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EXECUTIVE SUMMARY

The Maryland State Highway Administration (SHA) has initiated major planning efforts to
improve transportation efficiency, safety and sustainability on critical highway corridors through
its Comprehensive Highway Corridor (CHC) program. It is important for planners to be able to
compare various types of highway improvement options during the need analysis and long-range
planning processes to select the best program-level plans for the corridor. SHA funded a research
project titled “Comprehensive Highway Corridor Planning with Sustainability Indicators” to
support the CHC and Sustainability Initiatives and to develop a Model Of Sustainability and
Integrated Corridors (MOSAIC), which will help SHA estimate the sustainability impact of
multimodal highway improvement options early in the transportation planning and
environmental screening processes. The results from this research project can also help SHA

achieve its mobility, safety, socio-economic and environmental stewardship objectives.
This research project had three specific objectives:
1. Define sustainability indicators that are relevant to SHA’s CHC program.

2. Develop a high-level planning model that helps SHA integrate the identified

sustainability indicators into the CHC program at the project/corridor level.

3. Provide analysis tools for integrating safety, mobility, environmental stewardship, and
socio-economic objectives into SHA’s corridor planning process with consideration for

multimodal corridor improvement options.

Based on these research objectives, a team of researchers at the University of Maryland, College
Park, worked closely with SHA’s technical liaisons and research staff to successfully develop the
MOSAIC tool. Six categories of sustainability indicators (mobility, safety, socio-economic
impact, natural resources, energy and emissions, and cost) and more than thirty sustainability
performance measures have been defined as evaluation criteria for the selection of highway
corridor improvement options. MOSAIC considers the no-build and ten additional multimodal
corridor improvement options, including adding general purpose lanes, upgrading at-grade

intersections to grade-separated interchanges, road diet (i.e. lane removal), high occupancy

MD-13-SP109B4Q Project Final Report UMD Transportation Systems Research Lab Page |



vehicle (HOV) lane, high occupancy toll (HOT) lane, bus rapid transit/bus-only lane, light rail
transit, truck-only lane and express toll lane.

Various quantitative models have been developed to analyze the impacts of these alternative
corridor improvement options on the identified sustainability indicators. The impacts on these

sustainability indicators are then evaluated based on policy considerations and SHA priorities.

After completing the model development, MOSAIC was applied to the US 29 corridor within
Maryland, thus demonstrating the feasibility and usefulness of this comprehensive tool for
sustainable highway corridor planning. When the same weights are given to all six categories of
sustainability indicators, the final evaluation results suggest several improvement options would

be effective in enhancing sustainability throughout the US 29 corridor.

The current version of MOSAIC runs using a Microsoft Excel spreadsheet and includes: (1) a
user input module where users can select a corridor and the candidate highway improvement
options for that corridor, (2) several analysis modules that quantitatively estimate the impact of
user-specified improvement options on all sustainability indicators, and (3) an output module
that provides both numerical and graphical outputs. Planned future research will integrate the
existing MOSAIC tool into the SHA Enterprise GIS (eGIS) environment, which will further
streamline MOSAIC input and output procedures for state-wide planning applications in
Maryland.

The UMD research team, the SHA project champion, technical liaisons, and the SHA advisory
committee members share a common vision: that MOSAIC will become a flagship application of
the SHA CHC Program by assisting SHA in multimodal highway corridor improvement
decision-making and by demonstrating SHA’s commitment to incorporating social, economic,

environmental, and sustainability considerations in its transportation planning process.
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CHAPTER 1: INTRODUCTION

The SHA is committed to integrating safety, mobility, environmental stewardship, and socio-
economic objectives into its transportation planning process through its Comprehensive Highway
Corridors (CHC) program. To support its sustainability initiatives, SHA has funded the
development of a Model Of Sustainability And Integrated Corridors (MOSAIC), which defines
sustainability indicators, analyzes the sustainability impact of corridor improvements, and
identifies environmental mitigation needs early in the planning process. The sustainability
indicators include mobility, safety, air quality, energy consumption, natural resource impact,
pollution and green house gas emissions, socio-economics and cost. When implemented during
the highway needs assessment and long-range planning stages, MOSAIC can help SHA identify
the corridor improvement option that best balances these sustainability indicators. Also, it avoids
options with major negative environmental impacts that often lead to costly and lengthy
environmental screening and mitigation procedures. MOSAIC is different from microscopic
traffic simulation (e.g Synchro, Vissim) and EPA emission models (e.g. MOVES) that provide
detailed pollution and green house gas (GHG) emission estimates for a particular project with a
predetermined improvement type; instead, MOSAIC integrates sustainability objectives before
the selection of an improvement type. Furthermore, it incorporates a more comprehensive set of
sustainability indicators and provides high-level impact analysis with minimum requirements on

staff time and other resources.

A transportation corridor planning study usually consists of several sequential steps that include
problem identification, determination of goals and evaluation criteria, development/evaluation of
initial alternatives, development/evaluation of detailed alternatives, financial analysis, alternative
selection, transportation plan updates, project development and project implementation. The
affected communities and interested stakeholders may also be involved in each corridor-planning
step. This is essential because the greatest benefits and the most streamlined process of
transportation corridor improvements are obtained when the relevant agencies and stakeholders
are involved early in the planning process. Also, the environmental impact mitigation needs to be
provided in a proactive and systematic fashion, the multiple corridor projects need to be
considered at the program level (instead of on a project-by-project basis), and decisions need to

be driven by clear goals and objectives, high-quality data, and valid objective modeling tools.
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For instance, the concept of “environmental banking” allows highway agencies to provide
mitigation in advance of the actual needs for replacement/restoration of wetlands and habitat. A
negative impact in one corridor can be balanced cost-effectively by a benefit in another corridor.
However, the successful application of such proactive measures would require prior knowledge
of the likely sustainability impact of multiple corridor improvement projects, so that the
appropriate type and amount of mitigation can be planned ahead systematically.

This project report summarizes the methods employed in MOSAIC for estimating the
sustainability impacts of various corridor improvement options. These impacts are categorized
into six major groups: mobility, safety, socio-economic, natural resources, energy and emissions,
and cost. Phase Two of the project focused on comparing the sustainability impact of both the
no-build case and ten additional multimodal corridor improvement options, including adding
general purpose lanes, upgrading at-grade intersections to grade-separated interchanges, road diet
(i.e. lane removal), high occupancy vehicle (HOV) lane, high occupancy toll (HOT) lane, bus

rapid transit/bus-only lane, light rail transit, truck-only lane, and express toll lane.

After an extensive review of the literature and best practices, along with several discussions with
SHA project liaisons and other SHA staff members, the UMD research team defined a
comprehensive set of sustainability indicators that are incorporated and quantitatively evaluated
in MOSAIC (see Table 1). For comparison purposes, the sustainability indicators adopted by the
Texas DOT for its Sustainability Enhancement Tool (SET) are listed in Table 1.

The remainder of the project report is organized as follows: Chapter 2 summarizes and briefly
discusses new mode choice models developed in phase two of the MOSAIC project that are
necessary for multimodal corridor planning; Chapters 3 through 9 document the technical details
of various MOSAIC input/output and analysis modules; Chapter 10 presents the findings from a
case study that applies multimodal MOSAIC to the US 29 corridor between the DC-Maryland
border (just south of 1-495) and 1-70; and finally, Chapter 11 provides a research roadmap to
present planned future development of the MOSAIC tool, as well as its integration with the SHA
enterprise GIS system for enhanced user friendliness.
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MOSAIC SET (TxDOT)

Table 1. Sustainability Indicators in MOSAIC Compared with SET

Sustainability | Sustainability Indicators TxDOT Goals | Performance Measures
Categories
Mobility Travel Time Savings Reduce Travel Time Index
Delay Congestion Buffer Index
Speed
Level of Service (LOS)
Travel Reliability
Safety Accident Counts and Rate Enhance Safety | Annual Severe Crashes per Mile
Accident Severity Percentage Lane-miles under
Traffic Monitoring/ Surveillance
Socio- Economic Impact Expand Land-use Balance
Economic Compatibility with Existing Land Economic Truck Throughput Efficiency
Impact Use Opportunity
Within Smart Growth —-PFA Increase the Average Pavement Condition Score
Boundaries Value of
Livability Transportation | Capacity Addition within Available
Assets Right of Way
Noise Proportion of Non-single-occupant
Esthetics Travel
Compatibility with Sustainable
Transportation Modes
(Transit/Bike/Walk)
Cost Costs Cost Recovery from Alternative
Sources
Energy and Green House Gas Improve Air Daily NOx, CO, and VOC
Emission Quality Emission per Mile of Roadway
Pollution emissions Daily CO2 Emission per Mile of
Roadway
Attainment of Ambient Air Quality
Standards
Fuel Consumption
Natural Quantity of and degree of disturbance
Resources on Impacted Cultural/Historical
Sites, Steep Slopes, Highly Erodible
Soils, Wetlands, Waterways,
Floodplains Forests, Critical Areas,
Springs/Seeps, Bedrock/Geology
Areas, Natural Species, Storm Water
Facilities, etc
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CHAPTER 2: PIVOT-POINT MODE CHOICE MODEL

MOSAIC first applies the pivot-point and the enhanced incremental mode choice models in
order to analyze the planning-level sustainability impact (i.e. mobility, safety, natural resources,
socio-economic factors, cost, and energy and environment) of multimodal improvements on
highway corridors, relevant to the SHA's Comprehensive Highway Corridors program. MOSAIC
uses these models to generate an updated mode share and ridership to help evaluate improvement
options that would produce changes in mode choice. For instance, the model would assist in
deciding whether to build light rail transit (LRT) or convert an existing general purpose lane to a

high occupancy vehicle (HOV) lane, high occupancy toll (HOT) lane, or bus only lane.

The pivot-point or incremental formulation mode choice model is able to generate the new mode
shares in for future years under multiple improvement alternatives. This is done by modifying
the existing mode shares based on changes in the characteristics of the transportation networks.
While the multinomial mode-choice model requires complete characteristics of the specific
transportation system, the pivot-point model only needs the current mode share and the proposed
changes of the Level of Service (LOS) variables for each alternative.

2.1. INITIAL PIVOT-POINT MODEL

The initial version of the pivot-point mode choice model is often used for the evaluation of
Travel Demand Management (TDM) strategies aimed at reducing vehicle travel during peak
periods without introducing any new modes. Early applications include the Spreadsheet Model
for Induced Travel Estimation - Managed Lanes (SMITE-ML 2.2) (FHWA 2000), and the
Sketch Planning for Road Use Charge Evaluation (SPRUCE) (Patrick 2003). MOSAIC would
apply the logit pivot-point mode choice model on its mode share analysis of the managed lanes,

including the High Occupancy Vehicle (HOV) Lanes and High Occupancy Toll (HOT) Lanes.

Derived from the standard multinomial logit model, the formulation of the pivot-point model is
presented as:
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Fi) % eAUi

> (Rxe™)

i=1

Where:

R : The baseline probability (share) of using mode i;

P The revised probability of using mode i, and

Ay : The changes in utility for mode i.

As mentioned above, the pivot-point model formulation is helpful, as it only needs to account for
changes in the generalized utility functions, not their complete values. Therefore, if there is no
new mode introduced, the mode-specific constants can be ignored, as they are canceled out in the

changes of utility. The changes in utility for mode i can be expressed as:

Au =b XAIVTT. +¢ XAOVTT. +d. x ACOST,
Where:

AIVTT,, AQVTT,, ACOST; . The changes in LOS variables for mode i (IVTT:  In-Vehicle-

Travel-Time; OVTT : Out-Of-Vehicle-Travel-Time; COST : Total Cost); and

b. ¢ d : The coefficients for each corresponding LOS variables for mode i.

The coefficients for LOS variables that MOSAIC uses were obtained from the Home-Based-
Work (HBW) mode-choice model specific for Washington, D.C., area provided by the NCHRP

AIVTT, AOVTT, ACOST,

report 365, which are -0.017 for , -0.058 for , and -0.004 for
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2.2. INCREMENTAL LOGIT MODEL

The extended version of the incremental logit model, unlike of the previous version of the pivot-
point model, can be used when introducing a new transit service. The extended incremental logit
model provides the capability to predict the ridership impact of transit introduction or service

changes using only information on existing mode shares and changes in transit service.

The new transit service is expected to attract some riders from the existing transit service and
some from other modes. We expect the combined transit services to carry more riders than the
existing service. The degree to which the combined transit services will carry more riders than

either service alone depends, in part, on the utility between the new and existing services.

The incremental logit equations to predict the proportion of riders using new transit and existing

transit, for the case where there are no changes in any of the non-transit modes, are:

P X e(U;\IT “Uxr)
XT

PI\IIT = ' -
PXTX[e(UNT_UXT)+e(U><T*U><T)]+[1_ PXT]

(Uxr—Uxr)
PXTxe XT XT
PXT X[e(UNT_UXT) +e(UXT_UXT)]+[1_ PXT]

I:)>I<T =

Where:

Par (P><T ). The expected probability of riders using new and existing transit services,

respectively;

Par : The baseline probability of riders using existing transit services;

Unr (U xT): The expected utility measure of new and existing transit services, respectively;

Usr : The baseline utility measure of existing transit services

The following equations can be applied to predict future ridership on each transit mode. This is
based on knowledge of the existing transit share, the difference in service provided by the new

transit service compared to the existing transit service, and changes in the existing transit service.

MD-13-SP109B4Q Project Final Report UMD Transportation Systems Research Lab Page 6



The share for other modes is given by:

P' _ FI)
! = X[e(U}w*UxT) +e(U}<T—UxT)]+[1_ Pl
1-R
Where:
P

(R ) = The probability of riders using other mode i after (before) the transit improvement,
respectively;

P (PT) = The probability of riders using transit after (before) the transit improvement,
respectively.

For the specification of the parameters in the transit service function, the incremental prediction
models described above can apply the parameter values listed in the following table. Such

parameter estimates are generally based on the estimation of disaggregate models.
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Table 2. Estimated Level of Service Coefficients for Work Trips

Parameter Estimates

COut-of-vehi- In-vehi-
cle time, cle time, Out-of-pocket Source
Study area in minutes in minutes | costs, in cents reference
(1) (2) (3) (4) (5)
San Francisco Bay
Area —0.0343° —-0.0224 |-0.413/wage” |Small (20)
Washington, D.C. {-0.160/DIST" | —0.0154 |-28.8/ income? |Atherton, et
al. (2)
MNew Bedford, —0.101/DIST* | —0.0199 |—87.3/income’ |Atherton and
Mass. Ben-Akiva
(1)
Los Angeles, Calif. |-0.186/DIST* | —0.0146 = 24.4,!incnme“ Atherton and
Ben-Akiva
(1
Chicago, 111 —0.0201 -0.0082 -0.011 CATS (18)
Chicago, Il —0.040° —0.040° —(0.010 Wigner (23)
San Diego, Calif. —0.0916 —0.0563 —0.0106 PMM (6)
Minneapolis-St.
Paul, Minn. —0.044 —0.031 ~(1.014 |Pratt (4)

c: One way travel distance in miles (multiply parameter by 2.2 for use with kilometers).

d: Annual household income in dollars.
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CHAPTER 3: MOBILITY

3.1. TRAVEL TIME SAVINGS

Travel time savings are computed for each improvement scenario by comparing them with the
base-case scenario for peak periods. The general steps for the estimation of travel time savings
are: (1) dividing the corridor into several sections, (2) calculating the peak-hour travel time for
each section, (3) summarizing the total travel time for the whole corridor, and (4) comparing the
total travel time for base and improved cases.

The corridor under consideration should first be divided into several sections based on Average
Annual Daily Traffic (AADT). Ideally, each section should have uniform traffic flow
characteristics such as traffic volume, number of lanes, etc. Each section may include more than
one intersection or interchange. Based on intersection/interchange locations, a section is further
divided into multiple links (see Figure 1). With sections and links defined, the methodology for
estimating peak hours’ travel time savings can be applied to individual sections in various

scenarios. Intersection-level travel time savings are then aggregated to corridor-level estimates.

Figure 1. Section and Link Definitions in MOSAIC

Section

A

A 4

A

v
A
\4

A
v

Link 1 Link 2 Link i

3.1.1. TRAVEL TIME FOR GENERAL PURPOSE LANES

To estimate general purpose lanes’ speeds during peak periods for both freeway and arterial
streets, MOSAIC would follow the flow chart presented in Figure 2.
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Figure 2. General Purpose Lane Travel Time Estimation

Start from the Study Corridor
Divided by i Sections

+ A
Section i

\ 4

Freeway Arterial Street

Freeway or
Arterial Street?

A 4

==L T =T AT =+ T

i i ilane iwait = w
V Via

The Last Section?

Notation:

T"anez Average travel time along the roadway (besides the time for crossing the intersection) in
section i;

Tivai / “w : Average time spent on stop control at intersections in section i;

Vir . The travel speed for freeways in section i;

\Y/

iA: The travel speed for arterial streets with at-grade intersections in section i;
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i:  The length of the section i;

' Number of links along section i.

The procedure for estimating freeway and arterial street speeds (ViF and ViA) outlined in the
Texas Transportation Institute’s Urban Mobility Report (David, 2007) was employed (See Table
3).

The travel delay due to traffic signal or stop sign control is based on the Level of Service (LOS)
at unsignalized and signalized intersections. The traffic control delay at the intersections was
determined (in Table 4) by employing the LOS method from the Highway Capacity Manual (see
Table 5).

Table 3. Speed Estimation Based on Daily Traffic Volume per Lane

Facility and Congestion Daily Traffic Volume per Speed Estimate Equation
Level Lane Peak Speed (mph)
Freeway
Uncongested < 15,000 60

Medium 15,001 - 17,500 70-(0.9*ADT/LANE)
Heavy 17,501-20,000 78-(1.4*ADT/LANE)
Severe 20,001-25,000 96-(2.3*ADT/LANE)

Extreme >25,000 76-(1.46*ADT/LANE)

Lowest speed is 35 mph

At-grade Arterial Street

Uncongested < 5,500 35
Medium 5,501 - 7,000 33.58-(0.74*ADT/LANE)
Heavy 7,001-8,500 33.80-(0.77*ADT/LANE)
Severe 8,501-10,000 31.65-(0.51*ADT/LANE)
Extreme >10,000 32.57-(0.62*ADT/LANE)

Lowest speed is 20 mph

Source: David Schrank, Tim Lomax, The 2007 Urban Mobility Report, Texas Transportation
Institute, The Texas A&M University System, September 2007, http://mobility.tamu.edu)

(*Here ADT/Laneisin thousands; example: 15,000 ADT per lane has a value of 15 in the
equation.)
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Facility and

Table 4. Traffic Control Delay at Intersections

Daily Traffic Volume per Lane

Average Delay at Intersections
(Seconds per vehicle)

Congestion Level . Signalized Unsignalized
Freeway Arterial ; .

Intersections Intersections
Uncongested < 15,000 < 5,500 10 10
Medium 15,000-17,500 5,500-7,000 20 15
Heavy 17,501-20,000 7,001-8,500 35 25
Severe 20,001-25,000 8,501-10,000 55 35
Extreme >25,000 >10,000 80 50

(Highway Capacity Manual (HCM), 2000)

Table 5. Level of Services at Intersections

Signalized Intersections

" Unsignalized Intersections

Level of Service | Average Delay Time Level of Service Average Delay Time
(seconds) (seconds)

A =10 A =10

B >10- =20 B >10- =15

C >20- =35 C >15- =25

D >35- =55 D >25- =35

E >55- =80 E >35- =50

F >80 F >50

(Highway Capacity Manual (HCM), 2000)

3.1.2. TRAVEL TIME FOR MANAGED LANES

Three improvement alternatives, High Occupancy Vehicle (HOV) Lanes, High Occupancy Toll
(HOT) Lanes and Express Toll Lanes can be categorized as the managed lane improvement types

for the travel time saving analysis.

The estimation process of the travel time along HOV is similar to that of the general-purpose
lanes as illustrated in Figure 2. As for the proposed AADT per lane in the alternative scenarios,

the following functions can be applied in analyzing the process:
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VC:HOV / N HOV/HOT
VC, /N,

AADT /lang oy 1or) = X AADT /lang g,

VCep / Nep

AADT /laneg, = Ve /N
B B

X AADT /lane,,

Notation:

AADT / Iane(HOV/HOT)

proposed HOV or HOT lanes;

AADT /langgp, .

Purpose (GP) lanes after the proposed improvement;

: Annual Average Daily Traffic Volume per lane (veh/d/lane) along

: Annual Average Daily Traffic Volume per lane (veh/d/lane) along General

AADT /1an€ g, : Annual Average Daily Traffic Volume per lane (veh/d/lane) in the base case;

VCioviror : Peak-hour vehicle counts along HOV or HOT lanes;

VCGP: Peak-hour vehicle counts along general purpose lanes;

VG, : Total peak-hour vehicle counts in the base case;

Niovmor : Number of proposed HOV or HOT lanes;

Nep . Number of GP lanes after the proposed improvement;

Ng : Total number of lanes in the base case.

The peak-hour vehicle counts can be counted by considering:

VC,or =VCysov +VCosoy ror)

VCep =VCoqy (rov) TV
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Notation:

VCysov : Number of carpool vehicles along the section during the peak hours;
VCSOV(HOT): Number of single-occupied vehicles using proposed HOT lane during the peak

hours;

VCov(hov) : Number of single-occupied vehicles using proposed HOT lane in the corresponding

HOV scenario during the peak hours;

VG : Number of trucks along the section during peak hours.

In terms of the number of single-occupied vehicles using a proposed HOT lane, the research
team assumes it is equal to the difference between the number of vehicles using a proposed HOT
lane and the number of vehicles using a proposed HOV lane in the corresponding HOV scenario

during the peak hours. It is presented as:
VCSOV(HOT) = VC(HOT) - VC(HOV)

All vehicle counts in the proposed scenarios are obtained from the previously introduced pivot-
point mode choice models.

3.1.3. TRAVEL TIME FOR BUS/TRUCK ONLY LANES

When building the additional bus-only or truck-only lanes, it is assumed that all buses or trucks
will use the new lanes, while other modes will still be using the existing, general-purpose lanes

along the roadway.

The corresponding AADT/lane levels are based on the following functions:

AADT /lane g sy = VCBusCrCuck ; EBuszwck X AADT /lanes,.,
B B
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VCep / Ngp

AADT /lang, = Ve TN
B B

X AADT /laneg,,

Notations:

AADT”ane(BUS’Tfuck): Annual Average Daily Traffic Volume per lane (veh/d/lane) along

proposed bus-only or truck-only lanes;

VCBuszruck: Peak-hour vehicle counts along bus-only or truck-only lanes;

Neusrrruck Number of bus-only or truck-only lanes.

3.1.4. TRAVEL TIME FOR LRT

In the LRT scenario, a certain amount of person trips will be attracted to LRT, leaving the
remaining person trips on the existing roadway. The exact remaining vehicle counts and the LRT

person trips are estimated by applying the extended version of the incremental logit model.

The travel time on the roadway is based on the AADT per lane level deduced from the AADT
per lane in the base case. The travel time for the LRT mode is equal to the roadway length
divided by the LRT speed. The average LRT speed in our study is 24 miles/hour, in accordance

with the Baltimore LRT system.

The final outputs of travel time savings module are the travel time differences between each

improvement case and its base case for peak and off-peak trips respectively:

Toex =T T

pimproved ~ ! phase

Toffpeak = Toinproved _Tobase

3.2. TRAVEL RELIABILITY

Reliability is measured as the additional travel time (in minutes, percent extra time, etc.) that

travelers endure under worse-than-normal traffic conditions (PMF, 2009).
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The research team evaluated travel reliability by incorporating Reliability Index and Travel Time
Index concepts. These indicate the extent to which the longest travel times (including peak and
off-peak) exceed the average travel time, based on the distribution of travel times for a given

section of roadway over a period of time (day-to-day or month-to-month).

95th Percentile Travel Time - Average Travel Time
Average Travel Time

Reliability Index =

The Texas Transportation Institute has developed an empirical relationship between the

Reliability Index and the Travel Time Index using available real-time data (Tara et al, 2008):

Reliability Index = 2.189x (Travel Time Index-1)-1.799 x (Travel Time Index-1)°

Where :

Peak Hour Travel Time
Travel Time at Posted Speed Limit

Travel Time Index =

for the peak-hour direction and,

Off-peak Hour Travel Time
Travel Time at Posted Speed Limit

Travel Time Index =
for the off-peak one.

Peak or off-peak hour travel time can be obtained from Table 2 for travel time estimation. The
speeds corresponding to the ADT per lane less than 15,000 for the freeways, and 5,500 for the

arterial streets, are estimated as the posted speed limit.

As with the Travel Time Index, the Reliability Index is estimated for each individual section and
the Reliability Index for the entire corridor (RI) is calculated as the average across all sections,

weighted by vehicle miles traveled (VMT) on each section:

D (R XWMT) > (R, xADT, xL,)
RI = - =
ZV'V'Ti Z(ADTiXh)

Where:
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i Reliability Index along section i;

i . The average vehicle miles traveled along section i;

i . Average daily traffic volume along section i, (vehicles/day);

i . The length of section i (miles);

A higher Reliability Index indicates less reliable travel conditions. For example, an RI value of
40% means a traveler should budget an additional 8 minutes for a 20-minute trip under average
traffic conditions to ensure on-time arrival 95% of the time. The Reliability Index is also

positively correlated with level of congestion and the Travel Time Index.

In terms of the reliability in the LRT scenario, the research team assumes the LRT system has

constant speed, and thus should achieve the reliability index as zero in this regard.
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CHAPTER 4: SAFETY

4.1. CRASH RATES

Crash Rate is measured as the expected number of crashes per year for a corridor. The research
team applied the Safety Performance Function (SPF) method from the most recent FHWA
Highway Safety Manual (2010) to estimate total crash rates for both roadways and intersections.

The expected number of crashes at the corridor level can be computed using the below formula:

N =" (Ng xTICMF, + N, xIICMF,)

where:

N . Expected number of crashes along corridor (crashes/yr);

Ny . Expected number of crashes under roadway base conditions on section i (crashed/yr);
N, . Expected number of crashes under intersection base conditions on section i (crashed/yr);
CMF; .

Combination of Crash Modification Factors (CMF) that adjust crash rate

estimates based on real-world conditions on section i roadways;

CMF“: Combination of CMFs that adjust crash rate estimates based on real-world

conditions on section i intersections.

4.1.1. EXPECTED NUMBER OF CRASHES UNDER BASE CONDITIONS

If a section within the corridor has lane widths of 12 feet and a paved shoulder width of 6 feet,
with no left or right turn lanes and a 30-feet median width in its multi-lane segments, the

expected crash rates at this base section can be denoted as N for roadways and N, for

intersections.
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4.1.1.1. Roadways

The expected crash rates can be computed using the following formula:

N, =exp[a+bxIn(AADT)+In(L )]

N : Expected number of crashes for base conditions (crashes/yr);

i Annual Average Daily Traffic Volume (veh/d) along section i;

L : Length of the section i (mile);
a b. Regression coefficients. (Refer to Table 5)
Table 6. Coefficients for Total Crash Rates on Various Types of Roadways
Roadway Types a B
Two-lane, two-way roadway -7.604 1.000
Four-lane. two-wav roadwa Undivided -9.653 1.176
! y y Divided -9.025 1.049

(Source: Highway Safety Manual, AASHTO, 2010)

4.1.1.2. Intersections
The expected crashes rates at the intersections are:

N, =exp(a+bxIn AADT . +cxIn AADT . )

where:

Ny : Expected number of crashes for base conditions at intersections (crashes/yr);
ADTrajor : Average daily traffic volume (veh/day) on the major road along section i;
AD Toiner : Average daily traffic volume (veh/day) on the minor road along section i;
a b c. Regression coefficients. (Refer to Table 6)
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Table 7. Coefficients for Total Crashes at VVarious Types of Intersections

Intersection Type a B C
Two-lane, two-way | Three-Leg STOP- -9.86 0.79 0.49
roadway Controlled

Four-Leg STOP- -8.56 0.60 0.61

Controlled

Four-Leg Signalized -5.13 0.60 0.20
Four-lane, two-way | Three-Leg Minor Road | -12.526 1.204 0.236
roadway STOP-Controlled

Four-Leg Minor Road -10.008 0.848 0.448

STOP-Controlled

Four-Leg Signalized -7.182 0.722 0.337

(Source: Highway Safety Manual, AASHTO, 2010)

Since the FHWA Highway Safety Manual (2010) only provides crash rate estimation procedures
for two and four-lane highways, the research team set the crash rates for three-lane roadways and
intersections as the average rates of two-lane and four-lane crash rates. For corridors with more
than four lanes, the total crash rates are estimated by extrapolation based on two and four-lane

corridor total crash rates.

4.1.1.3. Corridor

The expected crash rates (crash rates per mile) for the entire corridor under base conditions can

be estimated based on roadway and intersection crash rates:

Ny, :ZNbi /ZL\ :Z(Nbri +Nbii)/ZLi

where:

N : Unit expected crash rate for base conditions (annual crash rates per mile) for the corridor;
Ny . Total expected number of crashes for base conditions along section i (crashes/yr);

Ny :

Expected number of crashes for base conditions on the roadways along section i

(crashes/yr);
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Nbii: Expected number of crashes for base conditions at intersections along section i

(crashes/yr);

1 Length of section i (mile).

4.1.2. Crash Modification Factors

If roadway and intersection configurations on a highway section are not the same as those of the
base condition, the actual crash rates should be adjusted with Crash Modification Factors (CMF).
A CMF is an estimate of the change in crashes expected after implementation of a

countermeasure. The HSM provides multiple CMFs to match various highway conditions.

4.1.2.1. Roadways

CMF,

= Adjustment for Lane Width ( )

The crash modification factors for lane width are distinct between two-lane and four-lane
sections. The corresponding CMFs are listed in Tables 7 and 8 respectively.

Table 8. Crash Modification Factor for Lane Width (Two-Lane, Two-Way) cvF,

Lane Width (ft) AADT <400 401< AADT <2000 AADT > 2000
9 or less 1.05 1.05 + 0.000281 x (AADT -400) | 1.50
10 1.02 1.02 + 0.000175 x (AADT -400) |1.30
11 1.01 1.01 + 0.000250 x (AADT -400) | 1.05
12 or more 1.00 1.00 1.00

Table 9. Crash Modification Factor for Lane Width (Four-Lane, Two-Way) cvF,

Lane Width (ft) AADT <400 401< AADT <2000 AADT > 2000
9 or less 1.04 1.04 + 0.000213 x (AADT -400) | 1.38
10 1.02 1.02 + 0.000131 x (AADT - 400) | 1.23
11 1.01 1.01 + 0.000188 x (AADT -400) | 1.04
12 or more 1.00 1.00 1.00

(Source: Highway Safety Manual, AASHTO, 2010)
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Using this information, the crash modification factors for the lanes’ related crash rates will be

CMF, calculated by using the following formula:

CMF, =(CMF,, -1.0)x p,, +1.0

Pra . Proportion of total crashes constituted by related crashes (default values are 0.574 for

two- lanes and 0.27 for four-lanes) based on the related crash type distributions.

= Adjustment for Shoulder Characteristics (CMFs)

The CMFs for shoulder consider both the shoulder width and type. The changes of CMFs with
the Shoulder Effective Width (SEW) and ADT are presented both for two-lane and four-lane
sections in Table 10. The CMFs for shoulder type are listed in Table 11.

Table 10. Crash Modification Factor for Shoulder Width (Two-Lane, Two-Way)

Shoulder Effective = AADT <400 401<AADT <2000 AADT >2000
Width (SEW) (ft)

0 1.10 1.10 + 0.000250 x (AADT - 400) 1.50
2 1.07 1.07 + 0.000143 x (AADT - 400) 1.30
4 1.02 1.02 + 0.0008125 x (AADT -400) | 1.15
6 1.00 1.00 1.00
>8 0.98 0.98 + 0.0000688 x (AADT - 400) |0.87
(Source: Highway Safety Manual, AASHTO, 2010)
Table 11. Crash Modification Factor for Shoulder Type
Shoulder Type 0 (ft 1 (ft 2 (ft 3 (ft 4 (ft 6 (ft 8 (ft
Paved 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Gravel 1.00 1.00 1.01 1.01 1.01 1.02 1.02
Composite 1.00 1.01 1.02 1.02 1.03 1.04 1.06
Turf 1.00 1.01 1.03 1.04 1.05 1.08 1.11

(Source: Highway Safety Manual, AASHTO, 2010)
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The final CMF for a shoulder is calculated using the following formula:

CMF._ = CMF,_, xCMF,,

CMF,

s Crash Modification Factor for Shoulder;
CIVIFFSW: Crash Modification Factor for Shoulder width;
CMF : Crash Modification Factor for Shoulder type.

CMF,

The crash modification factors for the shoulder-related crash rates will be and is

calculated with following equation:

CMF, = (CMF._ xCMF,, —1)x p,, +1.0

Pra . Proportion of total crashes constituted by related crashes (default values are 0.574 for two-
lanes and 0.27 for four-lanes) based on the related crash type distributions.

=  Median Width

The most important benefit of medians is the separation of traffic. Additional benefits include
providing a recovery area for errant drivers, accommodating left-turn movements and allowing

for emergency stopping (TRB, 2009) which can have a positive effect in reducing crash rates.

The CMFs for various median widths, given in 10-foot increments, are shown below in Table 12.

Table 12. Median Width for Four-Lane, Two-Way Sections (without Traffic Barriers)

Median Width
CMF |1.04 |1.02 099 |097 |09 |096 |095 |0.94 |0.94

(Source: Highway Safety Manual, AASHTO, 2010)

4.1.2.2. Intersections

= Adjustment for Left-turn Lanes
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CMFs for total intersection-related left-turn lanes, organized by types of roadway and
intersection configurations, are found in Table 13.

Table 13.Crash Modification Factors for Installation of Left-turn Lanes on the Major Road

Approaches to Intersection

Number of Approaches with Left-Turn Lane

Intersection

Roadway @ Intersection Traffi
Type Type ratfic - ope Two Three Four
Control  Approach  Approaches Approaches Approaches
Tree-le_g Minor road 056 031 B B
Intersection | stop control
IR Minor road
Two-Way 0.72 0.52 -- --
Secti Four-leg stop control
ection Intersection Traffic
X 0.82 0.67 0.55 0.45
Signal
Four- Tree-leg Minor road
h 0.56 - - --
Lane, Intersection | stop control
Two-Way Four-leg Minor road
Section | Intersection | stop control e Ut B B

(Source: Highway Safety Manual, AASHTO, 2010)

= Adjustment for Right-Turn Lanes

CMFs for total intersection-related right-turn lanes are found in Table 14.
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Table 14. Crash Modification Factors for Installation of Right-turn Lanes on the Major

Road Approaches to Intersection

Number of Approaches with Right-Turn Lane

Intersection

Roadway @ Intersection Traffi
Type Type ratfic - one Two Three Four
Control  Approach  Approaches Approaches Approaches
Tree-le_g Minor road 0.86 0.74 B B
Intersection | stop control
IR Minor road
Two-Way 0.86 0.74 -- --
Secti Four-leg stop control
ection Intersection Traffic
. 0.96 0.92 0.88 0.85
Signal
Four- Tree-leg Minor road
h 0.86 - - --
Lane, Intersection | stop control
Two-Way Four-leg Minor road
Section | Intersection | stop control Ol L, N B

4.1.2.3. Corridor

(Source: Highway Safety Manual, AASHTO, 2010)

The final corridor-level crash rate is computed as the sum of crash rates by section based on real-

world corridor conditions.

NU

b:ZNi /ZL\ :Z(Nri +Nii)/ZLi

w:  Unit crash rate (annual crash rate per mile) for the corridor;
i Total crash rate along section i (crashes/yr);
ri: Total roadway crash rate along section i (crashes/yr);

i Total intersections’ crash rates along section i (crashes/yr);
i:  Length of section i (mile).
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4.2. CRASH SEVERITY

The research team considered severe crashes as crashes that involve fatalities and/or injuries. The
rate of severe crashes can be measured in two ways. The first method uses estimates on the

percentage of severe crashes along the corridor:

Nsb:Z(//ilXNri—i_ﬂ?XNii)/ZLi

Severe crash rate per mile within the corridor;
ri:  Total roadway crash rate;
i Total intersections’ crash rate;

/11: Percentage of severe crashes on roadways;

4, : Percentage of severe crashes at intersections.

The Highway Safety Manual (2010) sets the severe crash rate as 32.1% of the total crash rate
along roadways, and 41.5% of the total crash rate at intersections for two-lane, two-way

corridors. Thus, the total severe crash rate for two-lane, two-way sections is:

Ng =D (32.1%x N, +415%x Ny) /> L,

i i
The second method uses empirically-estimated coefficients to estimate the severe crash rate and
is the preferred method used to obtain severe crash rates. For instance, severe crash rates on four-
lane, two-way roads can be computed based on severe crash coefficients listed in Tables 15 and
16. To estimate severe crash rates, the total crash rate coefficients in the equations presented in
Section 4.1.1 were replaced with these severe crash coefficients. CMFs for severe crash rate
estimation are also different from those for total crash estimation. Table 17 summarizes the
CMFs resulting from adding left-turn and right-turn lanes at intersections on four-lane, two-way

corridors.
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Table 15. Coefficients for Severe Crash Rates on Four-lane Two-way Roadways

Roadwa pe a D
Undivided -8.577 0.938
Divided -8.505 0.874

(Source: Highway Safety Manual, AASHTO, 2010)

Table 16. Coefficients for Severe Crashes at Intersections

Intersection Type a B c
Three-Leg Minor Road STOP-Controlled -11.989 1.013 0.228
Four-Leg Minor Road STOP-Controlled -10.734 0.828 0.412
Four-Leg Signalized -12.011 - -

(Source: Highway Safety Manual, AASHTO, 2010)

Table 17. Crash Modification Factors for Adding Turn Lanes at Intersections

Number of Approaches with Turning

Intersection Type Lane Type Lane
One Approach \ Two Approaches

Tree-leg Intersection Minor Left-turn 0.45 -
road stop control Right-turn 0.77 -

Four-leg Intersection Minor Left-tun e e
road stop control Right-turn 0.77 0.59

(Source: Highway Safety Manual, AASHTO, 2010)

Additionally, the research team assumes that roadway and intersection severe crash rates on
three-lane corridors are the average rate of two-lane and four-lane corridors. For corridors with
more than four lanes, severe crash rates are estimated by extrapolating, based on two and four-

lane corridor severe crash rates.
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4.3. CRASH RATES FOR PROPOSED ALTERNATIVES

The crash rates and severe crash rates along the proposed roadway improvement scenarios are
estimated by applying the same parameters from HSM (2010). However, due to the fact that
various AADT levels may occur along different types of lanes within the same section, the
research team adjusts the functions from HSM to incorporate each particular situation.

Additionally, it is assumed that the LRT mode has no crash rates along the whole corridor.

4.3.1. ROADWAYS

The roadway crash rates of a particular roadway type are sensitive to the corresponding adjusted
AADTSs obtained from mobility models along with the number of lanes before and after the

improvements:

Ny =exp [a+bxIn(AADT. /lane x ng)+In(L)] x n /ng

Notations:

N, : Expected number of crashes for a specific roadway type along section i (crashes/yr);
AADT. /lane: Annual Average Daily Traffic Volume per lane (veh/d/lane) for certain proposed

roadway type along section i;

n, : Number of lanes for certain proposed roadway type;
ng : Existing number of lanes along the section;

L, : Length of the section i (mile).

4.3.2. INTERSECTIONS

The functions of crash rates at intersections are derived from the HSM similar to roadway

crashes; however, minor roads intersecting with the main corridor must also be accounted for:
Nn: =exp [a+bxIn(AADT. /lane x ng)+cxIn AADT. .. .1 x n /ng

Notations:

Ny : Expected number of crashes for a specific roadway type at intersection i (crashes/yr);
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AADT

iminor

: Annual Average Daily Traffic Volume per lane (veh/d/lane) along minor street at

intersection i.
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CHAPTER 5: SOCIO-ECONOMIC IMPACT

5.1. ECONOMIC IMPACT

Labor productivity increases as firms in the same industry cluster near each other. A number of
factors are attributed to this increase, including a specialized labor force, technological spillover,
and a greater number of suppliers. If a transportation improvement project reduces travel time, it
effectively brings firms closer to each other and increases the effective density of firms. The
research team applied the methodology developed by the U.K. Department of Transport in its
2005 “Wider Economic Benefits and Impacts on GDP” study (U.K. DOT 2005) to calculate the
economic benefits due to agglomeration of economies induced by transportation investment.
This is a more sophisticated method for economic impact analysis compared to the multiplier
method employed in many U.S. practices (i.e. multiply the direct transportation benefits by a >1

factor to obtain total benefits, including transportation and broader economic benefits).

The first step in estimating agglomeration effects is to measure the effective density (ED) of the
employment in a corridor in the base case and then in the improved case. In order to do this, the
corridor must be divided into different sections. Ideally, these sections would be divided based
on areas where specific productivity elasticity for each industry is provided and areas where the
transportation improvement would have a sizable impact. The study area should include the areas

from which employees commute to the affected employment area.

In order to streamline the analysis and simplify input requirements for MOSAIC, the approach
was to divide the corridor into different sections based on the previous methodologies (i.e. based

on different AADT levels) as shown below by the formula:
ED; = Z ExTix"
K
ED;: Effective density in section j

Ex: Employment in section k

Tjx: Generalized cost of travel between sections j and k
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The team calculated the base-case effective density (ED) from the number of employees within
the buffer zone and the existing travel times between zone pairs. Then, the team proceeded to
calculate the improvement-case ED from the travel time savings and the current employment
within each zone. For Tjk, the team assumed a cost equivalent to $4 (i.e. 8 miles) to travel within
a zone, a $15/hour value of time, and $0.50/mile cost of travel. Next, the agglomeration benefits
were estimated from the change in effective density.

AED;
WB = Z[( =~ X EIP) X GDP, x E]

j )

WB: Economic benefits from agglomeration effects
EIP: Productivity elasticity

GDP;: Output per worker in zone j

E;: Employment in zone j

In the absence of firm-level employment data broken down by industry, the team had to use a
productivity elasticity (EIP) estimate for all firms in the economy. Ciccone and Hall’s (1996)
density elasticity of 0.06 was used, which signifies that if density is doubled in an area then

output will increase by six percent due to agglomeration effects.

Economic benefits from agglomeration effects were calculated according to the previous
equation. WB is the sum for all zones of the change in effective density in each zone multiplied

by the productivity elasticity, output per worker, and employment in that zone.

5.2. LIVABILITY

Livability is a socioeconomic indicator that includes a variety of factors that should be
considered in analyzing the effectiveness of highway corridor improvements. The research team
combined qualitative and quantitative methods to measure livability from two aspects: land use
compatibility and transportation accessibility. The land-use types considered are: industrial,

commercial, recreational, agricultural, low and high density residential, high and medium density
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mixed-use and transit-oriented development. Transportation accessibility along the corridor
includes local traffic accessibility and transit implementation proportion. Based on the team's
definition, livability is enhanced if highway corridor improvements are compatible with existing

or planned future land use and if they improve accessibility to activity locations.
5.2.1. LAND-USE SCORES

“Land Use Mix” refers to locating different types of land uses close together. Increased land use
mix tends to reduce the distances that residents must travel for errands and allows more use of
walking and cycling for such trips. Certain combinations of land use are particularly effective at
reducing travel, such as incorporating schools, stores, parks and other commonly-used services

within residential neighborhoods and employment centers.

The team's land-use scores measure the extent to which highway corridor improvements are
compatible with different land-use types within a 1/4-mile buffer on either side of the highway
corridors. This buffer distance is selected based on an extensive literature review on the social
and environmental impact of highways. Land-use types considered in this project include:
industrial, commercial, recreational, agricultural, as well as low and high density residential

areas.

The land-use mix score on no-build condition was derived from the average land-use score for
all of the traffic analysis zones (TAZs) within 1/4-mile buffer along the corridor, where 0
represents the worst land-use mix situation and 1 represents the best case. The research team then
developed an online survey (shown in Appendix 1) to obtain land-use scores representing
individuals’ opinions on how different highway improvement options affect various land-use
types along a particular corridor (e.g. US 29) based on the score in the base case. The average
scores from the survey are used as default impact scores in the current version of MOSAIC and

are presented in Table 18.
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Table 18. Impact of Highway Improvements on Land Use

Improvement Types Land-use Mix Scores

No-build Condition 0.66

Adding one HOV lane or Converting one GP lane into HOV lane 0.65
Adding one HOT lane or Converting one GP lane into HOT lane 0.64
Adding one bus only lane 0.66

Adding one truck only lane 0.61

Building LRT 0.72

Removing one lane 0.70

5.2.2. TRANSPORTATION ACCESSIBILITY

The accessibility measure is the average of the travel time scores and transit implementation
scores. The travel time score measures local traffic accessibility. The lower the travel time score,
the better the local traffic accessibility will be. The transit implementation score represents the
percentage of people using public transit, which includes bus transit and LRT. The higher the

score, the better the transit implementation condition will be.

5.3. NOISE

The impact due to traffic noise depends on both local land-use patterns and corridor traffic
conditions. The buffer distance is set as 1/4-mile between noise receptors (i.e. residential and
business developments) and the highway corridor centerline. Figure 3 illustrates the steps for

evaluating noise impact.
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Corresponding Noise Metric Criteria
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Figure 3. Measuring Noise Impact

5.3.1. LAND USE TYPES AND METRICS FOR TRAFFIC NOISE IMPACT

ANALYSIS

The noise metrics used vary by different types of land-use. The research team categorized land-

use into three major types, which are described in Table 19, along with the corresponding

metrics used for noise impact analysis.
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Table 19. Land Use Categories and Noise Metrics

(Source: Transit Noise and Vibration Impact Assessment, Office of Planning and Environment
Federal Transit Administration, Fta-Va-90-1003-06, May 2006)

where :

Leq(h) (Hourly Equivalent Sound Level): Describes a receiver's cumulative noise exposure from
all events over a one-hour period. It is adopted to assess traffic noise for non-residential
land uses. For assessment, Lq is computed for the loudest traffic facility hour during the

hours of noise-sensitive activity;

Lan (Day-Night Sound Level): Describes a receiver's cumulative noise exposure from all events

over a full 24 hours. L, is adopted to assess traffic noise for residential land uses.

5.3.2. PROJECT NOISE ESTIMATION

5.3.2.1. Project Noise Impact at 50 ft

The research team adopted the noise methodology and functions from the Federal Transit
Administration’s Transit Noise and Vibration Impact Assessment, which uses Manhattan’s
existing Light Rail system as a case study (FTA, 2006). This methodology provides roadway

noise impact on different land-use types at the distance of 50 feet from the highway centerline as:
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S
=L, +10log(V) +C, ;o —10l0g(—) —35.6
Hourly e at 50ft: ~ “ 50

Daytime Lea gt 50ft: Lea(daY) = Lg (Ml

Nighttime Leg at 50 ft: Le, (night) = Leg (M) |y,

( Leq(day) ) Leq(night}+10)
L, =10log| (15)x10° * " +(9)x10 -13.8
Lon at 50 ft:
Other adjustment: -3 ->automobiles, open-graded asphalt

+3 ->automobiles, grooved pavement

SEL.: Represents the Sound Exposure Level to predict the noise exposure at 50 feet with the

definition as: SEL =10log,, [ Total sound energy during the event|

Administration (FHWA) categorized the default value for SEL, as shown in Table 20.

. The Federal Highway

Table 20. Source Reference Levels at 50 feet from Roadway, 50mph
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V: Hourly volume of vehicles of certain type, (vehicles per hour);

V,:  Average hourly daytime volume of vehicles of a certain type, (vehicles per hour)
_ Total vehicle volume (7am to 10pm)
15 '
V.. Average hourly nighttime volume of vehicles of a certain type, (vehicles per hour)
_ Total vehicle volume (10pm to 7am)
9 k)
Cisson - NOise emission.
S
~ For buses: Caricion = 25><Iog(%)
S: For accelerating 3-axle commuter buses: C, ., =1.6

S
For automobiles: Cgigon = 40><Iog(%) :

\_ Average vehicle speed, (mph) (using the method in travel time part).

The FTA General Noise Assessment procedure was used for calculating noise from transit
sources associated with the proposed project. Similar to that of the roadways, the noise impact of
LRT is assessed based on a combination of existing ambient noise exposure and the additional

noise exposure that will be caused by the proposed project.

The Light Rail Rapid Transit (LRRT) system located on Main Street is the major source of
existing noise in the vicinity of the proposed project. The existing Noise Exposure Levels at 50

feet can be estimated by applying the equations as follows:

S
Hourly “erat 50ft: L, = SEL,, +10log(V)+10log(N,, .)+20 log(=) 356

Daytime = at 50ft: L, (day) = Ly (h) -y,

Nighttime Leg at 50 ft: Le, (night) = Leg (M) |,
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Leq(cay) ( Leg(night) +10)

o at50 ft: L, =10log| (15)x10  © ' +(9)x10 2  |-13.8

L

The reference-sound exposure level (SELref ) for Rail Transit at 50 feet from track equals 82
dBA, according to FTA’s report (FTA, 2006).

By referring to the Manhattan EIS report, MOSAIC set VVd, which is the average hourly volume
of traffic during daytime (7 am to 10 pm), as 4.3 trains/hour; VVn, which is the average hourly
volume of traffic during nighttime (10 pm to 7 am) was set as 3.9 trains/hour. S was set as 15
miles per hour across the project corridor. The average number of cars per train, Ncars, is
assumed to be three for this analysis (based on two cars during off-peak periods, three cars

during peak periods, and four cars during special events).

5.3.2.2. Project Noise Impact at a Certain Arbitrary Receiver

For the distance between the arbitrary receiver and the noise location within the buffer distance,
the research team considered that each Lgy and Leq Can be obtained from Ly, and Leg at 50 feet

developed above by using the following equation:

D D
Ldn or Leq = (Ldn or Leq)laISOft - 10'09(%) - 10G|09(E)

Where:

D: Represents the shortest distance between the geometric center of the receiver’s area to the

major noise location;

G: Large Ground Factors: large amounts of ground attenuation with increasing distance from the
source. Since it was assumed that there is no curve or barrier along the general corridor, this

Ground Factor, G, is by default set to zero.
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5.3.3. EVALUATION OF THE NOISE IMPACT

Finally, since the receivers in the analysis are defined in GIS in terms of different land-use types
and their areas, the Noise Impact Level and Average Noise Exposure within the Buffer Distance

are obtained by considering the average existing noise exposures, which are:

L', =10xlog(> 10"="™)
L'4, =10xlog(D 1050"%)

5.4. AESTHETICS

Aesthetics is a branch of philosophy dealing with the nature of beauty, art, taste, and the creation
and appreciation of beauty. More broadly, scholars often define aesthetics as the "critical
reflection on art, culture and nature.” For highway aesthetics, four primary elements are
considered: facility compatibility with the surrounding natural environment, land use
attractiveness in the vicinity of the highway corridor, visual appeal, and historical roads and

historical site protection.

As a part of this project, an online survey was developed and distributed (shown in Appendix I).
The survey results assisted the research team in understanding the perceived impact of highway
improvement on various aesthetics indicators. The following table shows the survey results for
the US 29 corridor, which can be generalized to other corridors in Maryland. In general, the
survey shows that respondents believe six highway improvement types have minimum impact on
aesthetics (scores close to 0). However, visual appeal and historical site protection outrank

facility compatibility and land use attractiveness in determining aesthetics along the corridor.
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Table 21. Impact of Highway Improvements on Aesthetics along the US 29 Corridor

Average Rating Scores for the Aesthetics of Base and Improved Average
Elements Cases along US 15 (-3 ~ +3 Weighting
Base Bus Truck Road Scores
HOV HOT LRT :
Case only only Diet @a-~7
Fellliies 000 | 100 | 067 | 057 | 1.00 | 071 | -0.67 3.83
Compatibility
Land Use
Attractiveness 0.14 0.75 0.75 0.43 0.50 1.38 -0.50 3.67
Visual Appeal 0.43 0.57 0.25 0.50 0.00 0.88 0.50 5.33
Historical Road
and Sites 0.43 0.00 0.00 0.25 -0.38 | -0.63 0.75 5.00
Protection
Notes:

1) Facilities” Compatibility: Including traffic control devices, lighting, channelizing islands
and roundabout design, markings, etc;

2) Land Use Attractiveness: Including transportation network land use, landscaping,
median, shoulder and other roadside design features, etc;

3) Visual Appeal: Including visual friction (various interesting views as opposed to
uninteresting ones), view conservation (without visual intrusions), sight distance and
clear areas (decided by whether objects are blocking the drivers' view).

4) Historical Road and Site Protection: Indicating whether the base or improved cases did

well in protecting the historical roads and sites.

The final column shows how surveyed individuals rank the relative importance of the four
aesthetics elements. The final score for aesthetics is computed as the weighted sum across all

four aesthetics elements:

D" (Rank Score; x Weight Score;)

Final Scores, = -
D" Weight Score,
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Where:

Final Scores, : Case i’s impact on aesthetics along the corridor (the higher the score is, the better

effect on the aesthetics’ condition);

Rank Score; . e impact level of case i on the corresponding element j;

Weight Score, : The importance of element j in determining the aesthetics condition along the

corridor.
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CHAPTER 6: NATURAL RESOURCES

In this version of MOSAIC, areas of affected natural resources along a highway corridor were
used to measure natural resource impacts. After a comprehensive literature review, a set of buffer
distances have been set for the analysis listed in Table 22. The US 29 natural resource map is

shown in Figure 4.

Table 22. Buffer Distances for Each Improvement Alternative

Section | # Lanes HOV HOT Express Bus Only | Truck Only LRT
Lane Lane
Adding One HOV /HOT/
2 Express Toll Lane
. (1/4 miles)
3 Converting One GP Lane to
3 HOV /HOT/ Express Toll Lane | Adding | Adding One | Adding
2 {0y One Bus Truck Onlv | LET Mode
2 Adding One HOV /HOT/ Only Lane Lane Choice
5 Express Toll Lane (1/4 miles) | (1/4 miles) | (1/8 miles)
3 - (1/4 miles)
3 Converting One GP Lane to
HOV /HOT/ Express Toll Lane
4 3
@
Section | # Lanes Adding Lanes Road Diet Grade-Separated
Interchanges
i 2 Adding One GP Lane - -
3 (1/4 miles) - -
A 3 - Femoving One GP Lane -
= 7 _ _ _
3 2 - - Building Interchanges
3 - Removing One GP Lane | for all the intersections
Adding One GP Lane : (1/2 miles at
4 3 (%—1 miles) Removing One GP Lane intersections)

Corridor roadway, intersection geometry and GIS shapefiles containing natural resource
information are first merged in ArcGIS. Each individual section of the US 29 corridor designated
by the MOSAIC user is buffered using the ArcGIS proximity toolset with the given improvement
type's impact distance. The area of each natural resource type within the buffer is then computed
with ArcGIS query tools.
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Once the necessary natural resource information within the buffer zones is obtained in GIS and
subsequently imported into MOSAIC, the percentage of affected land within the buffer area can
be computed for each type of natural resource. Higher percentages indicate more severe impact
to surrounding natural resources. Impacts on different types of natural resources (e.g. parks,
streams, wetlands, historical places, easements) are weighted equally in this version of MOSAIC.

This will be adjusted in future versions based on input from SHA.

For the six improvement types analyzed in Phase Two of the project, the natural resource impact

will either be negative or neutral at best.

Figure 4. Impact Area of US 29 Corridor

.,I_ll'-:\. ] s I
P T < N L o

US 29 environment map
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CHAPTER 7: ENERGY AND EMISSIONS

7.1. POLLUTION EMISSIONS

Pollution emissions for different types of pollutants are computed based on vehicle miles
traveled and per-mile emission rates that vary by travel speeds. Inputs for pollution emission
estimation include daily traffic volume in peak and off-peak periods, section lengths, and
section-by-section travel speeds in peak and off-peak periods. The roadway per-mile emission
rates for Maryland, €, at different speeds are obtained by running MOVES2010a, the Motor
Vehicle Emission Simulator developed by the U.S. Environmental Protection Agency (EPA)
(See Table 21). In addition, MOSAIC obtains LRT emission rates from EPA's National Emission
Trends (NET) database (See Table 24).

The roadway daily total pollution emission for each emission type can be expressed as:
E, =2 E and E; =g, xADT, xL, +€,xADT, xL,

Where:

E,: Daily total pollution emission for gas type j along the corridor (grams);
5, . Daily total pollution emission in section i for gas type j (grams);

' Average daily peak hour traffic volume in section i, (vehicles/day);
ADT,

o: Average daily off-peak hour traffic volume in section i, (vehicles/day);

i Length of the section i (miles).

ij: Peak-hour emission rate in section i for gas type j (grams/vehicle/mile); (refer to Table
23)
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Qjo :

Off-peak emission rate in section i for gas type j (grams/vehicle/mile); (refer to Table 23)

Since some managed lane improvement alternatives such as HOV, HOT, and the express toll
lanes mostly operate during peak-hours and act as general purpose lanes during off-peak hours,
the research team only analyzed pollution emissions for peak hour traffic volumes. In addition,

different types of lanes may have different ADT as obtained from the mobility analysis.
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Total Emissions per vehicle (grams/mile)

Speed Rural Urban
(mph) Restricted Access Unrestricted Access Restricted Access Unrestricted Access
CO NOx | PMIO CO NOx | PMIO CO NOx | PM10 | CO NOx | PMIO
25 1655 | 1230 054 16.30 579 024 1539 526 022 | 1539 361 0.14
5 932 6.49 028 9.74 321 0.13 887 294 0.12 932 2.12 0.08
10 582 3.04 017 657 213 0.08 561 191 0.07 634 1.47 0.05
15 167 3 46 016 555 185 007 450 163 006 537 130 004
20 3.98 3.08 0.15 4.89 1.68 0.07 3.83 1.44 0.06 473 1.19 0.04
25 367 2 86 014 418 156 006 354 135 005 102 111 003
30 339 281 0.14 389 147 0.06 349 133 0.05 3.74 1.03 0.03
35 3.70 2.54 0.11 3.58 135 0.04 3.70 127 0.05 341 0.96 0.03
40 3.83 251 0.11 336 132 0.04 3.88 127 0.05 3.16 0.94 0.02
15 3.90 249 0.10 3.19 1.30 0.04 399 127 0.05 3.00 093 0.02
50 3.83 2.43 0.09 3.08 1.28 0.04 3.93 125 0.04 294 0.93 0.02
55 3 68 237 008 310 127 003 379 122 004 704 092 002
60 357 235 0.08 3.10 1.26 0.03 368 122 0.04 299 093 0.02
65 357 2.46 0.08 321 131 0.03 3.70 1.26 0.04 3.13 097 0.02
70 3.82 257 0.08 350 138 0.03 399 133 0.04 343 1.03 0.02
5 141 255 0.08 434 142 0.03 1,69 136 0.04 430 1.08 0.02
Average 57.96 | 57.96 57.96 59.20 59.20 59.20 5904 | 59.04 | 5904 | 5955 | 5955 59.55
Temperature
}*‘I’*"EFEEE 6119 | 61.19 61.19 61.33 61.33 61.33 6136 | 6136 | 6136 | 6128 | 6128 61.28
umiditv
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Table 24. Emission Rates for LRT

7.2. GREENHOUSE GAS EMISSIONS

The total greenhouse gas (GHG) emission is estimated with a process similar to that of the
pollution emission introduced above. Similarly, the roadway GHG emission rates for Maryland
at different speeds are obtained by running MOVES2010a, the Motor Vehicle Emission
Simulator developed by the EPA (See Tables 25). The rate for LRT was also obtained from
EPA's National Emission Trends (NET) database, which is 284.66 grams per person mile.
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Table 25. Roadway GHG Emissions Rates from MOVES (Year 2011)

Total Emissions per Vehicle (grams/mile)

Speed (mph) Rural Rural Urban Urban
Restricted Unrestricted Restricted Unrestricted

Access Access Access Access

2.5 3458.24 2674.44 2629.56 2404.15

5 1846.82 1471.58 1436.65 1340.43

10 1132.40 909.39 869.80 827.15

15 953.55 739.38 706.00 664.14

20 830.49 644.94 600.82 576.62

25 761.74 581.49 543.99 517.59

30 731.71 531.69 514.76 468.12

35 667.43 488.94 488.62 435.33

40 656.98 473.25 480.89 419.80

45 647.91 461.00 473.78 408.23

50 627.04 448.86 460.38 398.50

55 604.02 440.00 446.70 392.26

60 594.56 434.67 439.07 390.63

65 613.94 442.37 448.06 396.86

70 637.72 459,51 463.88 411.65

75 643.59 475.90 477.58 430.31
P 57.96 59.20 59.04 59.55

Temperature
PELEE 61.19 61.33 61.36 61.28
Humidity

/.3. FUEL CONSUMPTION

The research team evaluated fuel consumption using British Thermal Units (BTUs) based on
vehicle activities along a highway corridor. The total roadway fuel consumption is estimated
with a process similar to that of the pollution emission discussed above, except for the € (million
BTUs/mile/ADT). Here it represents the energy consumption rates for Maryland at different
speed levels obtained by running MOVES2010a (see Table 26) at the appropriate point. We set
the LRT’s fuel consumption rate to 2,516 BTU/ (p-m), by referring to the Transportation Energy
Data Book: Edition 30. Other inputs for fuel consumption estimation are ADT, section lengths
and lane widths.
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Table 26. Roadway Fuel Consumption Rates from MOVES (Year 2011)

Energy Consumption per Vehicle (million BTU/mile)

Speed (mph) Rural Rural Urban Urban
Restricted Unrestricted Restricted Unrestricted

Access Access Access Access

2.5 16.55 16.30 15.39 15.39

5 9.32 9.74 8.87 9.32

10 5.82 6.57 5.61 6.34

15 4.67 5.55 450 5.37

20 3.98 4.89 3.83 473

25 3.67 418 3.54 4,02

30 3.59 3.89 3.49 3.74

35 3.70 3.58 3.70 3.41

40 3.83 3.36 3.88 3.16

45 3.90 3.19 3.99 3.00

50 3.83 3.08 3.93 2.94

55 3.68 3.10 3.79 2.94

60 3.57 3.10 3.68 2.99

65 3.57 3.21 3.70 3.13

70 3.82 3.50 3.99 3.43

75 4.41 4.34 4.69 4.30
P 57.96 59.20 59.04 59.55

Temperature
PELEE 61.19 61.33 61.36 61.28
Humidity
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CHAPTER 8: HIGHWAY IMPROVEMENT COST

8.1. COSTS FOR GENERAL PURPOSE LANES

To estimate roadway project cost (PC) for general purpose lanes, two Maryland-specific data
sources were used. The data came from an SHA-maintained website, which includes all in-
progress and recently completed major state highway construction projects in Maryland (SHA,
2010).

Cost data was compiled for all projects that included costs for four major categories of the
project: planning, engineering, right-of-way acquisition and construction. Based on project
descriptions, all relevant projects were divided into three different categories: adding a lane by
widening an existing roadway, adding a lane by reconstructing a roadway, and constructing a
new interchange on an existing road. The projects were also separated into urban and rural
categories. From this dataset, the average costs for projects that have been completed in the last

three years were estimated.

The SHA also provides a cost-estimation guide for contractors (SHA, 2009), which provides
construction cost estimates of $6 million/lane-mile to add a 12-foot lane, $5.5 million to
construct one lane-mile of roadway on a new location and $40 million to construct a full

diamond interchange.

In the end, the cost estimates based on the SHA project database were combined with the cost
estimates in the guidelines for contractors to produce cost estimates in MOSAIC (see Table 27).

Table 27. Highway Improvement Costs in Rural and Urban Areas in Maryland

per lane mile or per interchange

Widening - Add a lane $4,500,000 $5,500,000
Reconstruction - Add a lane $5,500,000 $15,000,000
New Interchange $35,000,000 $40,000,000
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8.2. COSTS FOR OTHER ALTERNATIVES

In order to estimate the costs for the HOV or HOT scenario, the research team did a
comprehensive literature review and regarded the 1-395/1-95’s construction report from the
Financially Constrained Long-Range Transportation Plan for 2040, which was published by the
National Capital Region Transportation Planning Board, as one that fits the costs analysis best.
In the 1-95 project, fourteen miles of HOV lanes were widened from two lanes to three lanes and
two more nine-mile long HOV lanes were built along each direction. The total cost of this
project was $1.01 billion. Thus, the research team set the construction costs of adding two-way
HOV or HOT lanes as $31.56 million per mile. Since the construction of the two-way general-
purpose lanes costs $30 million per mile, the research team set the costs of converting two-way
GP lane to two-way HOV or HOT lane as $1.56 million per lane.

The research team set the cost rate for truck-only lane construction by referring to the 1-70
Dedicated Truck Lanes Feasibility Study. This study included analysis on the Washington
Commerce Corridor (WCC) a proposed North-South (N-S) alternative to Interstate-5 beginning
in Lewis County, Wash., and extending north to the Canadian border that facilitates the
movement of freight, goods, people and utilities. The WCC was estimated to cost between $42
billion and $50 billion if built for the full complement of passenger cars, rail transport, energy
infrastructure and recreational trails. The associated cost for constructing dedicated truck-only
lanes for the full 270-mile route was approximately $14.7 billion, or $18 million/lane-mile. From
this, the research team set the construction costs of the two-way, truck-only lane as $36 million
per mile. Meanwhile, since there are no major changes between general-purpose lanes and bus-
only lanes, the research team assumed the construction cost of two-way, bus-only lanes to be the

same as general-purpose lanes at $ 30 million per mile.

Construction costs for LRT were established based on Maryland’s Purple Line project. By
referring to MTA’s South Maryland Transit Corridor Preservation Study, the two-way LRT’s
construction cost was set to $120.6 million per mile. In addition, the LRT vehicle cost was set to

$131 million per train.
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CHAPTER 9: MOSAIC OUTPUT

9.1. NUMERICAL OUTPUT IN SEPARATE DATABASES

MOSAIC compiles separate output databases for each improvement case. These databases
contain raw numerical output data organized by corridor section for each of the six MOSAIC
modules (Mobility, Safety, Socio-Economics, Natural Resources, Energy and Emissions, and
Cost). Table 28 offers an example and displays the effect a particular improvement case has on
speed and travel in each of the five corridor sections. The effect of each improvement case in the
six impact categories is then weighted and scaled based on either default or user-defined weights
to produce a final weighted impact measure. These output databases are used by MOSAIC to run
interrelated impact modules (e.g. energy and environmental impact can only be assessed after
mobility impact is estimated) and to provide a basis for a variety of graphical and summary

outputs, which can be easily incorporated into reports and presentations by MOSAIC users.

Table 28. MOSAIC Output Database

Section Base Vij Speed Improved Vij Speed 1
Peak Speed Off-Peak Speed Peak Speed Off-Peak Speed
1 26.99625 28.73125 28.179 29.593
2 28.450875 29.7305625 29.4767 30.54845
3 60 60 60 60
4 60 60 60 60
5 35 35 35 35
Base Travel Time Improved Travel Time 1
BASE Peak BASE Off-Peak Improved Peakl Imprs;/ael((lll o
1 17.28846234 16.32211762 16.61679459 15.88426461
2 13.71971712 13.17662676 13.28061482 12.8533547
3 8 8 8 8
4 18 18 18 18
5 14.96618238 14.96618238 14.96618238 14.96618238
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9.2. GRAPHICAL OUTPUT

MOSAIC automatically creates customized graphs for each of the six impact categories. This
provides one location where users can check and compare the performance of all improvement
cases with the base-case scenario. All improvement and base cases are compared side by side
(see Figure 5). Also, both un-weighted and weighted impact scores are presented. These graphs

can also be directly exported from MOSAIC as needed for use in project reports or presentations.

Figure 5. MOSAIC Graphical Output View
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9.3. FINAL SUMMARY

MOSAIC also provides a final summary, which includes graphical visualizations of the impact
of each improvement case at both the section and corridor levels. As previously stated in Section
3.1-Travel Time Savings, each section represents a portion of the corridor where there are
uniform traffic-flow characteristics such as traffic volume, number of lanes, etc. A final corridor
score is also calculated based on weighted averages of corridor-level indicator scores using either
default or user-defined weights. (The user-defined weights represent how users value the relative
importance of the six impact categories. For instance, certain users may highly value mobility
and safety, while other users may prioritize natural resources, energy, and environmental impact

mitigation.

9.3.1. SECTION LEVEL SUMMARY OUTPUT

Figure 6. MOSAIC Section-Level Summary Output

The figure above shows the section-level analysis summary for one improvement case. In
general, “green” implies positive effect and benefit from a corridor improvement scenario,
“yellow” indicates neutral effect and “red” implies negative effect. The table below shows how
the impact score for each of the six categories is computed based on the large number of
performance measures introduced in previous chapters. Note that all impact scores are

normalized to the same -10 to 10 scale for comparison purposes.
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Table 29. Computation and Normalization of Impact Scores

Average of the %
Improvement
Scaled from -10 to +10

Based on Travel Time Savings and Travel
Reliability Scores

Mobility

Sum of Environmental Area

Natural . Within Impact Area/Total
Based on Environmental Land Impacts score
Resources Improvement Impact Area

Scaled from -10 to +10

Energy and Based on Fuel Consumption and Pollutant Total of the % Improvement
Emissions Discharge Scores Scaled from -10 to +10

Socio- Based on Aesthetics, Economic Total of the % Improvement
Economic Agglomeration, Noise, and Livability Scores Scaled from -10 to +10

Average of the %
Improvement of Normal Crash
rates and Severe Crash Rates
Scaled from -10 to +10

Safety Based on Severe and Normal Crash Scores

Total Yearly Travel Time
Based on benefit cost analysis of Travel Time Savings/Improvement Cost

Savings and estimated Project Cost Scaled from -10 to +10 based
on the maximum ratio

9.3.2. CORRIDOR-LEVEL SUMMARY OUTPUT

The corridor-level impact scores are weighted averages of section-level impact scores. The
weights for each section are based on vehicle miles traveled on that section. A custom graph is
provided to visualize the corridor level impact (see Figure 7 for an example). These weighted
average scores are scaled similarly to the section-level summary output, with +10 indicating the
highest level of positive effect, O indicating no effect, and -10 indicating the worse possible

effect from improvement.
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Figure 7. MOSAIC Corridor-Level Summary Output
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9.3.3. FINAL CORRIDOR SCORES AND WEIGHTING SYSTEM

Figure 8. MOSAIC Final Improvement Case Scores

Improvement Case 1

Final Score 0.458

MOSAIC provides a final score for each improvement case, which is determined as the weighted
average of the six impact scores for the six impact categories. By default, the weights for each
impact category are equal. However, MOSAIC provides an option for users to define the weights
of these indicators. Shown below in Figure 9, the weighting system allows users to easily scale
final scores to help identify the best improvement case according to users’ goals (different SHA

divisions may have different goals). Individual weights are numerically shown to the left, while

relative weights are shown to the right.

Improvement Case 2

Final Score

2.317
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Figure 9. MOSAIC Impact Score Weighting System

Weighting System

RESTORE DEFAULT WEIGHTS
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CHAPTER 10: US 29 CORRIDOR CASE STUDY

US 29 is a United States highway that runs for 1,036 miles (1,667 km) north-south from the
western suburbs of Baltimore, Md., to Pensacola, Fla. In the state of Maryland, US 29 is a major
highway that emerges from Washington, D.C., and runs north into eastern Montgomery County
and Howard County, stretching over 25.86 miles (41.62 km) through the state and terminating at
MD 99 just north of Interstate 70 outside of Ellicott City. It serves the cities of Columbia and
Ellicott City and provides the westernmost north-south route between Washington, D.C., and

Baltimore.

The research team’s study area is a segment of US 29 stretching from Interstate 70 toward the
Washington, D.C. line, which is highlighted in Figure 10. The study area was divided into four
sections according to AADT per-lane levels and roadway configurations. Section 1 and 2 are
freeways with full access control. Section 1 begins at Interstate 70 and ends at MD 175. Section
2 begins at MD 175 and ends at the Montgomery County line. Section 3 and 4 are arterial streets
with signalized intersections. Section 3 runs from the Montgomery County line to Dale Drive,
and Section 4 runs from Dale Drive to the Washington, D.C. line. The study period is from 6:00
a.m. through 9:00 a.m., the morning peak hours. Five improvement plans were analyzed for this
corridor as listed in Tables 30 and 31. Detailed roadway information for US 29 was derived from
the 2010 Highway Location Reference for Howard and Montgomery Counties and the SHA’s
Internet Traffic Monitoring System (I-TMS) website, and that data is presented in Table 32.
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Figure 10. US 29 Roadway Map

Table 30. US 29 Improvement Alternatives 1

Section | #Lanes | HOV HOT Express Bus Only | Truck Only LRT
Lane Lane
5 Adding One HOV / HOT/
1 Express Toll Lane
3 Converting One GP Lane to Adding | Adding One | Adding
5 3 HOV / HOT/ Express Toll Lane | One Bus | Truck Only | LRT Mode
2 Adding One HOV / HOT/ Only Lane Lane Choice
3 2 Express Toll Lane
3 Converting One GP Lane to
4 3 HOV / HOT/ Express Toll Lane
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Table 31. US 29 Improvement Alternatives 2

Grade-Separated

Section | # Lanes Adding Lanes Road Diet
Interchanges
1 2 Adding One GP Lane -- --
3 Adding One GP Lane -- --
5 3 -- Removing One GP Lane --
2 -- -- --
3 2 -- -- Building Interchanges
3 -- Removing One GP Lane | for all the intersections
4 3 Adding One GP Lane | Removing One GP Lane Building I_nterchan_ges
for all the intersections
Table 32. US 29 Roadway Information
4 Mileage Peak-hour Peak-hour Conaestion
Section a9 | AADT/Lane Person Vehicle g
Lanes | (miles) ; Level
Trips Counts
1 2 1.35 20969 21894 17263 Severe
3 4.08
2 :23 gg? 13469 14614 11523 Uncongested
2 3.79
3 3 6.95 11127 11302 8912 Uncongested
4 3 1.51 6029 5963 4702 Medium

10.1. MODE CHOICE ANALYSIS

The outputs generated from the mode choice models are the inputs for travel-time models and

are the prerequisites for travel-time analysis.

10.1.1. CASE STUDY INPUT

As noted previously, the pivot-point mode choice model would require existing corridor mode

shares, along with the changes of LOS variables.
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10.1.1.1. Base Mode Shares

Existing mode shares can be computed by applying existing mode-share data derived from the
traffic-count data for the previous case study along US 29. The 2010 vehicle-counts data for
each traffic mode along each lane was obtained from the Vehicle Occupancy Count Report
generated from SHA’s hourly I-TMS. The research team assumed the mode shares were the
same for sections 1 and 2. The mode “>=5" was assumed to load five people, “vanpool” seven
people, and “truck” one person. The “bus” mode has a design load factor of 1.2 and thus is able
to load an average of 48 people per vehicle.

10.1.1.2. LOS Variables

As mentioned previously, MOSAIC takes into account three types of LOS variables for its mode
choices analysis: In-Vehicle-Travel-Time (IVTI'), Out-Of-Vehicle-Travel-Time (OVI | ) and
Total Cost(COST ).

All three improvement types need to consider the changes of IVTT as part of the variance of the
LOS variables. The HOV, HOT, express, and bus-only lanes are assumed to operate at free-flow
conditions with uncongested travel times. The average speed of LRT was set to 24 mph,
according to the LRT report from MTA (2001). For the GP lanes, the travel times are based on
the BPR function, and its corresponding coefficients were introduced in NCHRP Report 365,

which is presented as:

T =T, x (1 + 0.83 x (%)*)
C

Where

T.: Congested link travel time;
T, : Link free-flow travel time;

v: Assigned link traffic volume (vehicles); and
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c: Link capacity, which is 1800 vehicles / lane for 1-495.

Therefore, the changes in IVTT for managed-lane improvement options would be the difference
between congested and uncongested travel times. MOSAIC assumes there will be no change in
travel time for the remaining GP lanes. After the new shares and number of drive-alone vehicles
are estimated, the updated congested travel time for the GP lanes was computed. For LRT, the
changes in IVTT are computed as the difference between congested highway travel time and the
LRT travel time.

There will be no changes in OVTT at this point for the five improvement types. The HOT and
Express Toll Lane (ETL) alternatives will result in higher user costs due to tolling. The toll
payments were assumed to be $1.45 for HOT lanes and $4.20 for ETLs during the peak hours,
according to the toll used on the newly opened MD 200. As contained in the Maryland Statewide
Transportation Model report, the auto operating costs were set at $0.099/mile in the year 2000.
As such, the team assumed no changes occurred to the total cost between the base and LRT

scenarios.

10.1.2. MODE CHOICE ANALYSIS PROCEDURE

It was assumed that this mode share analysis procedure would have no impact on truck-vehicle
trips or person trips. Both the vehicle and person trips of the mode “truck” suffered change
before and after the mode choice analysis. In this way, the initial mode shares were adjusted
without considering the percentage of trucks during the analysis. The “truck” person trips were

later added after completing the first iteration of the analysis.
10.1.2.1. Alternative 1: HOV Lanes

The procedure for the pivot-point mode shares analysis of the first alternative was as follows:
build one new HOV lane or convert one GP lane into one HOV lane for the corresponding
section. Since single-occupancy vehicles are forbidden in HOV lanes, it was assumed that there
would be no change to their IVTT and thus no utility changes to mode “1” in the first iteration.

For each of the other modes, the AY s equal to the product of the AIVTT, and its corresponding
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coefficient. Based on the changes of utilities, the person trips and vehicle counts were obtained at
this point.

After the first iteration, the new volume-to-capacity (v/c) ratios both for the HOV lanes and non-
HOV lanes were computed. The v/c ratio for the HOV lane is equal to the number of two-person
and greater capacity vehicles divided by the HOV lanes’ capacity. The ratio for the non-HOV or
GP lanes is equal to the number of single-user vehicles plus trucks divided by the remaining
lanes’ capacity. In this way, the congested travel time for the GP lanes can be updated based on

the non-HOV travel time resulting from the first iteration.

Since the travel time for the GP lanes will increase after introducing the HOV lane, the increase
in congestion for the drive-alone mode makes the HOV modes even more attractive. Therefore,
the process should be iterated until traffic equilibrium across HOV and general-purpose lanes is
achieved. In this way, the process ends when between two iterations, the difference in travel

times between the non-HOV lanes and the initial existing travel time is within one minute.
10.1.2.2. Alternative 2: HOT Lanes

The procedure for the pivot-point mode shares analysis of the second alternative was as follows:
build one new HOV lane or convert one GP lane into one HOV lane for the corresponding
section - similar to the first alternative. However, there is one difference in the analysis: the

changes to the utility functions include a cost associated with the toll.

In the second alternative, the single-occupancy vehicles would be allowed to use the HOT lane

only if the drivers were willing to pay the toll. Thus, the Ay is equal to the product of the

AIVTT ACOST,

and its corresponding coefficients, plus the product of the and its corresponding

AIVTT.

coefficient. For each of the other modes, the AU s still equal to the product of the i and

its corresponding coefficient.
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10.1.2.3. Alternative 3: Express Toll Lanes

The procedure for the pivot-point mode shares analysis of the third alternative was as follows:
build one new express toll lane or convert one GP lane into one express toll lane for the
corresponding section - similar to the second alternative. There are two differences within the
mode share analysis: one changes toll rates and the other allows any person in any vehicle mode

to use the express toll lane as long as the person pays the corresponding toll.

10.1.2.4. Alternative 4: Bus Only Lanes

The procedure for the pivot-point mode shares analysis of the fourth alternative was as follows:
build one new bus only lane along the whole corridor. The users save travel time both along the
uncongested bus-only lane by taking buses to destinations and by moving bus traffic out of

general-purpose lanes.

10.1.2.5. Alternative 5: LRT

The method for LRT analysis is based on the extended incremental logit formulations for mode
choice. The expected probability of riders using new or existing transit services both depend on

the baseline probability and changes to the transit LOS.

10.1.3. MODE CHOICE RESULTS AND FINDINGS

The vehicle volumes for the base case and for each improvement alternative generated from the
mode choice model are listed in Table 33 for comparison. The number of person Trips
Transferred to LRT in the LRT Scenario calculated from extended incremental mode choice

models are presented in Table 34.
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Table 33. Pivot-Point Mode Choice Model Vehicle Volumes Results

Section 1 (2 lanes) Section 1 (3 lanes)
WModes Bass HOV  HOT E=xpress Bus LET & HOV HOT Express Bus LET
1 13547 12299 13035 13497 9850 ILI3BL(| 15730 9910 103%0 15691 14382 13640
2 1044 1290 1145 1,049 1772 293 1214 2363 2169 1,220 1444 1052
3 2 32 46 43 12 36 43 26 92 43 38 43
4 13 16 14 13 21 11 15 29 18 13 18 13
w=3 1 1 1 1 2 1 1 2 2 1 1 1
Vanpool 21 26 23 21 36 18 25 48 46 25 29 21
Bus &0 74 66 61 102 51 70 136 131 71 23 61
Truck 635 635 635 635 633 633 761 761 761 761 761 761
Total 15384 14413 14986 15340 12309 13246 17883 13343 13718 17834 16977 13591
Section 2 (3 lanes) Section I (1 lanes)
Modes Bass HOV  HOT E=npress Bus LRET Bass HOV  HOT E=xpress Bus LET
1 10716 9474 9484 10677 10398 9434 2900 2799  BU7TR 2,867 2746 7152
2 g6 1071 1069 B30 249 X7 626 T06 7140 629 716 598
3 33 43 43 34 34 19 18 19 15 18 19 14
4 10 13 13 10 10 9 8 9 9 8 9 7
==3 1 1 1 1 1 1 1 1 1 1 1 1
Vanpool 17 22 22 17 17 15 14 14 14 14 14 12
Bus 48 62 62 48 49 2 40 41 41 40 41 34
Truck 318 318 318 318 518 318 430 430 430 430 430 430
Total 12169 11204 11211 12134 12077 2434 10106 10028 10011 104077 9986 B89
Section 3 (2 lanes) Section 3 (3 lanes)
WModes Bass HOV  HOT E=xpress Bus LET Bass HOV  HOT E=xpress Bus LET
1 7916 7835 7863  7.BR7 7823 6921 7810 7620  T6E1 7,781 1797 GEQR
2 610 22 620 613 6219 334 602 639 27 6035 6035 532
3 25 25 15 23 25 12 4 26 25 23 4 22
4 7 8 8 7 8 6 7 g g 7 7 ]
w=3 1 1 1 1 1 1 1 1 1 1 1 1
Vanpool 12 13 13 12 13 11 12 13 13 12 2 11
Bus 35 36 36 36 36 31 35 37 36 35 35 31
Truck 383 383 383 3g3 383 3I@If 377 377 377 377 317 377
Total 990 8942 8930 5964 8917 7907 2869 8721 8768 5843 8838 1877
Section 4
Modas Bas= HOW HOT Exprass Bus LRET
1 4141 4140 4127 4123 4141 3606
2 319 319 322 321 319 278
3 13 13 13 13 13 11
4 1 1 1 1 1 3
- D D D D ] 0
Vanpool ] ] 7 7 ] ]
Bus 18 18 19 19 18 16
Truck 200 200 200 200 200 200
Total 4702 4702 4691 4689 4702 4121
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Table 34. Person Trips Transferred to LRT in the LRT Scenario

Section #Llanes LRTPT Total PT = %
1 2 2736 19511 14.02%
3 2937 22683 12.95%
2 3 1785 15434 11.57%
2 1597 12817 12.46%
3 2 1386 11401 12.16%
3 1270 11248 11.29%
4 3 744 5963 12.48%

The results demonstrated that LRT will encourage ridesharing to a larger extent, compared to
other improvement options. This would better reduce highway congestion along the study area.
The second best choice was to construct bus-only lanes. The third best choice would be the
HOV-lane scenario; however, as severe congestion problems appear, HOV lanes would show
limitations and shortcomings that are visible in the results. One typical example is the inefficient
usage of road space, where it appears that few drivers take advantage of fast lanes and large
amounts of single-occupancy vehicle drivers must endure adjacent GP lanes with poor traffic
conditions. The HOT scenario performs well in the uncongested sections, such as Section 4,

mainly because the toll lane may continue to restrict the usage of single-occupied vehicles.

10.2. MOBILITY ANALYSIS RESULTS

The research team applied the travel time estimation and reliability analysis models with vehicle
count and person trip data, which was generated by mode choice models. The resulting average
per-person trip travel time along with the average roadway reliability index are listed in Tables
35 and 36, respectively. Meanwhile, Figure 11 presents the comparison of the final results by

sections.
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Table 35. Average One Person Trip Travel Time (mins)

Section Reduce Grade- HOV HOT Express
separated
1 6.820 5.733 8.690 6.820 5.850 5.850 5850 6.502 6.177 7.181
2 9.269 9.269 10.614 9.269 9.700 9.726 9.647 9.270 9.270 10.917
3 13573 13573 16.541 10.740 15543 15543 15543 13573 13.573 15.117
4 7111 4589  14.351 3.111 8.753 8.753 8.753 7.007 6.744  4.487

Total 36.773  33.164  50.196 29.940 39845 39.872  39.792 36.353 35.765 37.703

Table 36. Roadway Reliability Index

Section Base Add Reduce Grade- [0}V HOT Express Truck Bus LRT

separated
1 0442 0.117 0.666 0.442 0.159 0.159 0.159 0.267 0.362 0.239
2 0.000 0.000 0.280 0.000 0.098 0.104 0.086 0.000 0.000 0.000
3 0.000 0.000 0.393 0.000 0.280 0.280 0.280 0.000 0.000 0.000
4 0.660 0.000 1.000 0.369 0.505 0.505 0505 0.631 0.654 0.000
Average 0.126 0.024 0.443 0.110 0.205 0.207 0.201 0.089 0.110 0.048
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Figure 11. Mobility Results comparison
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The results indicate that building grade-separated intersections best improved mobility along
arterial sections. In less congested sections, such as Sections 2 and 3, building one additional
bus-only or truck-only lane would be more effective and efficient in reducing the travel time and
increasing the reliability, compared to managed lanes improvement options. For arterial streets

with low-travel speed limits and many at-grade intersections, such as Section 4, the LRT
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scenario can achieve the best performance in both travel time savings and reliability

improvement. This may result from the travel time savings at intersections.

The mobility scores, including indicators such as travel time and average roadway reliability
index along the Study Area, are presented in Figure 12. The graph illustrates that the bus-only
lane improvement option can reduce the travel time to the largest extent among the managed lane
improvement alternatives, while adding one general-purpose lane alternative performs best in

enhancing the travel reliability along the entire study area.

Figure 12. Mobility Scores for Each Improvement Option along the Study Area
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10.3. SAFETY ANALYSIS RESULTS

By applying the safety analysis models based on the US 29 traffic information and roadway
configurations, the unit crash rates as well as the severe crash rates for every mode along each
section were calculated and are listed in Tables 37 and 38. The comparison of the safety

condition for each alternative is presented in Figures 13 and 14. It is necessary to mention that
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MOSAIC estimated the total crash number as 996, with a severe crash number of 53 per year
along US 29. In 2010, the same data type reported from the police was 660 total crashes, with 23
considered severe. This proves that MOSAIC can be a useful tool to predict both the total

number and number of severe crashes accurately.

Table 37. Unit Crash Rates along Each Section

Section Base Add Reduce Grade- HOV HOT Express Truck Bus LRT
separated

1 11891 11891 11.891 11.891 9.196 9.481 9.393 11996 11.110 10.273

2 7.290 7.290 7.290 7.290 6.861 6.868 6.852 7.356 7.329 6.401

3 56120 56.120 56.120 5875 53.606 53.879 53.634 54.217 52552 51.250

4 173189 173.189 173.189 3.519 166.209 165.808 165.185 167.145 161.837 157.323

Average 36.972 36.972 36.972 7442 34889 35.035 34.879 35919 34.770 33511

Table 38. Unit Severe Crash Rates along Each Section

Section Grade- HOV HOT Express Bus
separated
1 2930 2.930 2.930 2.930 2.345 2.413 2391 2870 2.642 2.594
2 1.949 1.949 1.949 1.949 1.811 1.807 1.806 1907 1865 1.748
3 1.628 1.628 1.628 1.628 1.575 1.582 1577 1592 1565 1.464
4  1.065 1.065 1.065 1.065 1.042 1.039 1.036 1045 1.030 0.949
Average  1.969 1.969 1.969 1.969 1.782 1.797 1789 1927 1855 1.760
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Figure 13. Safety Results comparison
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Figure 14. Average Safety Scores along the Study Corridor
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The model results indicate that the sections with intersections have much higher total crash rates
than freeway sections. Meanwhile, congested sections, such as Section 1 (which displayed a
higher incidence of severe crashes) and Section 4 (which displayed a higher rate of total crashes),
will model more total and severe crash rates than less congested sections, such as Section 2 and

3, respectively.

As for each modeled improvement scenario, the LRT will be more effective in reducing the crash

rates, while adding or removing general purpose lanes will not significantly reduce crashes.

10.4. SOCIOECONOMIC ANALYSIS RESULTS

10.4.1. ECONOMICS MODEL RESULTS

10.4.1.1. Agglomeration Economic Benefits
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Economic benefits from agglomeration effects were calculated as the sum of the change in
effective density of employment multiplied by the productivity elasticity, output per worker, and
employment. The team also evaluated the alternatives’ economic benefits by comparing the
proportion of economic improvements from agglomeration effects to GDP per worker for each
section. The results for the economic benefits as well as the rates of the benefits are listed in

Tables 39 and 40. Figure 15 demonstrates the features of each improvement option.

Table 39. Economic benefits from agglomeration effects

Section Base Add Reduce Grade- HOV HOT Express Truck Bus LRT
separated

1 0000 90.961 -103.286 0.000 79.597 79,597  79.597 23.488 49.935 -24.133

2 0.000 0.000 -60.830 0.000 -21.305 -22.567 -18.803 -0.052 -0.052 -72.468

3 0.000 0.000 -86.129 126.629 -60.825 -60.825 -60.825 0.000 0.000 -49.023

4 0.000 263.909 -242.141 617.082 -90.006 -90.006 -90.006 7.130 26.127 280.739

Average  0.000 354.870 -492.385 743.711 -92.539 -93.801 -90.037 30.566 76.010 135.115

Table 40. Percentage of Total Economic Benefits Compared with GDP per Worker

Section Base Add | Reduce Grade- HOV HOT Express Truck Bus LRT
separated

1 0.000 0.758 -0.861 0.000 0.663 0.663 0.663 0.196 0416 -0.201

2 0.000 0.000 -0.507 0.000 -0.178 -0.188 -0.157 0.000 0.000 -0.604

3 0.000 0.000 -0.718 1.055 -0.507 -0.507 -0.507 0.000 0.000 -0.409

4 0.000 2.199 -2.018 5.142 -0.750 -0.750 -0.750 0.059 0.218 2.339

Average  0.000 0.739 -1.026 1.549 -0.193 -0.195 -0.188  0.064  0.158 0.281
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Figure 15. Economic Impacts Results
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10.4.2. LIVABILITY MODEL RESULTS

The livability model results are composed of three major scores: land-use mix scores, travel time

and transit usage.

As mentioned previously, the team's land-use scores measure the extent to which highway
corridor improvements are compatible with different land-use types within a 1/4-mile buffer on
either side of the highway corridors. The land-use mix score on a no-build condition was derived
from the average land-use score for all the TAZs within 1/4-mile buffer along the corridor, where
0 represents the worst land-use mix situation and 1 is the best case. The research team then
developed an online survey to obtain land-use scores representing individuals’ opinions. The
purpose was to observe how different highway improvement options affect various land-use
types along a particular corridor (e.g. US 29), based on the score in the base case. The average
scores from the survey were used as the default impact scores in the current version of MOSAIC

and are presented below in Table 41.
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Table 41. Impact of Highway Improvements on Land Use

Improvement Types Land-use Mix Scores

No-build condition 0.66

Adding one GP Lane 0.76

Removing one GP lane 0.55

Building the grade-separated interchanges along arterial 0.66

sections

Adding one HOV lane or converting one GP lane into HOV 0.65
lane

Adding one HOT lane or converting one GP lane into HOT 0.64
lane

Adding one truck only lane 0.61

Adding one bus only lane 0.66

Building LRT 0.72

Travel time scores were calculated based on the roadway’s travel time. Here, 1 represents the
worse condition, while 10 is the best condition. The final scores were then added into the final

livability scores.

The transit usage score is represented by the percentage of people using public transit, which
includes bus transit and LRT. A higher number of person trips using public transit will achieve a

higher score. The number of person trips using each mode is listed below in Table 42.

Table 42. Person trips by mode

Section Reduce Grade- HOT Express
separated
1 6240 6240 6240 6240 10080 9456 6332 8880 6240 11049
2 4224 4224 4224 4224 4944 4944 4237 4320 4224 7065
3 3360 3360 3360 3360 3504 3456 3397 3408 3360 5632
4 864 864 864 864 864 912 894 864 864 1512

10.4.3. NOISE MODEL RESULTS

As basic inputs for noise models, the US 29 roadway speeds and AADT levels are listed in
Tables 43 and 44 for preparing the case study.
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Table 43. Roadway Speed along US 29 (mph)

Section  Base Add | Reduce Grade- HOV HOT Express Truck Bus LRT
separated

1 47771 57.767  40.906 47771 55844 55844  55.844 50.166 53.880 52.553

2 60.000 60.000 54.281 60.000 58.254  58.124  58.216 60.000 60.000 60.000

3 60.000 60.000 57.506 60.000 58.748 58.748 58.748 60.000 60.000 60.000

4 29119 35.000 27.038 290.119 29449  29.449  29.449 29.499 29.985 35.000

Table 44. AADT Level along US 29

Section Base Add | Reduce Grade- HOV HOT Express Truck Bus LRT
separated

1 20969 14978 26211 20969 14372 14850 14597 14978 13402 18190

2 13469 13469 16836 13469 10655 10652 10622 9621 9531 11878

3 11127 11127 13909 11127 9160 9193 9172 7948 7916 9844

4 6029 4522 9044 6029 6028 6015 5995 4522 4522 5284

The results are presented in Table 45 in terms of daytime hourly Leq, nighttime hourly Leg, and

daytime-nighttime hourly Ldn at 50 feet. Figure 16 indicates that the LRT scenario will

contribute a much more significant noise impact compared to other alternatives. In addition,

Section 4 had the lowest noise impact, compared to other sections.

Table 45. Noise Impact Results

Section Reduce Grade- HOT Express Truck Bus
separated

Day Leq | 66.43 | 67.44 65.38 66.43 | 66.82 | 66.96 66.89 | 65.60 | 66.05 | 114.10

1 Night Leq | 59.44 | 60.45 58.39 59.44 | 59.83 | 59.97 59.90 | 58.61| 59.06 | 106.68
Ldn | 67.81 | 68.83 66.76 67.81 | 68.21 | 68.35 68.27 | 66.99 | 67.44 | 121.54

Day Leq | 67.47 | 67.47 67.14 67.47 | 66.07 | 66.04 66.05 | 66.01| 65.97 | 113.98

2 Night Leq | 60.49 | 60.49 60.15 60.49 | 59.08 | 59.05 59.06 | 59.02 | 58.98 | 106.56
Ldn | 68.86 | 68.86 68.52 68.86 | 67.46 | 67.43 67.44 | 67.40| 67.36| 121.41

Day Leq | 66.65 | 66.65 67.06 66.65 | 65.53 | 65.54 65.53 | 65.18 | 65.17 | 113.16

3 Night Leq | 59.66 | 59.66 60.07 59.66 | 58.54 | 58.55 58.54 | 58.19| 58.18 | 105.74
Ldn | 68.03 | 68.03 68.45 68.03 | 66.91 | 66.93 66.92 | 66.57 | 66.55 | 120.60

Day Leq | 54.57 | 55.71 55.36 54.56 | 54.71 | 54.70 54.69 | 53.48 | 53.70 | 103.44

4 Night Leq | 47.58 | 48.72 48.37 47.57 | 47.72 | 47.71 4770 | 46.49 | 46.71| 96.02
Ldn | 55.95| 57.10 56.74 55.95| 56.10 | 56.09 56.07 | 54.87 | 55.08 | 110.87
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Figure 16. Noise Impact Graph
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10.4.4. AESTHETICS ANALYSIS RESULTS

As a part of this project, an online survey was developed and distributed for the aesthetics
analysis along US 29. The following table shows the survey results for the US 29 corridor, which
can be generalized to other corridors in Maryland. In general, the survey showed that the impact
of the six highway improvement types had minimum effects on aesthetics (scores close to 0). On
the other hand, the survey revealed that visual appeal and historical site protection were more

significant in determining the aesthetics along the corridor.
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Table 46. Impact of Highway Improvements on Aesthetics along the US 29 Corridor

Average Rating Scores for the Aesthetics of Base and Improved Cases along Average

Elements US 29 (-3 ~ +3) Weighting
Base Bus | Truck Road Add Interchanges Scores
HOV HOT
(OF1:] only only
Facilities’
Compatibility | 0.00 | 1.00| 0.67| 0.57 1.00| 0.71| -0.67 1 1.29 3.83
Land Use
Attractiveness | 0.14| 0.75| 0.75| 0.43 0.50| 1.38| -0.50 0.71 0.43 3.67
Visual Appeal | 0.43| 057 | 0.25| 0.50 0.00| 0.88| 0.50 0.29 0.43 5.33
Historical
Road and
Sites
Protection 0.43| 000| 000| 025| -0.38|-0.63| 0.75| -0.33 0 5.00

10.5. NATURAL RESOURCES ANALYSIS RESULTS

As for the roadway improvement alternatives’ effects on natural resources, the research team
applied ArcGIS to calculate the areas of the natural resources that were covered within each
improvement’s impact buffer distance. The area coverage for each improvement alternative is
listed in Table 47.

Table 47. Natural Resources Area Coverage for Each Improvement Alternative

(Square Miles)

Add Reduce\ Interchanges HOV HOT  Express Truck Bus
0.106 0 1.810 2.002 2.002 2.002 2.834 2.834 1.438

10.6. ENERGY AND EMISSIONS ANALYSIS RESULTS

As mentioned previously, the specific energy consumption rate for fuel (given in British Thermal
Units per mile) and pollutant emission rates (given in grams per mile) for carbon monoxide (CO),
nitrogen oxides (NOXx), particulate matter less than 10 micrometers (PMjo) and carbon dioxide
(COy,) are required prior to running further energy and emission models. The specific rates for
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US 29 were obtained from EPA’s MOVES and additional literature review for LRT’s rates.

These rates are summarized in Table 48.

Table 48. Energy and Emission Rates for LRT Mode

CcoO NOx PM1o CO, Fuel
(9/p-m) (9/p-m) (9/p-m) (9/p-m)  (BTU/p-m)
0.0355 0.6123 0.0232 284.66 2.516

10.6.1. POLLUTION EMISSION ANALYSIS RESULTS

Roadway pollution emissions for different types of pollutants were computed based on vehicle
miles traveled and per-mile emission rates that vary by travel speeds. By taking into account the
updated AADT level for each improvement option, the team obtained the total pollution
emissions shown in Tables 49, 50, and 51. Meanwhile, Figure 17 shows the graphs presenting

the quantitative results.

The trends in the graphs demonstrate that the LRT scenario can reduce pollution emission for all
four sections. The HOV and HOT scenarios, where one HOV/HOT lane would be added or one
general-purpose lane would be converted to either of these lanes act more effectively and

efficiently to reduce the pollution emissions along more congested sections.

Table 49. CO Emissions along US 29 corridor (Million Grams)

Section Base Add | Reduce Grade- HOV HOT Express Truck Bus LRT

separated
1 1.24 1.14 1.11 1.24 0.88 0.91 0.88 1.20 1.04 1.05
2 1.23 1.23 1.19 1.23 1.10 1.10 1.10 1.21 1.20 1.09
3 0.95 0.95 0.89 0.95 0.88 0.88 0.88 0.93 0.93 0.84
4 0.10 0.09 0.11 0.10 0.10 0.10 0.10 0.10 0.10 0.08
Total 3.52 3.41 3.29 3.52 2.97 3.00 2.97 3.44 3.27 3.06
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Table 50. NOx Emissions along US 29 corridor (Million Grams)

Section  Base Add | Reduce Grade- HOV HOT Express Truck Bus LRT

separated
1 0.39 0.37 0.36 0.39 0.29 0.30 0.29 0.38 0.33 0.35
2 0.41 0.41 0.38 0.41 0.36 0.36 0.36 0.40 0.40 0.38
3 0.29 0.29 0.28 0.29 0.27 0.27 0.27 0.29 0.29 0.28
4 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Total 1.13 1.10 1.05 1.13 0.95 0.96 0.95 1.10 1.05 1.04

Table 51. PMyo Emissions along US 29 corridor (Thousand Grams

Section Reduce Grade- HOV HOT Express Truck
separated
1 0.39 0.37 0.36 0.39 0.29 0.30 0.29 0.38 0.33 0.35
2 0.41 0.41 0.38 0.41 0.36 0.36 0.36 0.40 0.40 0.38
3 0.29 0.29 0.28 0.29 0.27 0.27 0.27 0.29 0.29 0.28
4 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
1.13 1.10 1.05 1.13 0.95 0.96 0.95 1.10 1.05 1.04

Figure 17. Pollution Emission Results
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10.6.2. GREEN HOUSE GAS EMISSION ANALYSIS RESULTS

By following the method for the emission estimation models, the Green House Gas (GHG), or
Carbon Dioxide (CO,), emissions along US 29 for each improvement alternative are computed.
The results are listed in Table 52 and presented in Figure 18. They have similar trends to the

pollution emission.

Table 52. GHG Emission along US 29 corridor (Million Grams)

Section  Base Add | Reduce Grade- HOV HOT Express Truck Bus LRT

separated
1 146.10 135.01  136.52 146.10 104.28  107.75 104.88 140.32 122.78 131.98
2 14725 147.25  140.05 14725 130.88 130.90 131.08 144.34 143.00 140.71
3 12357 12357 116.95 12357 11541  115.82 11591 121.61 121.12 117.83
4 13.02 11.89 13.59 13.02 12.93 12.90 1295 12,92 12.79 12.98
Total 429.95 417.72  407.10 42995 36349 367.37 364.81 419.19 399.70  403.50

Figure 18. GHG Emissions along US 29

160.00

M Base
W Add

120.00
W Reduce

GHG -- Million Grams

M interchanges

80.00 mHOV

WHOT

W Express

40.00 W Truck
Bus

BLRT

0.00

10.6.3. FUEL CONSUMPTION ANALYSIS RESULTS

Table 53 and Figure 19 indicate that in each improvement scenario, total fuel consumption along

US 29 is reduced compared to the base case.
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Table 53. Fuel Consumption along the US 29 corridor (Million BTUSs)

Section  Base Add | Reduce Grade- HOV HOT Express Truck Bus LRT

separated
1 1.24 1.14 1.11 1.24 0.88 0.91 0.89 1.20 1.04 1.13
2 1.23 1.23 1.19 1.23 1.10 1.10 1.10 1.21 1.20 1.17
3 0.95 0.95 0.89 0.95 0.88 0.88 0.88 0.93 0.93 0.91
4 0.10 0.09 0.11 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Total 3.52 341 3.29 3.52 2.97 3.00 2.98 3.44 3.27 3.31

Figure 19. Fuel Consumption along US 29
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10.7. COSTS ANALYSIS RESULTS

The total costs for all alternatives were based on per-mile and vehicle costs as mentioned in the

earlier cost methodology section.

In the HOV and HOT improvement plans, 8.05 miles of HOV or HOT lanes would have to be
built and 18.9 miles of general purpose lanes would have to be converted to HOV or HOT lanes

in both directions. The total cost of this construction would be $283 million. As for bus and
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truck-only lanes, 26.95 miles would be built for either alternative in both directions. By applying
the cost rates correspondingly, the final cost would be $808.5 million for the bus-only lanes and
$970.2 million for the truck-only lanes. In the LRT scenario, the state would need to both build
the necessary infrastructure and provide two vehicles. Thus, the total cost in the LRT scenario
would be $3.64 billion. The total cost for each improvement alternative along US 29 is
summarized in Table 54 as follows:

Table 54. Total Costs for Each Corridor Improvement Alternative along US 29

Grade-

Section Add Reduce HOV HOT Express Truck Bus
separated

Total costs =, 36 1,160 283 283 283 809 970 3,643

($ million)

10.8. MOSAIC FINAL SCORES

After obtaining the quantitative results for the case study along US 29, the research team
converted the quantitative results into qualitative scores for each major sustainability indicator
category. A score of 1 represented the worst condition, and 10 indicated the best improvement
(See Table 55 and Figure 20). Table 56 and Figure 21 show the results when the same weight is
given to each major category. As an example for the user weighting system contained in
MOSAIC, if users were concerned only with mobility and safety indicators, the final trends and
scores would appear similar to Figure 22. In contrast, if users were interested solely in natural
resource and energy consumption indicators, the trends and scores would appear similar to

Figure 23.
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Table 55. MOSAIC Final Scores along US 29

Section Add Reduce Grade- HOV HOT Express
separated
Mobility  7.70 10.00 0.00 975 585 582 5.92 803 845 846
Safety 0.00 0.00 0.00 895 867 7.98 8.34 210 556 10.00
Socioeconomics 654 10.86 0.00 1000 375 532 455 6.64 594 524
Natural
Resources 10.00 9.63 10.00 361 294 294 2.94 000 000 493
Energy & Fuel 000 1.94 3.50 039 10.00 9.43 9.92 181 465 514
Costs 10.00 9.71 9.90 6.82 922 9.2 9.22 778 734 0.00
Total 3425 42.14 23.40 39.52 40.43 40.71 40.90 26.36 3193 33.76

Figure 20. MOSAIC Final Scores along US 29
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Table 56. MOSAIC Final Scores for Each Alternative

Base Add Reduce Grade- HOV  HOT Express Truck Bus LRT
separated

3425 35.56 23.40 39.66 40.55  40.82 41.01 26.36 3193  33.96
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Figure 21. MOSAIC Final Scores for Each Alternative (Same weight)
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The results show that several improvement options will provide improved sustainability along
the US 29 corridor: adding a general purpose lane, upgrading intersections to grade-separated
interchanges, constructing a high-occupancy vehicle lane, constructing a high-occupancy toll
lane, or constructing an express toll lane. Based on the default-weighted scores, the express toll
lane scenario is able to improve the corridor’s sustainability to the largest extent, and reducing
one general-purpose lane is the worst alternative. However, the research team gave the same
weight for each major sustainability category for the case study. Users can change the weights
according to their particular focus by moving the weighting bar mentioned in Chapter 9. The
final scores may change along with the change of weights. In this way, certain improvement
alternatives may prove better-suited for the US 29 corridor based on prevailing policies and

interests.
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Figure 22. MOSAIC Final Scores for Each Alternative
(Focusing on Mobility and Safety)
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Figure 23. MOSAIC Final Scores for Each Alternative
(Focusing on Green Solutions)
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CHAPTER 11: MOSAIC RESEARCH ROADMAP

The final chapter of the project report presents a research roadmap for further developing
MOSAIC into a GIS-based tool that can be fully integrated into the SHA Enterprise
Geographical Information System (eGIS). This MOSAIC-eGIS integration will produce a user
interface that is easy to understand, easy to use, and ready to be incorporated into various
existing SHA processes. Individual research tasks as well as their interdependencies are
identified in this roadmap. Although the current MOSAIC tool is already fully functional, future
phases of this research project will complete the research tasks outlined in this research roadmap.
Also, the roadmap will deliver an eGIS-based MOSAIC tool that considers multimodal highway
improvement options and has been comprehensively tested and validated.

The UMD research team, the SHA technical liaisons, and the SHA advisory committee members
for this project share a common vision for MOSAIC: that it can become a flagship application of
the SHA CHC program and sustainability initiatives. By doing so, it would not only assist SHA
in multimodal highway corridor improvement decision-making but also demonstrate SHA’s
commitment to incorporating social, economic, environmental, and sustainability considerations

in its transportation planning process.
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Figure 24. MOSAIC Research Roadmap

TIME

MAY
2011

SEP
2012

DEC
2012

SEP
2013

DEC

MOSAIC RESEARCH ROADMAP (2011~2013)

Phase 1 Product: Spreadsheet MOSAIC Version 1 (Completed)

¥

¥

Phase 2A: Multimodal Improvement Types

Phase 2B: MOSAIC-eGIS Integration I

Task 1. Add Highway Improvement Types
Primarily Related to Mode Choice
e High Occupancy Vehicle/Toll Lanes
e Express Toll Lanes
e Truck-Only Lanes
e Bus-Only Lanes
e Light Rail Transit
e Park-and-Ride Lots
e Road Diet/Lane Removal

Task 2. Improve Impact Analysis Methodology
e Mobility and Safety impact
e Social and economic impact
¢ Environmental and resource impact
e Cost models

Task 3. Demonstration on an Urban Corridor

Task 4. MOSAIC-eGIS System Design
e System architecture Design
e Database design
e User interface design
e Server and SDE set up

¥

Task 5. Code MOSAIC for eGIS
¢ Initial Visual Basic coding
e Covert VB codes to eGIS-compatible
codes in Flex, Java, Oracle, and .NET
e eGIS widget coding
e MOSAIC output display in eGIS

Task 6. Product Testing and Delivery
e Demonstration on a selected corridor

L]

¥

Phase 2A Product: Spreadsheet MOSAIC v.2

Phase 2B Product: Highway eGIS-MOSAIC

¥

¥

Phase 3A: Model Calibration/Validation
and Additional Model Enhancement

Task 7. Comprehensive Model Calibration and
Validation on Multiple Corridors

Task 8. Additional Improvement Types
e Access Management
e ITS/ATIS Deployment
¢ Land use plans (feasibility only)

Task 9. Integration with the MSTM

Phase 3B: MOSAIC-eGIS Integration II

Task 10. Code MOSAIC for eGIS Considering
All Improvement Types
e eGIS-compatible coding in Flex, Java,
Oracle, and .NET
e eGIS widget coding
e MOSAIC output display in eGIS

¥

Task 11. Product Testing and Delivery

¢ Integration with eGIS and demo

L]

Y

2013 V‘ Phase 3A Product: Spreadsheet MOSAIC v.3

Phase 3B Product: Multimodal eGIS-MOSAIC
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APPENDIX I: AESTHETICS AND LAND USE SURVEY

Model Of Sustainability and Integrated Corridors (MOSAIC) Survey
Introduction

The Maryland State Highway Administration (SHA) has initiated major planning efforts to
improve transportation efficiency, safety, and sustainability on critical highway corridors through
its Comprehensive Highway Corridor (CHC) program. Our Comprehensive Highway Corridor
Planning with Sustainability Indicators project as well as the Model Of Sustainability and
Integrated Corridors (MOSAIC) will assist SHA in selecting the most sustainable corridor
improvement option for its Highway Needs Inventory to balance its mobility, safety and
environmental stewardship objectives based on pre-defined policy goals.

In phase two, MOSAIC takes into account the no-build case and six highway improvement
options, including adding one HOV or HOT lane, converting one general purpose lane to HOV
or HOT lane, adding one bus or truck-only lane, adding new LRT, and applying the road diet.

Aesthetics

Aesthetics is a branch of philosophy dealing with the nature of beauty, art, and taste, and with the
creation and appreciation of beauty, and it is sometimes called judgments of sentiment and taste.
More broadly, scholars in the field define aesthetics as “critical reflection on art, culture and
nature." MOSAIC incorporates four aesthetic factors into its socioeconomic models: facility
compatibility, land use attraction, visual appeal, and historical roads’ and sites’ protection. Please
rate and weight the factors below which would potentially affect the roadway aesthetics in the
base case and six improvement options:

1.  Facilities’ Compatibility

How would you rate the facilities compatibility condition along US-29 in base case and six
improvement alternatives? The facilities include traffic control devices, lighting, Splitter Island,
roundabouts’ design, etc.

2. Land Use Attraction

How would you rate the land use attraction condition along US-29 in base case and six
improvement alternatives? The Land Use Attraction includes the transportation network’s land

use issue and landscape.

3. Visual Appeal

MD-13-SP109B4Q Project Final Report UMD Transportation Systems Research Lab Page 93



How would you rate the visual appeal condition along US-29 in base case and six improvement
alternatives? Visual Appeal includes visual friction (various interesting views or boring too
smooth views along the corridor), views conservation (with or without visual intrusive), sight
distance and clear areas.

4. Historical Roads’ and Sites’ Protection

How would you rate the historical roads’ and sites’ protection condition along US-29 in base
case and six improvement alternatives?

5.  Please also weight each factor reflecting their importance in determining the performance
of aesthetics. (1=not important at all; 7= most important)

6. Comments

If there are other factors that you think are important in affecting the performance of aesthetics,
please list them below and give your weight with the scores from 1 to 7.

Land-use Mix Scores

Land use mix refers to locating different types of land uses close together. Increased land use
mix tends to reduce the distances that residents must travel for errands and allows more use of
walking and cycling for such trips.

MOSAIC regards the land-use mix condition as one of the main factors that affect the livability
within a quarter mile buffer on either side of the highway corridors. Land-use types considered in
MOSAIC include industrial, commercial, recreational, agricultural, and low and high-density
residential areas. The land-use mix score along US-29 is 0.66 in base case, where O represents
the worst land-use mix condition, while 1 represents the best condition. Please give your land-
use scores below for six improvement alternatives along US-29:
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