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Cost per User as Key Factor

in Project Prioritization

Case Study of San Francisco Bay Area, California

Cornelius Nuworsoo, Kamala Parks, and Elizabeth Deakin

Efforts to accommodate nereasing and dispersed demand for travel in
the face of mownting traffic congestion, escalating constroction costs, Hn-
ited rights of way, and diminished air quality have cavsed planning agen-
civs o adopt plans that would enhance transit choices. Faced with fiscal
limitations, the need te privritize the ever-growing Hst of Improvement
prajects is parumount. To meet this need in the development of the Bay
Arva System Plan for Reglonal Express Bus Service in California, o
survey of existing literature on capital investment priorifization in trans-
portation wis conducied. This review led to development of a simple pri-
oritization methodolegy with which to anulyze the projeets. Unit cnsts
per ride were caleniated o facilitate comparisoms hetween the various
propozals. The cost estimation procedore invelved o systematic sequence
of analyses that included the development and goantification of concep-
tual desien clements, application of wnlt capital s well 2z aperation and
maintenanee costs, and maiching of annoalized costs with annual cider-
ship to derive unil costs per affected vide, Besulls revealed that the
greater mujority of proposed improvements could be implemented at a
refatively low total cost. The estimates also sugpest thal most proposed
improvements will not add very slgnificant sdditional costs per ride to
existing operations. The case study demonstrates the utifity of o priocii-
zatiom method that emiphasizes the wser benefits of projects aod Duestobes
an approach that could be used by other pgencies,

A in mosl growing regions, demand for travel in the San Francizeo
Bay, California, area is increasing amd becoming dispersed. Efforts o
accommodate demand in the face of monnting traffic congestion, esca-
lating conspruction costs, Hmited dghts of way, and diminished air
guality have led the region's planning agency, the Melropolitan Trons-
portation Commission (MTC), o develop and adopt plans that would
enhance transit choices. MTC proposes a plan to provide a regional
express bus syslem running along high-oceupaney-vehicle (HOW)
lames im major freesway corvidors, Wwith new transit statons (parking and
boarding arcas) located in the Ireeway medians or at interchanges, Th
California Stare Department of Tranéportation (Caltrans) commis-
sioned the University of California Transportation Center (UCTC) at
Berkeley w build on the MTC work by evaluating the need for addi
tional parking, feeder services, and hus slop improvements and by
ientifying both freeway and arterial improvements that would facili-
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tate express bus service. UCTC boilt on MTC's proposal and worked
wilh trsmsil operatars w develop its lindl report, Bay Area System Plag
for Regional Express Bus Service. The siudy included surveys of trup-
sit users, windshield surveys of vehicles at park-and-ride lois, and an
evaluation of needed infrastructuee as well as proposals for impraving
arterial and freeway operations and bus stop conditions,

Hecause transit operators are an important source of knowledge
of operulions problems and neesds along the routes they serve, inpul
wis sought from them regarding capital improvements they would
deem important for providing express bus service, Then feld obser-
vations were conducted, relevant ridership daw were gathered, am
costestimations related to thelr capital improvement suggestions were
petformed, A primary question was how to prioritize the capital praj-
ect expenditures suggested by transit operatars for the regional
express bus proposal, Given fiscal limitations, the need to develap
a privritization methodology was paramount, 1o answer this queston,
a survey was conducted of existing litcrature on copital investment
prioritization in cransportation, After this literature review, n simple
priortizaton methodology with which to perform analysis of the
data was developed

PROJECT PRIORITIZATION APPROACHES
AND STUDIES

The existing literature provides rich insights into the process of prior-
itzalion, identifies investrment and project evaluation strategies, and
details the unigue requirements under which transportation providers
opearate. The literaturs includes several studies that may be grouped
uncer three broad categories. The first is cost-benefit analysis (CBA).
The second focuses on pricritization of capital investments in the pub-
lic: sector. The third group looks at perfurmance measures. Review of
the literature reveals that capital project priaritization can tuke many
forms, and dectsions involving service expansion or improvement,
wilh regard to transportation, must incorporats easily quantifiable
outcome messures and couple them with qualitative social goals,
However, few agencies conduet a full CBA: rather, thoy have devel-
oped custom-lailored investment prioritization methodologies that
use CBA concepes but focus on project responsiveness o ageney
eoils and objectives.

Cost-Benefit Analysis

Generally, econcmists recommend vse of CBA when prioritizing
copital investments, This method is used 10 evaluate current inpul
corsls and future retumns from an investment. Fumre coats and hene-
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lits are expressed in curren) dellars by usiog o discoun) rue, In cibey
words, a dollar tday is wirth inore than 2 dollar 20 ears from now.
Theoretically, benefit—cost rarios may he used (o svaluate 2 project
with more than one investrment strategy, or they could be nsed o
vompare projects of similar magnitude. Projects Yielding the high-
est benefit—coat ratios should recejyve pricrity in implemencation, 1o
reality, mest public agencies ane [aced with buitgetary constraints and
must make investment decisions amany projeci of differanr sizes,
Therefore, an evalugtion ioch nigue commonly used is 1o COTar -
#nal benefity with marginal cosis to determine incremental net ben-
ehits, which is more rigorous and pravtical than benefit-cost ratiss, B
wsing this analysis, prioritization i £IVen 1o projects that demonstrais
henefits sccruing ae a fuster rate than thelr costs.

A CBA framework is used in several widely recommended (rans-
portation project evaluarion methods, including the 17,5, DCreparimeni
of Transporcation’s soflwars package known as HERS iHighway
Economic Reguirementy System) and several manyals publizhed by
AASHTO. However, relatively few agencies wse CBA to priorilize
projects, desplie is official support,

For mist public ugencies, full CRA for investment priodtization is
bsually mteusibie for three key reasons. First, CBA relics heavily on
quantitative dats for sceurale vesults, but in practice, key dat often are
missing or ouldate:d, aned agencies often lack the resorres o vollect
new: dats, 7 FUnsit ey, for example, aften Tack hasic data sety, such
s current passenger erigin—destination inform alion, demographic
characierisiics of (heir ridership, passenger access, and wait and gm-
board travel tme estimations. Secomd, social goals of public azencies
may ourwelgh the mominal vajue resulting from CBA, especial by when
the: distribution of costs and henefir help o redress sacietal ineguitivg,
For example, o trimait o geniy may choose to provide “owl” service m
customers, although relatively few e it andl its Costs ire very high, an
the grounds that owl services provide the means for certain low income
WOrkers 1o 2et 1o work and hack hame, Third, pubiic Agencies may alio
have mundates they must fulfill to address a variedy of social poals,
Regional transportution agenvies are ofien responsible for developing
Plans 1o reduce trafic congestion, increase transit ridership, reduce
vehicle emissions. and Provide welfare-to-work transit service, Rather
than redure their avaluaton o asingle indicalor, e benefit-cost ralin,
mumy agencics prefer o provide decision mmikess with information on
project effectiveness with regard Lo one or rmore specific poals. For all
uf these reasons, public 4 gencies are often looking fur simple evalua-
tion methods with casily eollected datn that can be tailored 1o their
specitic mandates, Locemes, and environments.

Prioritization of Capital Investments
in Public Sector

Taking inte account the ditficulty of using CBA fur programming
Pultlic investmen, Hutry et al. (1) provided 2 general methodo]-
22y for setting priorities by wsing weighted criteriq, They acknowl-
&ged that the eriteria mearporated i an evaluatian [arm are ofien
based on ohjective guals, but the weight assigned 1o each crlteron
4 subjective 111,

Mare specifically relsted 1o transit. Deakin et al. performed a
TE¥tew of investments ( /). O the basis of interviews conducted with
21 iransi operators, they found that maosi agencies priotize their
Capitul investments by using federal guidance and regulations (such
18 FTA's reguirements for fi nding through s New Staris program)
B 40 initial point of reference. However, alter establishing a proj-
BeUS viahility to meer feders) resuirements, they chen incorporaled
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local und state objectives o the prwortlization process, Thesg
objectives and considerations are varied bug tpically inclugdes)
Soonnmic., social, and environmeaniil ohjectives yg well as langd
s and cost-sharing consideritings, Acconding w Deakin e al.,
dlmost all agencies vsed some sort of cost-al fectiveness mmeasure iy
thefr pricmization, bur nope used CEA (2.

Iy survey of Canadian twansit providers, Hemily shows theaat mansy
iransit providers have adopted a policy of incremental de velopment,
in which projects are funded for “specific or targeted infrastructyre
L&z offestreet terminals and shelters), computer tools | maitenance,
informmacion SYSLEINE, AUt miatic Passenger counting sysiems, gtc. ), a5
well a5 the development of LrAnsi| priority measures s key points
m the network™ (1), Transit vperators evaluate projects according
o their primary goals. such oy eithancing transi’s atlractiveness
ar improving system performance. Projects Muifilling these goats
receive higher prioritization than the implementation of new Estony
or other projects not mesting these objectves.

By considering the Regional Transportation Awthority (RTA)
in Chicago, Ilinods, as 5 case in point, Benmetl champinned use af
anelyses that focus op ridership and dollar cosrs (). Bennetr's
approach fosused investmen dallaps e achieve nodueable iMiprowve-
ments that posicively alfect the mog transit riders rather than i (fus-
ing investmenes throughout the sysiem. 45 the anthor sucCinetly
puls it in the shar) term, “capital investments nust be ysed 1o dei the
impartant things well and o everything to a mediocn: leve] andl m
the fong-term, forge regional parinership that can find (he FESOUTTECS
10 rejuvenate and expand s transic inlrasiracture that can EpUT Frowth
and economic development™ (4),

For the Southenstern Pennaylvania Transportation Authoriry
(SHPTA), Lavoritann er gi. evaluated methedalogies adopred by
other mollimodal agencies {51 By focusing on project eviluation snd
prioriization, the auihars developed a three-step weighting and scor-
i sysiem. Step | is an inital evaluation of a project b munagemen
in the operating agency, which decides whether i1 i essenlial o pog-
mal replecement, ordiscretionary, with eszential PIOeds getting pri-
orily. Step 2 s a rigormuy analysis applicd only o mil projects. Rail
projects showing ihe highest benefit then procesd 1o the hirg SLE,
Bus projects do not undergn the second step becyuse of the buy sys-
s low capital invesiman requirements, muliimels of routes, and
raule fHexdbility but instesd proceed direcely to Step 3, The third siep
is then applied to o1l Projects for final pricritizacon (),

Washington, D.C., Metropolitan Area Transit Aulhority PWMATAY
14 also a muldmodal agency thal operates bus and raj] transie. WHIATA
biired consiltants 1o develop a poorilization methadology 14, Unlike
SEPTA. whose investment Prioritizations focuse primarily on rail,
WMATA'S prioritization scheme was developed to evaluate aormes
modes. The first siep in the PIocess requires WMATA (o denote
AS5Els a8 primary, priru::r].f support, or secondary Auppaor tvpes,
The next siep Is to eslablish pricrity on the basis of (he [rimary goaly
of prigects according 1o a seale that Comespondy with the assed ¢ Ypes,
These goals are defined by the agency as improvements to aalery,
service relinhility, Passenger comfor, and so on (6),

The Bay Arca Bapid Transit (BART) district adopted d service
EXpAnSion policy in [999 iy Tesponse (o requests for pxensions by
areas not served by BART, In 2002, the BART board adapted seven
SErviCe expansion criteria (7

* Enhance regional meobility, especially access Joba.

= Lencrale new ridership on a cost-effective basis,

* Demenstrate a commitment to Irnsi-Supportive growih and
development,

* Enhance multimodal access (o the BART aystem

e e
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® Develop projects in partnership with communides that will be
served.

= Implement and operate technology-appropriale service,

= Ensurc that all projects address the nesds of the disiric)'s
residents.

The critecia are not individually prioritized, but topether they form
aminirmum standard that cities or counties must meel before BART
officials consider expandling service (7).

Parformance Measures

Perlormance measures fotm an important basis for capital investment
priorities in ransportation. Although they are often used 1o evaloate
cnrrent service provisions, performance measures inay be incorpo-
rated into capiial myvestment priortization methodologics with clearly
stnted visions or goals, simple measurement techniques wirh ensily
ubtainable data by which to measure the success in implementing
cach goal. A good performance measurement framework is presented
in the J968 Califarnia Tronsportation Plen (8),

Customer-hased perlormance measures sre increasing v being used
to inforn iransportation plansing processes and differ from Previons
meazures by distinguishing between outpuis and oulvomes. For exam-
ple, & measure of outpul with regard to transil would be calculating
the number of service hours, whereas a measure of outcome would be
passenger travel ime. This shift in thinking has mean| analysis of
transporialion system pacformanee has moved away from provision
and toward measuring the effects of each provision on wsers within
the entire systern, The MTC developed performance measure guide-
lines, which established six goals for its regional transporeation plan
(BETF using | [ performance mensures. The agency developed a tem-
plate in which goals were linked to performance messures wherever
possible (9,

COLLECTION OF IMPROVEMENTS
InN CASE STUDY

Dhne sed of eszential outputs [rom the reglonal express bus smdy is
the packuge of physical and operational improvements necesaary 1w
enhance both existing and future express bus service in the San
Francisco Bay region. The collection of improvements falls into two
broadly related groups: (o) network-related improvemenis—the lst
aof major capital, HOW lane projects that focus on contimuity within
the regional netwaork of iransportation inftastructure and (4) service.
telated improvements—zthe 1ist of other capital and operational
inprovements that foous on enhancing specific express bus services,
This puper Arstintoduces the collection nl capital and operational
improvements. Then it presents results of cost estimates and prior-
tzalios of projecis within each of the two groups of improvement
projects,

SERVICE-RELATED IMPROVEMENT PROJECTS

Comivrmaing to the objeciives of identitving this collection of proj-
els, vanoews operdlors were asked o indicste improvements that
wauld enhance the vperation of the express bus services they provide.
The propasals runge widely between short- and long-term projects
und ihilided minor Cﬁi_'lhi:lj. I:IIjI_:ll.rT H:’l_‘pit,;l,:, and i'.II'IEI'ﬂriULLH]_ impn]ye.
ments, There are many proposals for physical roprovements, adjuar-
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ments b draffic contol, and priory trestments for express busay,
Nearly 1580 mprovements were proposed overall, Afier duplicy.
lions with projects 1n cxisting plans were removed, 164 propused neg
projects remained to be analyzed.

The first step in rationdlizing the list of projects was 1o calegorze
thern into loosely similar types of improvements. A dozen types of
improvements wers identified, including new installations and adjuzi-
ments w baffic signals and ramp metering lights; park-and-tide o
and transit center expansion; pavement markings for crosswalls, furm
lanes, und so forth; rolling stock purchase; new bus stops:; guens junmp
lumes; extensions and adjustments to HOV lanes; and provision or
realignment of ramps and connectors.

Mext, cach project wis tagged by the expected timeline for im o
ment Shorr-ierm proposals inclisde quick fixes w relatively inexpen-
sive total implementation cost, Medium-term proposals are not major
but will tuke some dme t design, progran, and implement. 1ong-term
propasals will involve major capital expenditure.

FIELD INVESTIGATIONS

Many proposed service-related improvements are extensive in seope,
requiring field investigations o develop definitive improvement
concepts for anulysis and costing, Although the scope of the regional
express bus study did not include detailed engineering studies, Geld
investigaiions were conducted a5 precursors fo the more extensive
engineering studies that should be done before adopiion and imple-
mentation of many of the improvement projects, Field visits were
paid to California sites in San Francisco, Napa County, WVallejo,
Hercules, and El Cerrito. Key lessons from the field investizations
woere the following:

# The observation of physical conditions on site, in some cases,
yielded the development of less costly improvement alternativey
than initially proposed.

& [Tthey extsted, physical obstructions to proposed improvemencs
in the form of wpagraphical obstacles, dght-of-way limitacions, and
utilicy lines were sometimes ohaervable on sile,

= Consaines to operational changes were discernible on site.

* Opportunities for potentially more efficient improvemeant
dlternatives were identified from field reconnaissance,

COST ESTIMATION

Cinven the widely ranging scope of proposed service-reluted improve-
ments and of the potential incidence of henefits on express hus
transil users, unit eoats per tide were caleulated to facilitate compar-
tsons hetween the varions proposals. The cost cstimation procedire
invalved 1 systematic sequence of analvses thar included the devel-
opment of conceptual design elements, their quantification, applica-
tion of unit capital as well as operation and maintenance costs, and
matching of annualized costs with potential ridership to derive unil
coats per affected ride. The sieps in the sequence are sammarized m
the [ollowimg subsections

Development of Improvement Concepts

Most ol the propesed improvements were presented at a rowd plan
ning fevel that did not include detailed definitions of projocts. By
nsing & combination of published schedules. route mape, and detailed
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streel maps; elements of proposad improvements wene guantidfied o
browd lerms for costing, For instance, a proposed improvement called
for “ransit signal pricrice and timing improvements on Grand Avenue
between Son Pablo Avenue and the T-50 westbound on-ramp.” This
improvernent was redefined as “adjust signal equipment 2nd redime
stgmaks; provide signal preemption for buses through 4 signalized
inferscotions slong the specified section of Grand Avenoe ™

It 15 nnderseond that the redefinitions would provide at best broad
cslimates for planning purposes and for general comparisons hetween
prosjects, The expectalion is that more delinitive cnginecrng studies
wonld be conducead as the projects advance along the planning
stuges toward programming and implementation. Da fronn such
detailed sludies would squally At into the prioritization procedure
presented in this paper.

Synchesis of Unit Costs

A key seep involved the compilation of relevan! unit cost data from
wanous sources. The soarces included state and Incal transportation
agenvies within the state of California, transit operators in zad oot
of Calitornio, and peblished daty on implementation costs of inel-
ligent fransportation systems. Information items collated incloded
(el umit capital costs, (b related operation and maintensoee costs,
and () typical economie lives of improvements. 'The information
was compiled o conform reughly (o the L1 broad types of pro-
poscd improvements. Where necesaary, anit costs were identified
for subitems under specific improvement cvpes. All cost data were
convartad oo 2002 dodlars.

Determination of Discount Rate

A discount rate is required to annualize capital cosis, The rale was
determined by cximining the range of current money market rates
for medim- (0 long-term investments, For g conscovadve esimate,
4 discount rate of 3% was assumed. This regresenled the ouler
envelope of the various res examined.

Calculation of Annualized Costs

First, capital costs, £, were estimated for ench proposed improvement,
Tonal capital costs were converted to equal annual payments (AC) over
the economiv lifi, », of esch improvement at the discount vage. i, of 3%,
The equaticn for equalired annual capital costs is us follows:

s g, PARER

[(1+i)-1]

[n these calewlations, capital cosls, discounl rale, and economic
life were all estimated or assumed so that the analyvsis tried to find
the annoal amounts that would make the capitul investiments go to
sero at ome . For simplicity, no eesidwa] values were assumsed lor
improvements st the end of their economic lives.

Nexr, annusl operating and maintenames costs were caleulaed m
constant {2002} dollars, For each improvement, the annualized capital
cost and the annual cperating amd maimlenanes costs wene adilzd o
abvlain the wial addidonal annual cost attributable to the improvement
Per year over ils eoonommie Hife,

Determination of Affected Ridas

In aildition to compiling the liat of propused projects, operntons wers
askesl o identify the specific express bus lines o be affected by ingi-
yichual improvements and to peovide daily or snnual ndership Agures
far these lines, Thus certain improvemenis would aifect multiple
bua lines and the services of mulople operators. All ddership datg
were converted o anoual rides and summed for each proposed
tmprovement to determine annual affected rides. It is worth noting
that o particular ride could be affected by more than one proposad
improvement. The determination of how many ddes an improvement
would affect is tantamount to assessing how much benelit the
improvement would yield. This may be Mustrated with the following
simplified case. Assume there are two improvements of equel cost.
Improvement A affeces all the express bus ddes in the region, The
other, lmprovement B, affects one heavily patronized route, hut
nenetheless anly one roule, When both improvements are lmple-
mented. the cost per affected ride will be lower for A than for B, Thus
if because of financial conatraints enly one of them s o be imple-
menred, itwould be most beneficial to implement AL Similarly, if botl
projects are to be prioritized, A would be implemented belore B,

Determination of Cost per Hide

Fipally, anmualized costs were divided by annual affected rides 1o
alnain cost per aflected ride. For a given amount of investment, the
mowe rides alfested, the better, since the cost would be spread over
a refarively larger patronage. Conversely, the fewer rides affected,
the higher the ingidence of the cost on each patronage served. Bud-
get constrainis aside, the lower the cost per affected ride; the more
attractive the proposed improvement.,

HESULTS FOR SERVICE-RELATED
IMPROVEMENTS

Distribution of Capital Investment Costs

A few very expensive service-telated improvement projects shew the
distribution of capiil mvestment costs and consequently cosis per
atfected ride. Unsurprisingly, the most expensive types of improve-
ments e the major capital projects, The most expensive aroups of
proposed improvements, in deacending order, are divect-access ramps
Tollowed by bus lanes, rolling stock purchase, and bus stops.

The eotal estimated investment cost of service-relared improve-
ments is approximately 5305 million. Approximately one-third of
the proposed improvements are cstmated o cost 5100000 or less,
Approximately 50% mere of the mprovements will cost betwesn
100000 and S300,000 each, Only shout 153% of all impravements
arc estmated to cost between $1.2 million and $120 million each
and together account for approximalely 9% of the total esdmated
investment cost. Viewed from a differen pespective, 85% of all pro
pusied improvements conld be implemented for d total of 530 million
ar 10% of the total estimated capital costs, These results are summia-
rized in Table 1 and supgest that the greater masority of the proposed
improvements could be implemented at 4 reladively low otal eost

Distribution of Coste per Affected Ride

Expeetedly, the major capital projects indicate the highest and most
out-of-the-norm umi cosis per affected ride. If projects are 1o be
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TABLE 1 Distribution of Capite! Imestmeant Coste

Share of Analveed Share of Tolel
Clost per Project Projects Capiral Costs®
LU e 550,000 2% 0,135
550000 1o 100,000 12% 0276
S1A0,000 to S200,000) 145 .75
F200,000 to 5500,000 16%: 1.7%
LRI e 1,000, (R I L
SO O00 1o 51,200,000 (e &, 1
Greater i § 120000 15% 0.1%

*Todal propects analveed are bod
"Tatal essimatzd capiral inveatment enat 38 appeoximarely £505 milloa,

pricritzed according to benefit level or costper affected ride, then
nearly 73% of the proposed projects could be implemented al
approximalely 2% of the wial estimated capital costs, This will
mclude projocts that are estimated o vield additional costs per ride
of 30 cents or less. Indeed, as moch as TUF of proposed projects will
yield additional costs per ride of 25 cents or less, and S0% of pro-
posed projects will vield additional costs per ride of 5 cents or less,
These resnits are summarized in Table 2.

These resules sugaese that mest proposed linprovements will
not add significant additional costs per ride w existing operations.
Besides, these improvements could generate additional ridership,
which, if realized, would lower the estimated costs per affected ride.

PRIORITIZATION OF SERVICE-RELATED
IMPROVEMENTS

Thires clussaes of projects resulted from the analysis, The first includes
152 projects lor which the entire cost estimation procedure was
applied. Projects in this fiest group were ardered from the lowest cost
par affectzd ride to the highest and divided into the seven griseps of
costs indicatad in Table 3, The second class includes |2 projects [or
which partzal analysis was conducted. Coats wers estimated for these,
bt ridership data were niot available to convert them inlo cosls per
affected nde. The third class of projects includes rthose that daplicared
zither vther projects already inclvded in existing planning documents
or ather projects in this snalyses,

As shown in Table 3, the first class of projects is divided into
groups to correspond with the existing dennminations of currency
beginning from $0.01 10 5100, Al other results higher than $1.00
are placed i the seventh and last priority group. Slighty more than
half of all analyeed impeovements Tall into the twa highesi-priomty

TABLE 2 Distribution of Coste per Affacted Ride

Currulative % of Total
Capital Crars®

Conoulative 9 of
Analyresd Projects?

Clnst per

Adiected Kode

Lpepo B0.05 32 KR
Lip oo 10 o 6.3
Up ux $0.25 70 5a
e 30,50 75 1=3
Up te 51,160 1 290

A Loal propeeis anzlyzed are 164,
Tzl earipnared camitl neesinsst cost is appreaiinate v R505 million,
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groups. These groups of projects are estiinated 1o resull m 5005 or
less in additional annealized cost per aifected dde. An additiona
RS of proposed projects are estimated o cost an additional $0.05
te $0.23 per affected ride. Yet 10% more of proposed projects an
eatimated to cost additional $0.25 1o §1.00 per alfected ride.

COSTS OF NETWORK-RELATED IMPROVEMENTS

All improvements identified ns gaps within the regional network of
HOW lanes are considered major capital investments, They fall among
long-term proposals becanse they involve major capital eapendinres
for which funds were not previously programmed, and 1 will ke
some time to design, program and implement them, This section deals
only with the unit costs per user of the gap-related projects, which are
also termed network-related Improvements.

Similar ke the trestment of the service-related improvement prog-
ecty presented in previous seclions, cost estimation for the netwaork-
related investmenls involved a systematic sequence of analyses 1o
derive unitcosts per affected fde, The analyscs included the deter-
mination of towl construclion costs as well as annual operation and
mainlenance costs, annualizing these costs, and matching therm with
estimales ol potential person usage of the high-occupancy lanes.

Estimated Major Capital Investment Costs

The tistal estimated investment cost of network-related, HOV gap
projects was approzimately $2.2 billion. In almost all cases, the esti-
inates did not include the cost of nght-of-way. At a broad planning
level, the cost of comstruction was estimated at an average of 34 mil-
lion per divectienal lane mile, The costs of dght-of-way were not
available for specific locations, Such costs were known 1o be widely
variable and could double or iple the estmared capital investmenl
costs. I condemmation of property is involved, coats could be even
higher, In making comparisons belween the projects related to the
aap sections, therefore, only the estimated costs of construction were
used. The total construction costs were annualized over a 20-year
ecanomic life at a 3% discount rate and sdded to estimates of annual
operating and maintenance cosls,

Estimated Costs per Affected Ride

Potential person usage voluimes of the gap sections were estimated
by using the most recent statistics on existing HOV lane usape from
the Caltrans 2003 HOW Tene repor (1) and by vsing forecast model
data from the MTC. The procedure is oullined as follows:

& For the collection of links in the MTC model along the section
of highway identified g a specific gap section, vehicle miles of
travel (WMT) were caleulaled us the product of link length (dist) and
loaded vehicle volumes (volg,) for the 4-h moming peak period.

WMT = dist #vol,,

= A weighled average of vehicle milas of wavel (YMT,,) was
catfeulated for the gap section by dividing the sum uver all links 1 of
WMT values ( Fvmt,) with the sum of link distances (5 dis0,

T vl
VMT,, = =

Z_ idist
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TABLE 3 Tally of Prioritized and Othar Projacte

%]
m

Range of Costs per Number of Propisad B ol Analyzed i of All Initially
Prapect Classifiouting Mieciod Rie Projecrs Projeers Pruposed Provects
Fully analyzad 152 3 a5
Pricrity | Up o Bir.04 35 2l 20
Priosicy 2 SO o i 0s 31 31 ]
Priority 3 105 1w 50,10 I3 @ 4
Prioriny 4 0100 F2s 14 4 8
Pricite 3 .25 to %050 9 3 3
Priority 6 S50 51,00 9 5 5
Pricrity 7 Grreuter than 5100 I% 12 11
Partially anelvzad i 12 7 T
Duplication i i féa 3
All indtially proposed prosecrs 178 10

* To estimate the portion of YMT that would be in the HOV
lanes (M) within the Zap sections, the weighted average VMT
was multiplied by the factor of 15%. This factor was determined for
the: colleciion of HOV lunes in (he Bay Area from the 2003 HOV
lane report,

vz""qlrrui'.' = V:vn-:-.a * 5%

®* The evimated portion of YMT in the OV lane was doubled
to aceoumt tor HOW Lane aperation during both moming and cVening
peak periods,

* The estimited daily YMT of high ocoupancy vehicles was mul-
tiphed by favilioy-specific vehicle pecupancy factors (ooe) that were
determined from the 2003 TTOV fane regart. This provided! an esii-
mate of average person miles in the HOWV lane (PM Ty b within the
gp section, The result was multiplied by 250 days to obtain the annual
person nules of HOV tavel on weekdays (excluding holidaysy,

PMT,0, = VMT, . # 2 % oco# 250

Estimuted annval costs were maiched with estimated annual
person miles (of HOVs only) @ determine (he estimated costs per
affected mile of OV ride, The progests were then tanked by cost per
atfected mile of HOV ride. By using anmalived construction costs
feacluding nght-of way costs ), the anulyses estimated 4 range of costs
per person mile of from $0.07 to $0.55, If costs af right-of-way were
inchuded, these costs would jump to between $0.20 and 51,50 per per-
son mile. The estimares, which gre summarized m Table 4, indjcate
that nearly 0% of the capital project lane miles will resull in costs
per person mile of $0.15 or less with more than 40% hetwean fin 10

and $0.15. Even if these costs tripled wilh the inclusion of right-of.
way costs, they will remuin within a mrmageable range of $0.30 to
$0.45 per person mile,

SUMMARY OF CAPITAL AND DFERATING CDSTS

Previous sections of this report describe how proposed projects
are prioritized by benefits, which are measured a5 the inverse of
the tolal annualized cipital and operating costa per alTected ride.
It is recognized, however, that capital and operating costs of infra-
sfructure sometimes come from different funding sources, In this
section, the cost itemis are summarized gver il projecis and are
differentiated between capital and operating costs. Tor conve-
mience, the summary cost figures are strarified by prionity lists of
projects thal were presented in tables thay vortesponded to the lise
ideniified in Tale 5,

Service-Rolated Improvements

Ihere are seven categories of service-relaied prinTLy lists of projects.
The estimated eosts are summarized in Table 5. The enlimared capi-
tul costs of these proposed projects is slightly more than half o billion
dullars, which i cquivalent v $40.4 million in annualized capital
costs. Related annual operating and maintenunee costs are estimaled
at $7.9 miilion. In sum, therefore, reapensible agencies woulil need
to spend approximarely S48 million por Year during the next pwa
to three decades to [und all the proposed service-reled projects.
I is apparent from the cost summary that the seventh list of priority

TABLE 4 Distribution of Costs per Affected Person Mile

Bange of Costs per Mumber of Lane Mifes of Cumulazive % of Totwl
Affected Person Mile Prajecrse Projecrs” Capital Cosrs®

Lpeo SO0 4 7 15

SO e $015 18 223 59

S0.15 w5020 T 3% it

FL20 o $)25 3 ) 2

Greazer than $0.25 h i3l 106

Tral 37 514 11K

“Towzl number of projects wnalyesd sro 37 COVCNg uppiosimately $18 lane mi,
“Totul estimated cagital investment cost is approzimately $2.2 Wllion,
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TABLE B  Bummary Coete of Service-Related Improvemante

Priaritizzd Project List

Tosal Capital Costs

Annuelized Capital Cost: Anmual O&M Coste

Frionty List - 5001 or Jess per affected ride $2.259,630 5286437 HERRIE
Privriry List 2 50,01 w0 50,05 per atfected ride E17.0019, 254 o608 8215 SRALTIE
Priomity Liat 3: $0.05 (o S0.10 per aifected ride 512,663,210 §1.052,829 $351,373
Driosiry Ligt 4: K0, 10 o0 $0.25 per affected ride F10,856,752 $022.147 82 E
Prinvity List 3; 50025 to $0.5 per aflected ride 519,246,508 51,396,585 500,219
Friority List o $0U50 o 1,00 per affected ride 47064952 §7,955.476 Fr02u75
Pricvity List 7; more than 51,00 per affecied ride SR 245 824 526,444 5493 55,124,780
List #; partially analyzed prijects 5T, 265970 5667301 52446,13%
|.i5e W dupiteale projects WA WA A
Tulal snalyzed projects $504,612,531 Fad, 394,109 LTE TR B

projects, which account for approximately 70% of the capatul costs,
are e Facto major capital projects.

Network-Related Improvements

There are fowr groups of network-related prnonity lsts of projects,
The summary costs are presented in Table 6. The estimated capital
costs of these proposed projects 15 slighty less than $2.2 billion,
which is cquivalent o 51734 million in annualized capnal costs.
Related annual operating and maintenance costs are estimited al
FL0.8 million. In sum, therefore, responsible apencies would need
to spend approsimately 5154 million per vear during three decades
o fumdl all the proposed network-reluiesd projects,

CONCLUSIONS
Service-Helated improvemsants

I'he greater majority of the proposed, service-relaled improvemeants
could be implemented at a reladvely low total cost, The estimaes
indicate that 353% of ol proposed improvements could be imple-
rentesd Do o lodal of $30 million, equal o just 10% of the total cst-
muttzd investment cost, The estimates also suggest that most proposed
improvements will not add very significant additional costs per
ride W existing operations, Slightly more than half of 1] analyeed
improvements were estimalad (0 result in 505 or less in additional
annualized cost per affected nde, An additional [E® of proposed proj-

TABLE B Summary Costs of Matwork-Aelated Improvementa

eols were estmated 1o cost between $0003 and $0.23 per affectad ride,
and 10% more were estimated 1o cost between $0.25 und 51,00 per
affected ride. It is worth noting that these proposed improvemenis
could generate additiomal ndership, which, 10 realieed, woull Tower
the estimarcd costs per affected nide, In addition, olher nunexpross
bus services might benefit from the proposed improvements, 1f
this happens, the accrual of benefits from the projects will further
INCTEase,

Metwork-Related Improvements

Diespite the application of a uniform unil constructiog cost o all
HYY gap related projects, significant variabilicy in projected levels
of use suggest a wide variation in the incidence of benefits attribot-
able to them. The cstimated anmualized construcion costs (exclud-
ing tight-ul-way costspimficaled o range rom o reladyvely Tow $LOT
e v significantly higher 0,33 per person mile,

Approximately 6% of the lane miles within the gap sections
e st Lo result 1o relatively manageahls unit costs parper-
son mile of 50,15 or lwer with miore than 40%. between $0,.10 and
F 15, Bven i these costs were o triple wilh the inclusion of riglht-
of-way costs, they would fall within 2 range of 5130 to 5045 per
person mile. i

Other motorists would nse the HOV lanes dunng the off-peak
periods. thereby lowenng the estimated umt costs per person mile.
However, the facilites would not have been built for these other
wsers, who would ordinarily not need the extrs capacity off-peak.
This i3 why the analyses focused on benefits to HOW use.

Annualized

Priarinzed Projeat Liss Taal Capatal Costs Copital Costs Anmual Odeb Costs Lz Miles
List PO 1: freewny sectiom: will gaps in HOW lanes e na congestion RETA KON 3201660 74000 2
List 10-2: Congesied Ireeway sections with right-nf-way limizazians

anit pofentadiy high construcdon costs FEE3 GONLON TSR0 $4,418,004) oy
List 102 non-treevey sectons hat pose gaps in HOY lanes and

right-nf-way [imitarion: exis Fa04 IGO0 524,393 747 SEAZ00M0 Th
Lisl 10-d: frasway s=ctions w9th a bormlenack upstream or dowasemeem

thas wrutd limit the aflscitveness of OV lane opermion F 1 FR.0 0K FiZn78.339 FTH0 il
Tolal HOW wap prigects 2 TANAN0 00 S172.450,085 ST0RGZ,NI0 518
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Service-Helatad Varsug
Metwerk-Ralatad Improvements

Fxpeciedly, the ne bwork-refated tnpravements, which are all de
farto major capital projecis, would vield compara vely higher uni
coeits per affected ride thay the service-related tmprovements in BEii-
etal. As an ilustration, assume thal the averyge express bus ride way
[0 mi Tong, Then the cost PET person mile Tor RO of the relatively
lowe-Cost, service-related Projects would range from frmctions ol a vem
1010} cents, This range is signiticantly lower than 7 CENLs 10 55 ceneg
lexclnding right-of-way cost) estimated For 1he et relire: capi-
tal progects. The dttenctivensss of the HOW £Up section improvements
inchudes (he unguantified, rerwork interconnectivity they would
pravide for expedited und seamless ox [Press bus ravel,

The prioclization process presented is simiple in scope but emplig-
sizes an iImportant criterion, the user benetipy of projects, It can fing
wide applivation in man ¥ Iransportation projects and could exsily be
tsed by many agancies,
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