-Road Bicycle Path Accident Risk as compared to Cycling on Minor Roadways - Median 
	0.39

	Off-Road Bicycle Path Accident Risk as compared to Cycling on Minor Roadways - Low 
	0.11

	Reduction in Crash Costs due to the creation of an off-path facility - Low 
	0.25

	Reduction in Crash Costs due to the creation of an off-path facility - Median 
	0.4

	Reduction in Crash Costs due to the creation of an off-path facility - High 
	0.55


Benefits 
State of Good Repair
State of Good Repair benefits can reduce long-term maintenance and repair costs for both freight-related and passenger-related projects. 
Roadway Maintenance Savings 
A reduction in VMT incurs long-term maintenance benefits in the form of roadway maintenance savings, such as painting and paving. The BCA estimates the roadway maintenance cost per VMT at $0.001.  Roadway Maintenance Savings amount to $17,400 for Tier 1. 
Table 9 – Tier 1 Roadway Maintenance Savings

	Year
	Reduced VMT 
	Roadway Maintenance  Cost per Mile
	Total Annual Roadway Maintenance Benefits 
	Discounted State of Good Repair Benefits

	2018
	0
	0.001
	$0
	$0

	2019
	0
	0.001
	$0
	$0

	2020
	1,113,000
	0.001
	$1,500
	$1,200

	2021
	1,125,000
	0.001
	$1,600
	$1,100

	2022
	1,138,000
	0.001
	$1,600
	$1,000

	2023
	1,151,000
	0.001
	$1,600
	$1,000

	2024
	1,164,000
	0.001
	$1,600
	$900

	2025
	1,177,000
	0.001
	$1,600
	$900

	2026
	1,190,000
	0.001
	$1,600
	$800

	2027
	1,203,000
	0.001
	$1,700
	$800

	2028
	1,217,000
	0.001
	$1,700
	$700

	2029
	1,230,000
	0.001
	$1,700
	$700

	2030
	1,244,000
	0.001
	$1,700
	$700

	2031
	1,258,000
	0.001
	$1,700
	$600

	2032
	1,272,000
	0.001
	$1,800
	$600

	2033
	1,286,000
	0.001
	$1,800
	$600

	2034
	1,301,000
	0.001
	$1,800
	$500

	2035
	1,315,000
	0.001
	$1,800
	$500

	2036
	1,330,000
	0.001
	$1,800
	$500

	2037
	1,345,000
	0.001
	$1,900
	$400

	2038
	1,360,000
	0.001
	$1,900
	$400

	2039
	1,375,000
	0.001
	$1,900
	$400

	2040
	1,391,000
	0.001
	$1,900
	$400

	2041
	1,406,000
	0.001
	$1,900
	$400

	2042
	1,422,000
	0.001
	$2,000
	$300

	2043
	1,438,000
	0.001
	$2,000
	$300

	2044
	1,454,000
	0.001
	$2,000
	$300

	2045
	1,470,000
	0.001
	$2,000
	$300

	2046
	1,487,000
	0.001
	$2,000
	$300

	2047
	1,503,000
	0.001
	$2,100
	$300

	2048
	1,520,000
	0.001
	$2,100
	$200

	2049
	1,537,000
	0.001
	$2,100
	$200

	Total 
	39,422,000
	 
	$54,300
	$17,400


Economic Competitiveness
Economic Competitiveness benefits occur in the form of travel time savings and operating cost savings. 

Household Vehicle Maintenance Savings 

Operating cost savings can include reduced operating costs for passengers by providing lower-cost alternatives to the use of private vehicles. Various studies have compared the operation cost savings of vehicles and bicycles. The BCA uses a cost savings per reduced VMT of $0.06, which is based on the vehicle maintenance cost per mile provided by the Research and Innovative Technology Administration (RITA) adjusted for CPI, and is comparable to the conservative estimates of several studies. The conservative estimate of $0.06 per VMT includes savings such as a reduction in tires, oil changes, and other associated vehicle maintenance expenses. This amount does not include fuel savings. Household Vehicle Maintenance Savings amount to $784,000for Tier 1. 
Table 10 – Tier 1 Household Vehicle Maintenance Savings

	Year
	Reduced VMT 
	Vehicle Costs per Mile 
	Annual Vehicle Maintenance Benefits 
	Discounted State of Good Repair Benefits

	2018
	0
	$0.06
	$0
	$0

	2019
	0
	$0.06
	$0
	$0

	2020
	1,113,000
	$0.06
	$69,000
	$53,000

	2021
	1,125,000
	$0.06
	$70,000
	$50,000

	2022
	1,138,000
	$0.06
	$71,000
	$47,000

	2023
	1,151,000
	$0.06
	$71,000
	$45,000

	2024
	1,164,000
	$0.06
	$72,000
	$42,000

	2025
	1,177,000
	$0.06
	$73,000
	$40,000

	2026
	1,190,000
	$0.06
	$74,000
	$38,000

	2027
	1,203,000
	$0.06
	$75,000
	$36,000

	2028
	1,217,000
	$0.06
	$76,000
	$34,000

	2029
	1,230,000
	$0.06
	$76,000
	$32,000

	2030
	1,244,000
	$0.06
	$77,000
	$30,000

	2031
	1,258,000
	$0.06
	$78,000
	$28,000

	2032
	1,272,000
	$0.06
	$79,000
	$27,000

	2033
	1,286,000
	$0.06
	$80,000
	$25,000

	2034
	1,301,000
	$0.06
	$81,000
	$24,000

	2035
	1,315,000
	$0.06
	$82,000
	$23,000

	2036
	1,330,000
	$0.06
	$83,000
	$21,000

	2037
	1,345,000
	$0.06
	$84,000
	$20,000

	2038
	1,360,000
	$0.06
	$84,000
	$19,000

	2039
	1,375,000
	$0.06
	$85,000
	$18,000

	2040
	1,391,000
	$0.06
	$86,000
	$17,000

	2041
	1,406,000
	$0.06
	$87,000
	$16,000

	2042
	1,422,000
	$0.06
	$88,000
	$15,000

	2043
	1,438,000
	$0.06
	$89,000
	$14,000

	2044
	1,454,000
	$0.06
	$90,000
	$14,000

	2045
	1,470,000
	$0.06
	$91,000
	$13,000

	2046
	1,487,000
	$0.06
	$92,000
	$12,000

	2047
	1,503,000
	$0.06
	$93,000
	$11,000

	2048
	1,520,000
	$0.06
	$94,000
	$11,000

	2049
	1,537,000
	$0.06
	$96,000
	$10,000

	Total 
	39,422,000
	 
	$2,449,000
	$784,000


Vehicle Fuel Reduction Savings 

In addition to the savings associated with tires, oil changes, and other vehicle maintenance costs; new bicycle and pedestrian commuters experience operation cost savings associated with a reduction in fuel consumption. A reduction in fuel consumption aligns with the NOFA’s goal to reduce America’s dependence on foreign oil and gas. Vehicle Fuel Reduction Savings were calculated by assuming the EPA fuel-consumption rate for passenger cars and the forecasted VMT. The fuel savings was monetized at the EIA on-highway gasoline estimates for the United States. Vehicle Fuel Reduction Savings amount to $964,000 for Tier 1. 
Table 11 – Tier 1 Vehicle Fuel Reduction Savings
	Year
	Reduced VMT 
	Gasoline Consumption (Gallons per Mile) 
	Annual Gasoline Consumption (Gallons) 
	Price per Gallon of Gasoline (2016$)
	Reduced Fuel Consumption Benefits 
	Discounted Reduced Fuel Consumption Benefits

	2018
	0
	0.0415
	0
	$1.84
	$0
	$0

	2019
	0
	0.0415
	0
	$1.84
	$0
	$0

	2020
	1,113,000
	0.0415
	46,000
	$1.84
	$85,000
	$65,000

	2021
	1,125,000
	0.0415
	47,000
	$1.84
	$86,000
	$61,000

	2022
	1,138,000
	0.0415
	47,000
	$1.84
	$87,000
	$58,000

	2023
	1,151,000
	0.0415
	48,000
	$1.84
	$88,000
	$55,000

	2024
	1,164,000
	0.0415
	48,000
	$1.84
	$89,000
	$52,000

	2025
	1,177,000
	0.0415
	49,000
	$1.84
	$90,000
	$49,000

	2026
	1,190,000
	0.0415
	49,000
	$1.84
	$91,000
	$46,000

	2027
	1,203,000
	0.0415
	50,000
	$1.84
	$92,000
	$44,000

	2028
	1,217,000
	0.0415
	50,000
	$1.84
	$93,000
	$41,000

	2029
	1,230,000
	0.0415
	51,000
	$1.84
	$94,000
	$39,000

	2030
	1,244,000
	0.0415
	52,000
	$1.84
	$95,000
	$37,000

	2031
	1,258,000
	0.0415
	52,000
	$1.84
	$96,000
	$35,000

	2032
	1,272,000
	0.0415
	53,000
	$1.84
	$97,000
	$33,000

	2033
	1,286,000
	0.0415
	53,000
	$1.84
	$98,000
	$31,000

	2034
	1,301,000
	0.0415
	54,000
	$1.84
	$99,000
	$29,000

	2035
	1,315,000
	0.0415
	55,000
	$1.84
	$100,000
	$28,000

	2036
	1,330,000
	0.0415
	55,000
	$1.84
	$102,000
	$26,000

	2037
	1,345,000
	0.0415
	56,000
	$1.84
	$103,000
	$25,000

	2038
	1,360,000
	0.0415
	56,000
	$1.84
	$104,000
	$23,000

	2039
	1,375,000
	0.0415
	57,000
	$1.84
	$105,000
	$22,000

	2040
	1,391,000
	0.0415
	58,000
	$1.84
	$106,000
	$21,000

	2041
	1,406,000
	0.0415
	58,000
	$1.84
	$107,000
	$20,000

	2042
	1,422,000
	0.0415
	59,000
	$1.84
	$109,000
	$19,000

	2043
	1,438,000
	0.0415
	60,000
	$1.84
	$110,000
	$18,000

	2044
	1,454,000
	0.0415
	60,000
	$1.84
	$111,000
	$17,000

	2045
	1,470,000
	0.0415
	61,000
	$1.84
	$112,000
	$16,000

	2046
	1,487,000
	0.0415
	62,000
	$1.84
	$114,000
	$15,000

	2047
	1,503,000
	0.0415
	62,000
	$1.84
	$115,000
	$14,000

	2048
	1,520,000
	0.0415
	63,000
	$1.84
	$116,000
	$13,000

	2049
	1,537,000
	0.0415
	64,000
	$1.84
	$117,000
	$13,000

	Total 
	39,422,000
	0
	1,636,000
	 
	$3,011,000
	$964,000


Congestion Cost Savings 

A reduction in VMT reduces congestion for the remaining drivers. The Congestion Cost Savings was monetized using the FHWA Value of Congestion per VMT. Congestion Cost Savings amount to $1.3 million for Tier 1. 
Table 12 – Tier 1 Congestion Cost Savings
	Year
	Reduced VMT 
	Congestion Costs per VMT
	Total Annual Congestion Benefits
	Discounted Congestion Benefits

	2018
	0
	$0.11
	$0
	$0

	2019
	0
	$0.11
	$0
	$0

	2020
	1,113,000
	$0.11
	$118,000
	$90,000

	2021
	1,125,000
	$0.11
	$119,000
	$85,000

	2022
	1,138,000
	$0.11
	$121,000
	$80,000

	2023
	1,151,000
	$0.11
	$122,000
	$76,000

	2024
	1,164,000
	$0.11
	$123,000
	$72,000

	2025
	1,177,000
	$0.11
	$125,000
	$68,000

	2026
	1,190,000
	$0.11
	$126,000
	$64,000

	2027
	1,203,000
	$0.11
	$128,000
	$61,000

	2028
	1,217,000
	$0.11
	$129,000
	$57,000

	2029
	1,230,000
	$0.11
	$131,000
	$54,000

	2030
	1,244,000
	$0.11
	$132,000
	$51,000

	2031
	1,258,000
	$0.11
	$133,000
	$48,000

	2032
	1,272,000
	$0.11
	$135,000
	$46,000

	2033
	1,286,000
	$0.11
	$136,000
	$43,000

	2034
	1,301,000
	$0.11
	$138,000
	$41,000

	2035
	1,315,000
	$0.11
	$140,000
	$39,000

	2036
	1,330,000
	$0.11
	$141,000
	$36,000

	2037
	1,345,000
	$0.11
	$143,000
	$34,000

	2038
	1,360,000
	$0.11
	$144,000
	$33,000

	2039
	1,375,000
	$0.11
	$146,000
	$31,000

	2040
	1,391,000
	$0.11
	$148,000
	$29,000

	2041
	1,406,000
	$0.11
	$149,000
	$27,000

	2042
	1,422,000
	$0.11
	$151,000
	$26,000

	2043
	1,438,000
	$0.11
	$153,000
	$25,000

	2044
	1,454,000
	$0.11
	$154,000
	$23,000

	2045
	1,470,000
	$0.11
	$156,000
	$22,000

	2046
	1,487,000
	$0.11
	$158,000
	$21,000

	2047
	1,503,000
	$0.11
	$160,000
	$20,000

	2048
	1,520,000
	$0.11
	$161,000
	$19,000

	2049
	1,537,000
	$0.11
	$163,000
	$17,000

	Total 
	39,422,000
	
	$4,183,000
	$1,339,000


Quality of Life

Quality of Life benefits increase accessibility, including health, recreation, and mobility benefits, as well as property value increases. 

Property Value Increases
The Center for Urban Policy and the Environment estimates that people are willing to pay more to live near an off-road greenway facility. It is assumed that the increased willingness-to-pay will lead to increased property values within the 0 to 0.25-mile and 0.25 to 0.5-mile analysis zones. There have been several studies on the changes in property values associated with multiuse trails; some of these studies are summarized in Table 13, below. The Project is highly modelled after the Cultural Trail in Indianapolis, Indiana, which produced property value increases of approximately 48% for those properties within 500 feet or 0.1 miles of the project. Alternatively, the Project is very similar to projects studied in Boulder, Colorado and San Antonio, Texas, which produced property value increases of 32.0% and 5.0%, respectively. To be conservative, the BCA uses a 1% increase in property values, which is far less than that of the median property value increase of the studies listed below, which is 4.73%. Considering that there are approximately 2,428 housing units within 0.25 miles of the Project in Tier 1, with estimated 2020 median home values of $187,000, respectively, a conservative increase in property values of 1% would amount to a total Property Value Increase of and $3.5 million in Tier 1. 
Table 13 – Property Value Literature Summary
	Study
	Year
	Setting
	City
	City Population*
	City Average Population Density (people per square mile)*
	Radius of Trail 
	Percent Increase

	Cultural Trail Assessment
	2015
	Urban
	Indianapolis
	1,759,791
	457
	500 feet
	48.0%

	Understanding the Impact of Trails on Residential Property Values
	2011
	Suburban/Rural
	Little Miami Scenic Trail, Ohio
	1,508,338
	718
	10,000 feet
	8.72%

	The Relative Impacts of Trails and Greenbelts on Home Price (Trail alone)
	2007
	Urban/Suburban
	San Antonio, Bexar County, Texas
	308,745,538
	87
	Unspecified
	2.00%

	The Relative Impacts of Trails and Greenbelts on Home Price (Trail/Greenbelt Combination)
	2007
	Urban/Suburban
	San Antonio, Bexar County, Texas
	308,745,538
	87
	Unspecified
	5.00%

	Two Approaches to Valuing Some of Bicycle Facilities' Presumed Benefits(Off-street, Urban)
	2006
	Urban
	Minneapolis-St. Paul
	667,646
	6,301
	400 meters
	0.34%

	Minutemen Bikeway and Nashua River Rail Trail Run
	2006
	Various
	7 towns in Massachusetts
	Various
	Various
	Unspecified
	1.22%

	Property Value/Desirability Effects of Bike Paths Adjacent to Residential Areas
	2006
	Various
	Delaware
	Various
	Various
	50 meters
	4.46%

	Property values, recreation values, and urban greenways
	2004
	Various
	Marion County
	65,738
	163
	0.5 mile
	11.0%

	The Effect of Environmental Zoning and Amenities on Property Values: Portland, Oregon
	2003
	Various
	Portland, Oregon
	539,546
	3,721
	200 feet
	-6.80%

	City of Vancouver, Bicycle Plan
	1999
	Urban/Suburban
	Vancouver, Washington
	146,574
	3,177
	Unspecified
	0.00%

	Evaluation Of The Burke-Gilman Trail’s Effect on Property Values and Crime
	1987
	Urban/Suburban
	Seattle, Washington
	515,761
	6,144
	Unspecified
	6.00%

	The effects of greenbelts on residential property values: some findings on the political economy of open space.
	1978
	Urban/Suburban
	Boulder, Colorado
	189,625
	252
	3,200 feet 
	32.0%

	* US Census data was compiled based on year of study publication. When data for the year of publication was not available, the nearest decentennial Census population/density was used. 


Table 14 – Tier 1 Property Value Benefits

	Year
	Housing Units Within 0.25 Miles 
	Median Home Value (2014$)
	Median Home Value (2020$) 
	Total Home Values 
	Percent Increase in Home Values 
	Property Value Increase Benefits
	Discounted Property Value Increase Benefits (2016$)

	2020
	2,428
	$176,000
	$187,000
	$454,055,000
	1.00%
	$4,541,000
	$3,464,000


Recreation Benefits 

The City of Lexington has an existing trail network for off-road bicycle and pedestrian use; however, the existing trails are missing a critical link to the existing trail network, the downtown area, and the Transit Center. The new development will offer recreation space and link neighborhoods to shared nature preserves, park, schools, cultural institutions, and historic sites. Recreation benefits are calculated utilizing NCHRP multipliers. These methodologies are highly debated and US DOT has recommended for these benefits to be excluded from the BCA score.  

As requested, recreation benefits have been excluded from the BCA score; however, they have been calculated and will be discussed for consideration. The NCHRP recreation benefits for bicycle users and pedestrian users within 0.25 miles of the Project amount to $16.3 million for Tier 1. 
Mobility Benefits
Urban Lexington has limited existing bicycle and pedestrian infrastructure. The proposed Project will connect the existing rural/suburban bicycle and pedestrian trials to urban areas, as well as the Transit Center including bus and trolley routes. NCHRP includes methodologies for estimating the mobility benefits of bicycle facilities; however, these methodologies are highly debated and US DOT has recommended for these benefits to be excluded from the BCA score.  

As with recreational benefits, mobility benefits have been excluded from the BCA score; however, they have been calculated. The NCHRP mobility benefits for bicycle and pedestrian users within 0.25 miles of the project amount to $6.3 million for Tier 1. These mobility benefits are associated with impacts created by connecting the existing rural bicycle and pedestrian path network to the urban area, as well as creating a new bicycle and pedestrian off-road system connecting to the Transit Center. There are an estimated 633 adults with no vehicle available within 0.5 mile of the project for Tier 1. These individuals can benefit greatly from increased bicycle and pedestrian mobility.
Health Cost Savings Benefits 

NCHRP estimates the annual per capita savings from physical activity between $19 and $1,175 per year in 2010 dollars. The median health savings from physical activity is estimated at $128 per year in 2010 dollars, or $155 in 2016 dollars. This parameter is multiplied by the new bicycle and pedestrian total users per year to calculate the annual health savings associated with the project. The Project’s total Health Cost Savings benefits for bicycle and pedestrian users within 0.25 miles of the Project amount to $543,000 for Tier 1. The Center for Disease Control and Prevention estimates that 42.1% of the population in the State of Kentucky is physically inactive. Considering that there will be an estimated 17,381 people, of whom 13,448 are adults within the 0.5-mile Project area for Tier 1, we can estimate that there are 7,318 people, of which 5,662 are adults, who are physically inactive within the project area in 2020. Providing recreational opportunities to this population could greatly benefit their health and well-being. Health Cost Savings benefits have been excluded from the BCA score, in accordance with US DOT recommendations. 
Environmental Sustainability
Environmental sustainability includes benefits from reduced emissions, such as “criteria pollutants” and from the emission of greenhouse gases, such as carbon dioxide. Transportation projects that encourage transportation users to shift from more-polluting modes to less-polluting modes can similarly reduce emissions. 

Vehicle Emission Reduction Savings 

The Project promotes a modal shift from a more polluting transportation mode (vehicles) to a less polluting transportation mode (bicycles and pedestrians). A reduction in criteria pollutants and greenhouse gas emissions was calculated from the reduction in VMT. The Vehicle Emission Reduction Savings were monetized using the recommended Value of Emissions. Vehicle Emission Reduction Savings amount to $1.2 million for Tier 1. 
Table 15 – Tier 1 Vehicle Emission Reduction Savings

	Year
	Reduced VMT 
	Emission Costs Saved

	
	
	VOC 
	NOx
	PM10
	PM25
	CO2 (Already at 3%)
	Sub-Total Emissions (Without CO2)
	Discounted Emissions 
	Discounted CO2 Emissions 
	Discounted TOTAL Environmental Benefits

	2018
	0
	$0
	$0
	$0
	$0
	$0
	$0
	$0
	$0
	$0

	2019
	0
	$0
	$0
	$0
	$0
	$0
	$0
	$0
	$0
	$0

	2020
	1,113,000
	$2,000
	$6,000
	$2,000
	$17,000
	$19,000
	$27,000
	$21,000
	$19,000
	$40,000

	2021
	1,125,000
	$2,000
	$6,000
	$2,000
	$17,000
	$20,000
	$27,000
	$20,000
	$20,000
	$39,000

	2022
	1,138,000
	$2,000
	$6,000
	$2,000
	$17,000
	$20,000
	$28,000
	$18,000
	$20,000
	$39,000

	2023
	1,151,000
	$2,000
	$6,000
	$2,000
	$17,000
	$21,000
	$28,000
	$17,000
	$21,000
	$39,000

	2024
	1,164,000
	$2,000
	$6,000
	$2,000
	$18,000
	$22,000
	$28,000
	$16,000
	$22,000
	$38,000

	2025
	1,177,000
	$2,000
	$7,000
	$2,000
	$18,000
	$23,000
	$29,000
	$16,000
	$23,000
	$38,000

	2026
	1,190,000
	$3,000
	$7,000
	$2,000
	$18,000
	$23,000
	$29,000
	$15,000
	$23,000
	$38,000

	2027
	1,203,000
	$3,000
	$7,000
	$2,000
	$18,000
	$24,000
	$29,000
	$14,000
	$24,000
	$38,000

	2028
	1,217,000
	$3,000
	$7,000
	$2,000
	$18,000
	$25,000
	$30,000
	$13,000
	$25,000
	$38,000

	2029
	1,230,000
	$3,000
	$7,000
	$2,000
	$19,000
	$25,000
	$30,000
	$12,000
	$25,000
	$37,000

	2030
	1,244,000
	$3,000
	$7,000
	$2,000
	$19,000
	$26,000
	$30,000
	$12,000
	$26,000
	$37,000

	2031
	1,258,000
	$3,000
	$7,000
	$2,000
	$19,000
	$27,000
	$31,000
	$11,000
	$27,000
	$38,000

	2032
	1,272,000
	$3,000
	$7,000
	$2,000
	$19,000
	$28,000
	$31,000
	$10,000
	$28,000
	$38,000

	2033
	1,286,000
	$3,000
	$7,000
	$2,000
	$19,000
	$28,000
	$31,000
	$10,000
	$28,000
	$38,000

	2034
	1,301,000
	$3,000
	$7,000
	$2,000
	$20,000
	$29,000
	$32,000
	$9,000
	$29,000
	$39,000

	2035
	1,315,000
	$3,000
	$7,000
	$2,000
	$20,000
	$30,000
	$32,000
	$9,000
	$30,000
	$39,000

	2036
	1,330,000
	$3,000
	$7,000
	$2,000
	$20,000
	$31,000
	$32,000
	$8,000
	$31,000
	$39,000

	2037
	1,345,000
	$3,000
	$7,000
	$2,000
	$20,000
	$32,000
	$33,000
	$8,000
	$32,000
	$40,000

	2038
	1,360,000
	$3,000
	$8,000
	$2,000
	$20,000
	$33,000
	$33,000
	$7,000
	$33,000
	$40,000

	2039
	1,375,000
	$3,000
	$8,000
	$2,000
	$21,000
	$34,000
	$33,000
	$7,000
	$34,000
	$41,000

	2040
	1,391,000
	$3,000
	$8,000
	$2,000
	$21,000
	$35,000
	$34,000
	$7,000
	$35,000
	$42,000

	2041
	1,406,000
	$3,000
	$8,000
	$2,000
	$21,000
	$36,000
	$34,000
	$6,000
	$36,000
	$42,000

	2042
	1,422,000
	$3,000
	$8,000
	$2,000
	$21,000
	$36,000
	$35,000
	$6,000
	$36,000
	$42,000

	2043
	1,438,000
	$3,000
	$8,000
	$2,000
	$22,000
	$37,000
	$35,000
	$6,000
	$37,000
	$43,000

	2044
	1,454,000
	$3,000
	$8,000
	$2,000
	$22,000
	$38,000
	$35,000
	$5,000
	$38,000
	$43,000

	2045
	1,470,000
	$3,000
	$8,000
	$2,000
	$22,000
	$39,000
	$36,000
	$5,000
	$39,000
	$44,000

	2046
	1,487,000
	$3,000
	$8,000
	$2,000
	$22,000
	$40,000
	$36,000
	$5,000
	$40,000
	$45,000

	2047
	1,503,000
	$3,000
	$8,000
	$2,000
	$23,000
	$41,000
	$37,000
	$4,000
	$41,000
	$46,000

	2048
	1,520,000
	$3,000
	$8,000
	$2,000
	$23,000
	$43,000
	$37,000
	$4,000
	$43,000
	$47,000

	2049
	1,537,000
	$3,000
	$9,000
	$2,000
	$23,000
	$44,000
	$37,000
	$4,000
	$44,000
	$48,000

	Total 
	39,422,000
	$83,000
	$219,000
	$64,000
	$593,000
	$907,000
	$959,000
	$307,000
	$907,000
	$1,214,000


Storm Water Run-off Reduction Savings 

The Project includes the construction of bioswales, which will decrease the amount of impervious surface along the Project, and create green storm water infrastructure. Rather than moving storm water offsite through an engineered conveyance system, the use of bioswales will allow the filtration and infiltration of storm water on-site. This green infrastructure will reduce peak runoff by allowing initial runoff to infiltrate the ground, evaporate into the air, or collect in storage receptacles for irrigation and other benefits uses. Swales improve water quality and reduce in-stream erosion. Runoff that is collected beyond that capacity will overflow into stand pipes or other features and will be managed by conventional drainage systems. An additional hydrologic benefit of bioswales is the reduction of thermal pollution. Heated runoff from impervious surfaces is filtered through the bioretention facility and cooled. Bioswales serve as soil and plant-based filtration features to remove pollutants through physical, biological, and chemical treatment processes. A reduction of 1.0 million gallons of runoff over the 30-year project life is anticipated from this infrastructure.  At the recommendation of US DOT, Storm Water Run-Off Reduction Savings were not included in the BCA score. 

Habitat Benefits

The Project, including plantings, trees, and bioswales, will provide attractive landscaping and a natural habitat for birds and butterflies and other fauna. An attractive environment for nesting and foraging is created by the increased soil moisture, evapotranspiration, and vegetation coverage. Additionally, the bioswales will also create a living, micro-ecological system. Tree canopy cover is a way for cities to improve water and air quality, and improve habitat. However, downtown Lexington currently has only 18% urban tree canopy coverage. The TBCC would integrate a much-needed tree canopy into the downtown. SCAPE estimates that an increase from 25% to 40% of tree canopy in the urban service area of Lexington would yield over $16 million in additional benefits from air pollution reduction and storm water capture benefits.

Habitat is key in maintaining biodiversity and to help urban residents relate to nature, experiencing bird songs, passing butterflies, and other members of the animal kingdom along the pathway. The bioswales may minimally provide habitat for the Interior least tern (Sterna antillarum athalassos) which is one of Kentucky's Endangered Species, and is also endangered nationally. The least tern likes natural, shallow water areas, usually larger than the study area. But there may yet be occasional use of the bioswales by least tern’s (bird species), because loss of habitat is increasingly urbanizing the tern’s selection of area for feeding and mating areas. The State of Kentucky also has three endangered bats, some of which may benefit from increased natural areas within the urban environment and the insects there that the bats can fee upon. Habitat Benefits were not quantified. 
Safety 

A well-designed project can reduce fatalities and injuries as well as reduce other crash costs. 
Crash Reduction Savings 

According to Kentucky State Police records from January 2004 to December 2016, there were 1,149 property damage crashes and 299 injury crashes resulting in 436 injuries involving vehicles, bicycles, and pedestrians within 200 feet of the proposed project for Tier 1.  On average, these crashes were valued at $12.1 million per year. It is assumed that the low reduction in crash costs will be 40% of existing crash costs for all users due to the creation of an off-path facility based on previous studies
. This reduction is expected to occur due to a reduction in VMT and improvements to the roadway and intersections. Alternatively, a reduction in crash costs of 10% and 25% are explored in the Sensitivity Analysis. Crash Reduction Savings are monetized using the BCA Guidance recommended Value of Injuries and Lives. Crash Reduction Savings amount to $49.1 million for Tier 1. 
Table 16 – Tier 1 Crash Cost Reduction Savings

	Year
	No Build Crash Costs
	Build Crash Costs
	Reduced Crash Costs
	Discounted Crash Costs

	2018
	$12,111,000
	$12,111,000
	$0
	$0

	2019
	$12,111,000
	$12,111,000
	$0
	$0

	2020
	$12,111,000
	$7,266,000
	$4,844,000
	$3,696,000

	2021
	$12,111,000
	$7,266,000
	$4,844,000
	$3,454,000

	2022
	$12,111,000
	$7,266,000
	$4,844,000
	$3,228,000

	2023
	$12,111,000
	$7,266,000
	$4,844,000
	$3,017,000

	2024
	$12,111,000
	$7,266,000
	$4,844,000
	$2,819,000

	2025
	$12,111,000
	$7,266,000
	$4,844,000
	$2,635,000

	2026
	$12,111,000
	$7,266,000
	$4,844,000
	$2,463,000

	2027
	$12,111,000
	$7,266,000
	$4,844,000
	$2,301,000

	2028
	$12,111,000
	$7,266,000
	$4,844,000
	$2,151,000

	2029
	$12,111,000
	$7,266,000
	$4,844,000
	$2,010,000

	2030
	$12,111,000
	$7,266,000
	$4,844,000
	$1,879,000

	2031
	$12,111,000
	$7,266,000
	$4,844,000
	$1,756,000

	2032
	$12,111,000
	$7,266,000
	$4,844,000
	$1,641,000

	2033
	$12,111,000
	$7,266,000
	$4,844,000
	$1,534,000

	2034
	$12,111,000
	$7,266,000
	$4,844,000
	$1,433,000

	2035
	$12,111,000
	$7,266,000
	$4,844,000
	$1,339,000

	2036
	$12,111,000
	$7,266,000
	$4,844,000
	$1,252,000

	2037
	$12,111,000
	$7,266,000
	$4,844,000
	$1,170,000

	2038
	$12,111,000
	$7,266,000
	$4,844,000
	$1,093,000

	2039
	$12,111,000
	$7,266,000
	$4,844,000
	$1,022,000

	2040
	$12,111,000
	$7,266,000
	$4,844,000
	$955,000

	2041
	$12,111,000
	$7,266,000
	$4,844,000
	$893,000

	2042
	$12,111,000
	$7,266,000
	$4,844,000
	$834,000

	2043
	$12,111,000
	$7,266,000
	$4,844,000
	$780,000

	2044
	$12,111,000
	$7,266,000
	$4,844,000
	$729,000

	2045
	$12,111,000
	$7,266,000
	$4,844,000
	$681,000

	2046
	$12,111,000
	$7,266,000
	$4,844,000
	$636,000

	2047
	$12,111,000
	$7,266,000
	$4,844,000
	$595,000

	2048
	$12,111,000
	$7,266,000
	$4,844,000
	$556,000

	2049
	$12,111,000
	$7,266,000
	$4,844,000
	$519,000

	Total 
	$387,543,000
	$242,214,000
	$145,329,000
	$49,070,000


Summary Tables
The results of the BCA for each benefit category are summarized by Discount Rate below in Tables 17 and 18.
Table 17 – Tier 1 BCA Summary Table – 7%
	Year 
	State of Good Repair 
	Economic Competitiveness 
	Quality of Life 
	Environmental Sustainability 
	Safety 
	TOTAL BENEFITS
	TOTAL COSTS

	2016
	$0
	$0
	$0
	$0
	$0
	$0
	$5,520,000

	2017
	$0
	$0
	$0
	$0
	$0
	$0
	$1,752,000

	2018
	$0
	$0
	$0
	$0
	$0
	$0
	$5,505,000

	2019
	$0
	$0
	$0
	$0
	$0
	$0
	$5,145,000

	2020
	$1,200
	$208,000
	$3,464,000
	$40,000
	$3,696,000
	$7,409,200
	$23,000

	2021
	$1,100
	$196,000
	$0
	$39,000
	$3,454,000
	$3,690,100
	$20,000

	2022
	$1,000
	$185,000
	$0
	$39,000
	$3,228,000
	$3,453,000
	$19,000

	2023
	$1,000
	$176,000
	$0
	$39,000
	$3,017,000
	$3,233,000
	$17,000

	2024
	$900
	$166,000
	$0
	$38,000
	$2,819,000
	$3,023,900
	$16,000

	2025
	$900
	$157,000
	$0
	$38,000
	$2,635,000
	$2,830,900
	$17,000

	2026
	$800
	$148,000
	$0
	$38,000
	$2,463,000
	$2,649,800
	$14,000

	2027
	$800
	$141,000
	$0
	$38,000
	$2,301,000
	$2,480,800
	$13,000

	2028
	$700
	$132,000
	$0
	$38,000
	$2,151,000
	$2,321,700
	$12,000

	2029
	$700
	$125,000
	$0
	$37,000
	$2,010,000
	$2,172,700
	$12,000

	2030
	$700
	$118,000
	$0
	$37,000
	$1,879,000
	$2,034,700
	$12,000

	2031
	$600
	$111,000
	$0
	$38,000
	$1,756,000
	$1,905,600
	$10,000

	2032
	$600
	$106,000
	$0
	$38,000
	$1,641,000
	$1,785,600
	$9,000

	2033
	$600
	$99,000
	$0
	$38,000
	$1,534,000
	$1,671,600
	$9,000

	2034
	$500
	$94,000
	$0
	$39,000
	$1,433,000
	$1,566,500
	$8,000

	2035
	$500
	$90,000
	$0
	$39,000
	$1,339,000
	$1,468,500
	$8,000

	2036
	$500
	$83,000
	$0
	$39,000
	$1,252,000
	$1,374,500
	$7,000

	2037
	$400
	$79,000
	$0
	$40,000
	$1,170,000
	$1,289,400
	$7,000

	2038
	$400
	$75,000
	$0
	$40,000
	$1,093,000
	$1,208,400
	$6,000

	2039
	$400
	$71,000
	$0
	$41,000
	$1,022,000
	$1,134,400
	$6,000

	2040
	$400
	$67,000
	$0
	$42,000
	$955,000
	$1,064,400
	$6,000

	2041
	$400
	$63,000
	$0
	$42,000
	$893,000
	$998,400
	$5,000

	2042
	$300
	$60,000
	$0
	$42,000
	$834,000
	$936,300
	$5,000

	2043
	$300
	$57,000
	$0
	$43,000
	$780,000
	$880,300
	$5,000

	2044
	$300
	$54,000
	$0
	$43,000
	$729,000
	$826,300
	$4,000

	2045
	$300
	$51,000
	$0
	$44,000
	$681,000
	$776,300
	$4,000

	2046
	$300
	$48,000
	$0
	$45,000
	$636,000
	$729,300
	$4,000

	2047
	$300
	$45,000
	$0
	$46,000
	$595,000
	$686,300
	$3,000

	2048
	$200
	$43,000
	$0
	$47,000
	$556,000
	$646,200
	$3,000

	2049
	$200
	$40,000
	$0
	$48,000
	$519,000
	$607,200
	-$947,000

	Total 
	$17,300
	$3,088,000
	$3,464,000
	$1,215,000
	$49,071,000
	$56,855,300
	$17,259,000

	
	BCR
	3.3

	
	Benefits Per Federal Dollar 
	$4.08


Table 18 – Tier 1 BCA Summary Table – 3%
	Year 
	State of Good Repair 
	Economic Competitiveness 
	Quality of Life 
	Environmental Sustainability 
	Safety 
	TOTAL BENEFITS
	TOTAL COSTS

	2016
	$0
	$0
	$0
	$0
	$0
	$0
	$5,520,000

	2017
	$0
	$0
	$0
	$0
	$0
	$0
	$1,820,000

	2018
	$0
	$0
	$0
	$0
	$0
	$0
	$5,941,000

	2019
	$0
	$0
	$0
	$0
	$0
	$0
	$5,768,000

	2020
	$1,400
	$242,000
	$4,034,000
	$43,000
	$4,304,000
	$8,624,400
	$27,000

	2021
	$1,300
	$237,000
	$0
	$43,000
	$4,179,000
	$4,460,300
	$24,000

	2022
	$1,300
	$233,000
	$0
	$43,000
	$4,057,000
	$4,334,300
	$23,000

	2023
	$1,300
	$228,000
	$0
	$44,000
	$3,939,000
	$4,212,300
	$23,000

	2024
	$1,300
	$224,000
	$0
	$44,000
	$3,824,000
	$4,093,300
	$22,000

	2025
	$1,200
	$221,000
	$0
	$44,000
	$3,713,000
	$3,979,200
	$24,000

	2026
	$1,200
	$217,000
	$0
	$45,000
	$3,605,000
	$3,868,200
	$21,000

	2027
	$1,200
	$212,000
	$0
	$45,000
	$3,500,000
	$3,758,200
	$20,000

	2028
	$1,200
	$209,000
	$0
	$45,000
	$3,398,000
	$3,653,200
	$20,000

	2029
	$1,200
	$205,000
	$0
	$45,000
	$3,299,000
	$3,550,200
	$19,000

	2030
	$1,100
	$201,000
	$0
	$46,000
	$3,203,000
	$3,451,100
	$20,000

	2031
	$1,100
	$198,000
	$0
	$47,000
	$3,109,000
	$3,355,100
	$18,000

	2032
	$1,100
	$194,000
	$0
	$47,000
	$3,019,000
	$3,261,100
	$17,000

	2033
	$1,100
	$190,000
	$0
	$47,000
	$2,931,000
	$3,169,100
	$17,000

	2034
	$1,100
	$186,000
	$0
	$48,000
	$2,846,000
	$3,081,100
	$16,000

	2035
	$1,000
	$184,000
	$0
	$48,000
	$2,763,000
	$2,996,000
	$17,000

	2036
	$1,000
	$180,000
	$0
	$49,000
	$2,682,000
	$2,912,000
	$16,000

	2037
	$1,000
	$177,000
	$0
	$49,000
	$2,604,000
	$2,831,000
	$15,000

	2038
	$1,000
	$173,000
	$0
	$50,000
	$2,528,000
	$2,752,000
	$15,000

	2039
	$1,000
	$170,000
	$0
	$51,000
	$2,455,000
	$2,677,000
	$14,000

	2040
	$900
	$168,000
	$0
	$52,000
	$2,383,000
	$2,603,900
	$15,000

	2041
	$900
	$164,000
	$0
	$52,000
	$2,314,000
	$2,530,900
	$13,000

	2042
	$900
	$161,000
	$0
	$52,000
	$2,246,000
	$2,459,900
	$13,000

	2043
	$900
	$158,000
	$0
	$53,000
	$2,181,000
	$2,392,900
	$13,000

	2044
	$900
	$155,000
	$0
	$54,000
	$2,117,000
	$2,326,900
	$12,000

	2045
	$900
	$153,000
	$0
	$54,000
	$2,056,000
	$2,263,900
	$13,000

	2046
	$800
	$150,000
	$0
	$55,000
	$1,996,000
	$2,201,800
	$12,000

	2047
	$800
	$147,000
	$0
	$56,000
	$1,938,000
	$2,141,800
	$11,000

	2048
	$800
	$145,000
	$0
	$57,000
	$1,881,000
	$2,083,800
	$11,000

	2049
	$800
	$141,000
	$0
	$58,000
	$1,826,000
	$2,025,800
	-$3,331,000

	Total 
	$31,700
	$5,623,000
	$4,034,000
	$1,466,000
	$86,896,000
	$98,050,700
	$16,219,000

	
	BCR
	6.1

	
	Benefits Per Federal Dollar 
	$6.52


Sensitivity Analysis 

Due to the many assumptions necessary to estimate future benefits, minor input changes can result in significant changes to a project’s Net Benefits or BCA Score. The sensitivity analysis explores a multitude of input changes to confirm the project’s feasibility. 
Table 19 – Tier 1 Sensitivity Analysis
	BCA Change
	BCA
	NPV of Net Benefits
	Change in NPV of Net Benefits
	Percent Change in NPV of Net Benefits

	Initial Analysis
	3.29
	$39,596,300 
	-
	-

	3% Discount Rate 
	6.05
	$81,831,700 
	$42,235,400.00
	106.7%

	20-Year Project Life 
	3.03
	$32,651,300 
	-$6,945,000.00
	-17.5%

	25% Crash Reduction
	2.23
	$21,191,300 
	-$18,405,000.00
	-46.5%

	10% Crash Reduction   
	1.16
	$2,792,300 
	-$36,804,000.00
	-92.9%

	4.73% Property Value Premium
	4.04
	$52,524,300 
	$12,928,000.00
	32.6%

	Inclusion of Recreation and Mobility Benefits
	4.64
	$62,777,748 
	$23,181,448.00
	58.5%

	Zero Residual Value 
	3.12
	$38,646,300 
	-$950,000.00
	-2.4%


Tier 2 Analysis

A reduced, scalable project was considered as a secondary alternative to the full project. This Tier 2 BCA eliminates Zone 6 from the full project (Tier 1). 

Table 20 – Tier 2 Project Matrix

	Tier 2: Scalable Project

	Current Status
	Changes to Baseline
	Type of Impacts
	Population Affected by Impacts
	Economic Benefit
	Summary of Results

	Local commuters drive, carpool, etc. to work
	A modal shift to bicycle and pedestrian commuting
	Reduction in VMT
	In 2014, the Project Area had an estimated 12,907 commuters. From 2020-2049, there is expected to be between 7,911 and 10,927commuters plus additional recreational users affected by the project.
	Reduced Vehicle Maintenance, Reduced Roadway Maintenance, Congestion Savings, Reduced Fuel Consumption, Reduced Emissions, Reduced Vehicle Crashes
	An estimated $2.7M in benefits over the 30-year project life

	Disconnected bicycle and pedestrian Trails
	A 1.95-mile bicycle and pedestrian trail and associated complete streets project that connects existing regional network.
	An increase in total bicycle and pedestrian users and accessibility.  Increase experience for existing users.
	In 2014, the Project Area had an estimated 326 existing bicycle and 1,380 existing pedestrian users. From 2020-2049, new bicycle and pedestrian users are expected to be between 739 and 1,021
	Recreation, Health, and Mobility Benefits
	Quality of Life Benefits are difficult to quantify. Debated methodologies estimated to be $20.3M in benefits over the 30-year project life.

	
	
	
	
	
	*These were not included in the BCR calculation. 

	Limited bicycle and pedestrian accessibility near homes
	Added trail amenities which will increase nearby home values
	Property Value premiums
	1,673 housing units within 0.25 miles of the project area 
	Quality of Life, Property Value Premiums
	Property Value premium benefits amount to $3.0M over the 30-year project life. 

	Cyclists and pedestrians are commuting near or on roadways
	The creation of an off-road multi-use path, intersection improvements, and crossings. 
	Decrease in crash costs for all users. 
	From 2011 to 2014, there were 1,118 PDO, 284 Injury, and 0 Fatal Crash near the Project Area.
	Safety Benefits 
	An estimated $46.9M million in benefits over the 30-year project life. 


The BCA score for the Tier 2 project was calculated at 5.8 using a 7% discount rate.  The net present value (NPV) of benefits totals $53.6 million. The NPV of project costs total $9.3 million and the NPV of federal costs total $5.8 million. The NPV of Net Benefits equals $44.4 million. For every federal dollar spent, the Project will yield $9.43 in project benefits. 

Table 21 – Tier 2 BCA Summary
	Long-Term Outcomes
	Tier 1: Complete Project
	Tier 2: Scaled Project

	
	3%
	7%
	3% Discount Rate
	7% Discount Rate

	State of Good Repair
	$32,000
	$17,000
	$27,000
	$15,000

	Economic Competitiveness
	$5,623,000
	$3,088,000
	$4,868,000
	$2,673,000

	Quality of Life
	$4,034,000
	$3,464,000
	$3,503,000
	$3,008,000

	Environmental Sustainability
	$1,466,000
	$1,215,000
	$1,270,000
	$1,050,000

	Safety
	$86,896,000
	$49,071,000
	$83,060,000
	$46,902,000

	Total Benefits (Discounted)
	$98,051,000
	$56,855,000
	$92,728,000
	$53,648,000

	Undiscounted Costs 
	$11,994,000
	$11,994,000
	$5,971,000
	$5,971,000

	Total Costs (Discounted)
	$16,219,000
	$17,249,000
	$8,640,000
	$9,293,000

	Net Benefits
	$81,832,00
	$39,596,000
	$84,088,000
	$44,355,000

	BCA Score
	6.1
	3.3
	10.7
	5.8


The Tier 2 total capital costs amount to $11.0 million, of which $3.1 million will be spent on PS&E costs and $7.9 million will be spent on construction.  These costs will be distributed from the 4th quarter of 2016 to the 4th quarter of 2019. Considering full maintenance is applied to the project, a conservatively estimated residual value of $5.7 million is applied as a negative project cost in project year-30, or 2049. The total NPV of PS&E and Construction Costs amounts to $9.3 million. Tier 2 O&M costs associated with the bicycle and pedestrian improvements amounts to between $21,000 and $23,000 per year.  The total NPV of O&M costs amounts to $199,000. A detailed cost breakdown of both capital and O&M costs in presented in Table 22.
Table22 – Tier 2 Lifecycle Costs

	Year 
	PS&E
	Construction 
	Capital Total 
	Trail O&M 
	Total
	Discounted Total Project Costs

	2016
	$1,850,000
	$0
	$1,850,000
	$0
	$1,850,000
	$1,850,000

	2017
	$1,200,000
	$0
	$1,200,000
	$0
	$1,200,000
	$1,121,000

	2018
	$0
	$3,974,000
	$3,974,000
	$0
	$3,974,000
	$3,471,000

	2019
	$0
	$3,974,000
	$3,974,000
	$0
	$3,974,000
	$3,244,000

	2020
	$0
	$0
	$0
	$23,000
	$23,000
	$17,000

	2021
	$0
	$0
	$0
	$21,000
	$21,000
	$15,000

	2022
	$0
	$0
	$0
	$21,000
	$21,000
	$14,000

	2023
	$0
	$0
	$0
	$21,000
	$21,000
	$13,000

	2024
	$0
	$0
	$0
	$21,000
	$21,000
	$12,000

	2025
	$0
	$0
	$0
	$23,000
	$23,000
	$12,000

	2026
	$0
	$0
	$0
	$21,000
	$21,000
	$10,000

	2027
	$0
	$0
	$0
	$21,000
	$21,000
	$10,000

	2028
	$0
	$0
	$0
	$21,000
	$21,000
	$9,000

	2029
	$0
	$0
	$0
	$21,000
	$21,000
	$9,000

	2030
	$0
	$0
	$0
	$23,000
	$23,000
	$9,000

	2031
	$0
	$0
	$0
	$21,000
	$21,000
	$7,000

	2032
	$0
	$0
	$0
	$21,000
	$21,000
	$7,000

	2033
	$0
	$0
	$0
	$21,000
	$21,000
	$7,000

	2034
	$0
	$0
	$0
	$21,000
	$21,000
	$6,000

	2035
	$0
	$0
	$0
	$23,000
	$23,000
	$6,000

	2036
	$0
	$0
	$0
	$21,000
	$21,000
	$5,000

	2037
	$0
	$0
	$0
	$21,000
	$21,000
	$5,000

	2038
	$0
	$0
	$0
	$21,000
	$21,000
	$5,000

	2039
	$0
	$0
	$0
	$21,000
	$21,000
	$4,000

	2040
	$0
	$0
	$0
	$23,000
	$23,000
	$4,000

	2041
	$0
	$0
	$0
	$21,000
	$21,000
	$4,000

	2042
	$0
	$0
	$0
	$21,000
	$21,000
	$4,000

	2043
	$0
	$0
	$0
	$21,000
	$21,000
	$3,000

	2044
	$0
	$0
	$0
	$21,000
	$21,000
	$3,000

	2045
	$0
	$0
	$0
	$23,000
	$23,000
	$3,000

	2046
	$0
	$0
	$0
	$21,000
	$21,000
	$3,000

	2047
	$0
	$0
	$0
	$21,000
	$21,000
	$3,000

	2048
	$0
	$0
	$0
	$21,000
	$21,000
	$2,000

	2049
	$0
	$0
	-$5,658,000
	$21,000
	-$5,637,000
	-$604,000

	Total 
	$3,050,000
	$7,948,000
	$5,341,000
	$631,000
	$5,971,000
	$9,294,000


The Tier 2 analysis for the reduced, scalable project used the same methodology as the Tier 1 analysis, described in the previous section. The results of this analysis are shown below. 
Table 23 – Tier 2 BCA Summary Table – 7%
	Year 
	State of Good Repair 
	Economic Competitiveness 
	Quality of Life 
	Environmental Sustainability 
	Safety 
	TOTAL BENEFITS
	TOTAL COSTS

	2016
	$0
	$0
	$0
	$0
	$0
	$0
	$1,850,000

	2017
	$0
	$0
	$0
	$0
	$0
	$0
	$1,121,000

	2018
	$0
	$0
	$0
	$0
	$0
	$0
	$3,471,000

	2019
	$0
	$0
	$0
	$0
	$0
	$0
	$3,244,000

	2020
	$1,000
	$180,000
	$3,008,000
	$35,000
	$3,533,000
	$6,757,000
	$17,000

	2021
	$1,000
	$170,000
	$0
	$34,000
	$3,301,000
	$3,506,000
	$15,000

	2022
	$900
	$161,000
	$0
	$33,000
	$3,085,000
	$3,279,900
	$14,000

	2023
	$900
	$152,000
	$0
	$33,000
	$2,884,000
	$3,069,900
	$13,000

	2024
	$800
	$143,000
	$0
	$33,000
	$2,695,000
	$2,871,800
	$12,000

	2025
	$800
	$135,000
	$0
	$33,000
	$2,519,000
	$2,687,800
	$12,000

	2026
	$700
	$129,000
	$0
	$33,000
	$2,354,000
	$2,516,700
	$10,000

	2027
	$700
	$122,000
	$0
	$33,000
	$2,200,000
	$2,355,700
	$10,000

	2028
	$600
	$115,000
	$0
	$33,000
	$2,056,000
	$2,204,600
	$9,000

	2029
	$600
	$108,000
	$0
	$32,000
	$1,921,000
	$2,061,600
	$9,000

	2030
	$600
	$102,000
	$0
	$32,000
	$1,796,000
	$1,930,600
	$9,000

	2031
	$500
	$97,000
	$0
	$33,000
	$1,678,000
	$1,808,500
	$7,000

	2032
	$500
	$92,000
	$0
	$33,000
	$1,568,000
	$1,693,500
	$7,000

	2033
	$500
	$86,000
	$0
	$33,000
	$1,466,000
	$1,585,500
	$7,000

	2034
	$500
	$81,000
	$0
	$33,000
	$1,370,000
	$1,484,500
	$6,000

	2035
	$400
	$77,000
	$0
	$34,000
	$1,280,000
	$1,391,400
	$6,000

	2036
	$400
	$73,000
	$0
	$34,000
	$1,197,000
	$1,304,400
	$5,000

	2037
	$400
	$68,000
	$0
	$34,000
	$1,118,000
	$1,220,400
	$5,000

	2038
	$400
	$65,000
	$0
	$35,000
	$1,045,000
	$1,145,400
	$5,000

	2039
	$300
	$62,000
	$0
	$36,000
	$977,000
	$1,075,300
	$4,000

	2040
	$300
	$58,000
	$0
	$36,000
	$913,000
	$1,007,300
	$4,000

	2041
	$300
	$55,000
	$0
	$36,000
	$853,000
	$944,300
	$4,000

	2042
	$300
	$51,000
	$0
	$36,000
	$797,000
	$884,300
	$4,000

	2043
	$300
	$48,000
	$0
	$37,000
	$745,000
	$830,300
	$3,000

	2044
	$300
	$46,000
	$0
	$38,000
	$696,000
	$780,300
	$3,000

	2045
	$200
	$44,000
	$0
	$38,000
	$651,000
	$733,200
	$3,000

	2046
	$200
	$42,000
	$0
	$39,000
	$608,000
	$689,200
	$3,000

	2047
	$200
	$39,000
	$0
	$39,000
	$568,000
	$646,200
	$3,000

	2048
	$200
	$37,000
	$0
	$41,000
	$531,000
	$609,200
	$2,000

	2049
	$200
	$35,000
	$0
	$41,000
	$497,000
	$573,200
	-$604,000

	Total 
	$15,000
	$2,673,000
	$3,008,000
	$1,050,000
	$46,902,000
	$53,648,000
	$9,293,000

	
	BCR
	5.8

	
	Benefits Per Federal Dollar 
	$9.43


Table 24 – Tier 2 BCA Summary Table – 3%
	Year 
	State of Good Repair 
	Economic Competitiveness 
	Quality of Life 
	Environmental Sustainability 
	Safety 
	TOTAL BENEFITS
	TOTAL COSTS

	2016
	$0
	$0
	$0
	$0
	$0
	$0
	$1,850,000

	2017
	$0
	$0
	$0
	$0
	$0
	$0
	$1,165,000

	2018
	$0
	$0
	$0
	$0
	$0
	$0
	$3,746,000

	2019
	$0
	$0
	$0
	$0
	$0
	$0
	$3,637,000

	2020
	$1,200
	$209,000
	$3,503,000
	$38,000
	$4,114,000
	$7,865,200
	$20,000

	2021
	$1,200
	$205,000
	$0
	$37,000
	$3,994,000
	$4,237,200
	$18,000

	2022
	$1,100
	$202,000
	$0
	$38,000
	$3,878,000
	$4,119,100
	$17,000

	2023
	$1,100
	$198,000
	$0
	$38,000
	$3,765,000
	$4,002,100
	$17,000

	2024
	$1,100
	$194,000
	$0
	$38,000
	$3,655,000
	$3,888,100
	$16,000

	2025
	$1,100
	$192,000
	$0
	$39,000
	$3,549,000
	$3,781,100
	$17,000

	2026
	$1,100
	$188,000
	$0
	$39,000
	$3,446,000
	$3,674,100
	$15,000

	2027
	$1,000
	$184,000
	$0
	$39,000
	$3,345,000
	$3,569,000
	$15,000

	2028
	$1,000
	$180,000
	$0
	$39,000
	$3,248,000
	$3,468,000
	$14,000

	2029
	$1,000
	$177,000
	$0
	$39,000
	$3,153,000
	$3,370,000
	$14,000

	2030
	$1,000
	$174,000
	$0
	$40,000
	$3,061,000
	$3,276,000
	$15,000

	2031
	$1,000
	$170,000
	$0
	$40,000
	$2,972,000
	$3,183,000
	$13,000

	2032
	$900
	$168,000
	$0
	$41,000
	$2,886,000
	$3,095,900
	$13,000

	2033
	$900
	$165,000
	$0
	$41,000
	$2,802,000
	$3,008,900
	$12,000

	2034
	$900
	$162,000
	$0
	$41,000
	$2,720,000
	$2,923,900
	$12,000

	2035
	$900
	$159,000
	$0
	$42,000
	$2,641,000
	$2,842,900
	$13,000

	2036
	$900
	$157,000
	$0
	$42,000
	$2,564,000
	$2,763,900
	$11,000

	2037
	$900
	$153,000
	$0
	$43,000
	$2,489,000
	$2,685,900
	$11,000

	2038
	$800
	$150,000
	$0
	$43,000
	$2,417,000
	$2,610,800
	$11,000

	2039
	$800
	$147,000
	$0
	$44,000
	$2,346,000
	$2,537,800
	$10,000

	2040
	$800
	$145,000
	$0
	$45,000
	$2,278,000
	$2,468,800
	$11,000

	2041
	$800
	$142,000
	$0
	$45,000
	$2,212,000
	$2,399,800
	$10,000

	2042
	$800
	$140,000
	$0
	$45,000
	$2,147,000
	$2,332,800
	$10,000

	2043
	$800
	$137,000
	$0
	$46,000
	$2,085,000
	$2,268,800
	$9,000

	2044
	$800
	$134,000
	$0
	$46,000
	$2,024,000
	$2,204,800
	$9,000

	2045
	$700
	$132,000
	$0
	$47,000
	$1,965,000
	$2,144,700
	$10,000

	2046
	$700
	$130,000
	$0
	$48,000
	$1,908,000
	$2,086,700
	$8,000

	2047
	$700
	$127,000
	$0
	$48,000
	$1,852,000
	$2,027,700
	$8,000

	2048
	$700
	$125,000
	$0
	$49,000
	$1,798,000
	$1,972,700
	$8,000

	2049
	$700
	$122,000
	$0
	$50,000
	$1,746,000
	$1,918,700
	-$2,125,000

	Total 
	$27,400
	$4,868,000
	$3,503,000
	$1,270,000
	$83,060,000
	$92,728,400
	$8,640,000

	
	BCR
	10.7

	
	Benefits Per Federal Dollar 
	$14.49
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