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Major investmentsin transport projectscurrently under way in | srael
account for 1.2% of gross domestic product. The government is allo-
cating budgets for new roads, intercity rail lines, and masstransit sys-
temsin all major metropolitan areas, with a growing share of private
financing of public infrastructure. The government issued a new guide
for transport project appraisal in 2006 to improve the decision-making
process and the efficient allocation of funds. The guide is a result of
substantial research and comprehensive review of worldwide develop-
ments, positioning project appraisal techniquein linewith best practices
and state-of-the-art transport economics. The paper focuseson themain
methodologies and changesin the new guide. The 2006 guide broadens
theproject impactstaking into account cost—benefit analysis(CBA) and
thusreducespotential biasamong different typesof projects. New safety
and environmental impact analysisarenow part of CBA. Other impacts
include equity analysis and accessibility and level-of-service indices.
Special attention was given to improve the interaction between the
transportation model and the economic model, integrating the various
project impactsunder abroad systematic analysis. Benefitsarecalculated
based on welfare theory, and a special procedureisintroduced to eval-
uate the potential bias under fixed demand travel demand models. It
was shown that benefits are usually overestimated by use of the fixed
demand assumption. These over estimates ar e negligible under normal
flow conditions, but the bias is high under congestion conditions and
elastic demand.

Investment in transport infrastructure improves mobility and is
considered to have amajor effect on economic activity and growth.
National accounts of European Union countries show that thetrans-
port sector amounted to 8% of their gross domestic product (GDP)
(2). Although there is significant evidence of the economic impact
of transport infrastructure, itsactual contribution to the GDP or wel-
fareisasubject of great debate among researchers [see for example
Banister and Berechman (2)].

Inlsrael, the Ministry of Transport and Road Safety isin charge
of transport policy, infrastructure financing, and strategic planning;
and local authoritiesarein charge of project planning, building, and
maintenance. Intercity roads are planned, built, and maintained by
thelsrael National Roads Company. Intercity rail isplanned, built, and
maintained by the Israel Railways Company.

Transport infrastructure investment accountsfor 1.2% of Israel’s
GDP (2006). Investments increased significantly during the past
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decade (67% since 1996), and the Ministry of Transport and Road
Safety aimsto reach an annual investment of 1.9% of GDP by 2011.

|srael’ sgovernment isallocating budgetsfor new intercity rail lines
and masstransit systemsin all major metropolitan areaswith agrow-
ing share of private financing. As aresult of this policy change, the
public transport share of total investment has increased dramatically
from 5% in 1996 to amost 50% in 2004—2006 (see Figure 1).

Project appraisal is carried out for all new infrastructure invest-
ments. The appraisal framework aims to assist decision makersin
the building and advancement of projectsthat will improve accessi-
bility, safety, and the environment; contribute to economic growth and
the national economy; and maximize social welfare. The uniqueness
of theappraisal framework isinintegrating all project impacts under
abroad systematic analysis of the project and transport network.

Thefirst official project appraisal guidetitled Transport Projects
Manual (3), publishedin 1996, was based on the cost—benefit analy-
sis(CBA) technique and included new features and methodol ogies.
Before this guide, project appraisal was carried out to best practice
but was not necessarily consistent and comparable. The 1996 guide
was appropriate for road projects and set new national standards for
project appraisal, but had serious limitations in evaluating public
transport projects and projects in congested areas.

In 1998 the government, recognizing the guide’s limitations,
initiated reassessment of the methodology for the purpose of using
abetter evaluation procedure and values mainly for rail projects. In
response, recommendationsfor methodol ogical improvementswere
introduced by the Hague Consulting Group (4) aiming mainly to
improve public transport appraisal capabilities. However, thiswork
was not adopted as part of the official guide.

Theneed for animproved guide hasgrown gradually. New complex
projects under planning, including major mass transit systems and
various transport policies, demand a more realistic modeling and
evaluation process. Private-sector financing of transport projectsis
becoming more and more popul ar and requires specific consideration.
Theoretical developmentsand new approachestoward traffic safety,
environmental impacts, and equity considerations have increased
the requirement for broader project impact assessment.

The new 2006 guide, Transport Project Appraisal (TPA) (5),isa
result of substantial research aimed at dealing with the new needs
and putting project appraisal techniquein linewith best practiceand
theoretical developments. The guide is currently available only in
Hebrew; this paper describesits main elements and some of the new
research that was incorporated into it.

LITERATURE REVIEW

Many researchers and agencies are involved in the research and
improvement of appraisal methods. Most research in thisareahas
been conducted by variousinstitutions seeking to improvetheir own
methods, along with some academic research. Most notable are the
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United Nations Forum of Ministers for Research; World Bank;
European Conference of Ministers of Transport (6, 7) and various
European Commission research projects, mainly European Network;
and TCRP in the United States (8). Academic research has focused
on awide area of related topics such as benefit estimation, modeling
of decision support and uncertainty, socioeconomic impacts, net-
work effects, public transport value of time, multicriteriaevaluation,
and application issues.

Methods of project appraisal differ among various countries as
a result of distinct histories of the development of theoretical and
practical application. For good reviews of the specific methodsusedin
different countries see Vickerman (9) for Great Britain, Rothengatter
(20) for Germany, Quinet (11) for France, Morisugi (12) for Japan,
Lee (13) for the United States, Bristow and Nellthorp (14) for the
European Union, and Talvitie (15) and Kerali (16) for developing
countries. Finaly, Hayashi and Morisugi (17) provide an excellent
international comparison.

There arevarious methodol ogical issues associated with appraisal,
andthetopiciswell coveredintheliterature. Mackie and Preston (18),
for example, list 21 sourcesof error and biasin the appraisal of trans-
port projects. These relate to objectives, definitions, data, models,
and evaluation conventions. The base of CBA is common to all
appraisal frameworks. For general background of CBA, see among
others Sugden and Williams (19) and Layard and Glaister (20).

Analternative approachto CBA isamulticriteriaanalysis(MCA),
presenting variousimpacts of the project in asummary table. MCA
is often seen as competing with CBA, although thereis no reason
why the two approaches may not be used in an entirely complemen-
tary manner in the overall framework, and lately there are various
cases in which the two methods are combined. As an example,
Tsamboulas and Mikroudis (21) describe EFECT, a generalized
methodological framework for evaluating the impacts resulting
from transportation projects, with a specific orientation to envi-
ronmental impacts. The expert Transport Investment Evaluation
group in Europe developed a summary and synthesis of various
European appraisal reportsand envision ajoint CBA/MCA model

asthe most effective way to pursue project appraisal (22). ltsreview
of European practice reveals that many countries have a strong
historical tradition of MCA in atransport appraisal context and that
othersinclude someform of MCA procedurein an overall appraisal
framework.

V arious decision support systemswere devel oped to help decision
makers eval uate complex choices on the basis of enhanced accessto
information of different types. For example, Brand et al. (23) describe
the outcome of aEuropean research project called STEEDS (scenario-
based framework for modeling transport technology deployment:
energy—environment decision support). Tsamboulas and Mikroudis
(21) describethe presentation of resultswithinthe EFECT framework,
whereby the use of an additive function combining MCA and CBA
methods provides the simple and intuitive understanding of results.
Other examples of decision support systemsare presented by Colorni
etal. (24).

Both the United Kingdom and Japan have developed summary
tables, the Appraisal Summary Tablein the United Kingdom (25) and
the Benefit Indices Table (BIT) in Japan (26), astools presenting a
summary of the eval uation resultsto decision makers. See Morisugi
and Ohno (27) for theoretical background of BIT, and for an example
of quantitative BIT see Nakamura (28).

TRANSPORT PROJECT APPRAISAL GUIDE 2006

TheMinistry of Transport and Road Safety and the Ministry of Finance
published the Transport Project Appraisal (TPA) Guide in 2006.
The combined efforts of the two ministries were essential for the
successful development and implementation of the new guide. The
new methodology isaresult of extensive research work and compre-
hensive review of worldwide methodologies aimed to put project
appraisal technique in line with best practice and theoretical devel-
opments. The TPA 2006 defines aformal procedure that must be
carried out before approval of any transport project on the state,
regional, and city level.
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Objectives of the New Guide

Compatibility with Economic Theory
and New Transportation Models

An effort was made to base the new methodology mainly on micro-
economic theory, welfare theory, and willingnessto pay. The new
appraisal framework is consistent and compatible with the latest
generation of transport modeling. The new generation of activity-
based modelsis currently being developed for the Jerusalem and
Tel Aviv metropolitan areas; plansfor additional metropolitan area
models, aswell asanational model, arein progress. The devel opment
of these models uses the latest theories and technologies including
the Global Positioning System and cell phonesfor travel information.
These new-generation modelswill provide enhanced capability to deal
withtoday’ s planning needs, such ascongestion mitigation and various
policies, and will contribute to more realistic analysis of project
appraisal and policy decisions.

Public Transport Oriented

Over the years, the Ministry of Transport and Road Safety’ s policy
has shifted toward public transport projects asthe coreinfrastructure
investment in major urban areas and in major intercity corridors.
The TPA 2006 contains many methodological improvements that
are more suited to both highways and public transport projects
(29). Multimodal corridor study is now part of the evaluation pro-
cedure applied to major corridors, making sure public transport isnot
neglected. Accounting for a broader range of externalities in the
procedure reduces potential biasamong different typesof projects(30).

Urban Oriented

Congestion ismore severein dense urban areas and on major access
roads to main cities. The introduction of a new scheme that takes
into account the difficultiesin using travel demand modelsto eval-
uate the impact of improved congested facilities, together with the
new benefits mentioned above, is much more effective in targeting
urban projects.

Main Improvements in the New Guide
Improvements in the new guide include

e General methodology. A new and improved methodology of
project appraisal based on CBA with elements of MCA, multimodal
and advanced interaction between the economic model and thetrans-
portation model, including treatment of induced demand, congestion,
and door-to-door time.

e Project impacts. The new guide aims to include more project
impacts and benefits. New safety and environmental impact analysis
is now part of the CBA. Other impacts include equity analysis and
accessihility and level-of-service indices. Other impacts, such as
economic and regional development and reliability, may be assessed
separately as a sengitivity analysis, but no specific methodology is
gned for that purpose.

e Project costs. Cost guidelinesinclude anew set of vehicle oper-
ating costs, more conservative guidelines on how to treat project
cost assessment at the planning stage, new methodologies of road
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maintenance cost assessment (31), and traffic delay costs during the
construction period (32).

e National database. A new database, containing detailed car
accident history, official detailed population and employment fore-
casts, operating costs, and project evaluation results, issupplied with
the guide (33). Such a database provides better and more consistent
valuesfor evaluation.

e Riskandysis. New risk analysisisintroduced aspart of the eval-
uation. The project’s major risks are identified, and risk analysisis
carried out in the form of scenario and sensitivity analysis.

e Equity analysis. The CBA givesarelatively clear measure of a
project’s economic impact on a national level. However, the gov-
ernment is also interested in the distribution of these benefits and
burdens over different groups of the population. The new equity
analysisfor the TPA 2006 suggests focusing on the most important
goal of atransport project—the improvement of people’ s ability to
travel. The analysisis conducted and presented separately from the
CBA (34).

General Methodology

The coreof the appraisal framework isthe CBA, compiling measured
impacts into monetary values and calculating standard financial
decision criteria: net present value (NPV), internal rate of return, and
benefit—cost ratio (35). These measures account for the various ele-
ments in the evaluations that are monetized including time saving,
safety, and environmental impacts. Additional information is also
presented in the executive summary table that functions as a multi-
criteriaanalysis(MCA) and includes accessibility indices and safety,
environmental, and equity impacts—along with an overall project
evaluation. These measured impacts give additional critical infor-
mation that is not revealed in an NPV [ump sum. No weights are
provided to the different criteria, and they are simply presented sep-
arately so decision makers can make their own judgments about the
importance of various elementsin addition to the overall cost benefit.
The executive summary table, translated from Hebrew, is presented
inFigure2. Theinformationin Figure2ispublicly available, but there
isnoformal processfor accounting publicinput. Thisgeneral method-
ology isinlinewith the practicein many countriesthat includes some
form of MCA procedurein an overall appraisal framework (22).

Asto the CBA, net benefits are discounted using a 7% discount
rate during a period of 25 years—15 for small projects of less than
NIS 50 million ($1 = NI1S4.3)—or 40 yearsfor masstransit or large
rall projects.

The CBA is conducted separately for each project to estimateits
contribution to the network. The project is evaluated under the
assumption of completion of other planned projects on the network.
This type of analysis does not provide an investment plan and pri-
oritization of the projects. However, the new guide recommends con-
ducting sensitivity analysis with and without other adjacent planned
projects, to support decision making on the network level.

PROJECT IMPACT: COSTS AND BENEFITS
Time Saving

Time saving is usually the most significant benefit in the cost—
benefit analysis of transportation projects. Travel timeisconsidered
as opportunity cost, and reduced travel time provides improved
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Summary Table

Project Name
Project
Description Project Description
Plans Project Planning Status
Statutory
Costs Project Costs in Million NIS
Financial Analysis
million NIS NPV IRR B/C Recommended Year for year
Total Value Value Value Completion
Operating Costs Value Value Value First Year Cost %
Passenger Time Value Value Value Recovery
Safety Value Value Value Cost Recovery Period no. of years
Environment Value Value Value (Years)
Project Impact Sheet
Index Value Notes
Accessibility Annual Time Savings Value Passengers hours per year
Average Travel Time Savings Value Percent
Changes in the Level of Service Value for example: from E to D
Change in Public Transport LOS Value Additional supply (Vkmt) per day
Change in Pedestrian Accessibilty Qualitative Side-walk is shrinked by 70 cm
Safety Annual Change in Accidents Costs Value Million NIS, 2010
Fatality Estimated Change Value number on 2010
Expected significant accidents
General Assessment Qualitative reduction on rd. 6 cross-road
Environment Noise Value Size of population exposed
Air Quility Value Increase in PM10
Severance Value Size of area damaged
Landscape Qualitative Type and description
Other Qualitative
Social Equity Household Equity Index Value Car-less are less improved
Community Equity Index Value Weak communities improved
Overall Assessment Other Impacts
Planning Notes
Assessment
Recommendations
Summary Appraisal conclusions, recommendations and special notes

FIGURE 2 Appraisal summary table (IRR = investment return ratio, B/C = benefit—cost ratio,
LOS = level of service, Vkmt = total vehicle km, PMIO = particulate matter 10* pm diameter or smaller).

accessibility. Value of timeis used to monetize time savingsand is
therefore acritical valuein the analysis.

Accordingly, in the new guide, significant effort was devoted to
improving methodol ogy and valuesin regard to time saving, render-
ing them compatible with worldwide practice and at the same time
reflecting local values (36).

The principles adapted in the appraisal are asfollows:

e Timeis based on the travel demand model and door-to-door
time, including access time and in-vehicle time.

e Thereisonevaue of timefor al time components (in-vehicle
and out-of-vehicle time), for all modes (private, public), and for al
populations (age, income, geographic, and al other categories). This
principle, common to many other countries, can be viewed as provid-
ing equal opportunities to poor and rich and to highway and public
transport projects. Giventhat public transport usersin Israel arefrom
lower socioeconomic sectors, this policy also works to encourage
public transport investment.

e Timeistreated linearly, regardless of the amount of time saved.
In other words, the value of time of 1 min savedisequal to thevalue
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of time of 1 h saved. Thisis common practice, with few exceptions
where small time savings are not accounted for, such asin Germany
and Canada.

e Meantravel timeisappliedintheevaluation, asin other practices.
However, time reliability is an important benefit of certain trans-
portation projects (especialy when exclusiveright-of-way is provided)
and can be accounted for in the eval uation. Specific methodol ogies
are currently under development.

e Value of time should be based on the willingness to pay prin-
ciple; commonly the national average wage is used as a proxy for
willingness to pay and common practiceis used to take a percentage
of these values for different trip purposes.

e Value of time varies according to three trip purposes: work-
related, commute, and all other. Thisisanimprovement over the 1996
guide, in which thelatter two were combined and alower value was
assigned to both. The new guide acknowledges the importance of
commute trips to social welfare and, hence, a higher value of time
was assigned to them.

e The official values of time for December 2006 prices are

—Work-related: NI1S56.6 per hour ($13.2, 100% of wagerate),
— Commute: NIS 17.0 per hour ($4.0, 30% of wage rate), and
— Other: NIS 11.3 per hour ($2.6, 20% of wage rate).

Environmental Impacts

The environmental analysisin the new guide is afirst attempt to
include environmental considerationsin the appraisal guide (37).
Further research and development is currently being undertaken to
improvethe process. Default procedure based on the recommendations
of the previouswork by the Hague Consulting Group (5) can be used.
Thenew guidetreatsfour elements: air quality, noise, green areasand
severance, and landscape. Thefirst two items are monetized, and the
last two are eval uated quantitatively but are not part of the CBA. Not
all elements are required for al projects, and the guide specifies
these occasions.

e Air quality. Inthe new guide, cost changesin air quality asa
result of transport projects are estimated using human life values.
Air quality impacts are estimated based on changesin PM 10 asrep-
resentative of the main pollution source. The change in cost takes
into account the expected mortality rate with and without the project,
the population exposed, and human life values of NIS 4.0 million.
Secondary pollutants such as ozone and greenhouse gases are not
considered at this stage. There is a significant variation in the type
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of pollutants that different countries include in their evaluations,
only France and Japan al so take into account global warming.

e Noise. There are various methods to estimate the cost of the
effects of noise, including willingness to pay, past compensation
determined by court, and effects on real estate values using hedonic
models. Thelatter method was used in the new guide. According to
the model, the factors affecting the cost of noise are changein level
of noise, population exposed to the noise, the type of community
exposed, and the type of project (rail versusroad).

e Green areas and severance. The impact of the intrusion is a
numerical measuretaking into account the green areataken, itssize,
theway thetransport project crossesthearea, thetypeof infrastructure,
and the sensitivity of the areagiven its natural and other values.

e | andscape. A numerical measure was also developed for the
landscape effect, taking into account the popul ation exposed, the view
and visibility of the damage, the type of project, and the sensitivity
of thearea.

Traffic Safety

The Ministry of Transport and Road Safety conducted a series of
empirical studies on the cost of accidents in Israel during the past
few years (38, 39). The annual cost of accidents was estimated at NIS
126 hillion, representing 2.5% of GDP, or $450 per capita(N1S1,880).
These costsincludefatalitiesand injuries, pain and suffering, property
damage, traffic delays, and administrative costs.

Evaluating the safety impacts of atransport project is not an easy
task. Accidents occur irregularly, and the impact and costs differ
significantly according to the severity of the accident, type of road
and the vehicles involved, time of day, and other factors. Evalu-
ating the effect of different accidentsis heavily dependent on the
availahility of datato support this evaluation.

Considering the difficulties and data availability, the new guide
introduces a series of guidelinesto evaluate project impact on traffic
safety:

e A national accident database has been established and includes
severa sourcesof data, detail ed descriptionsof accidents, and statistics
from recent years.

e Project impact is measured in regard to the change in accident
costs rather than in the number of accidents. This methodology
naturally incorporates safety impactsinto the CBA and, furthermore,
it ensures that a correct weight is given to accident severity. The
official cost of varioustypes of accidentsis presented in Table 1.

TABLE 1 Car Accident Costs by Severity of Accident

Severity Cost
Fatal
Fatality NIS 4.7 million per casualty including damage to property
Severeinjury  NIS0.5-0.9 million—by location of accident and type of vehicle (car, bike. . .)
Lightinjury ~ NIS17,000
Severe
Severeinjury  NIS550,000-950,000
Lightinjury ~ NIS17,000
Damage NIS 3,000-60,000—nby factor involved (car, bike, pedestrian . . .)
Light
Lightinjury ~ NIS17,000
Damage NIS 2,000-40,000—nby factor involved (car, bike, pedestrian . . .)




Shiftan, Sharaby, and Solomon

e Theimpact of specific safety elements on the number of acci-
dents can be calculated based on empirical statistics. For example,
urban traffic circles reduced accident probability by 57% to 62%,
lighting in urban streets reduced night accidentsby 18%, and intercity
interchanges reduced accidents by 20% to 25%.

¢ The methodology uses the systems analysis approach to mea-
suretheimpact in the project vicinity, including all thefacilitiesthat
might be influenced by the project. A set of cost equationsis given
for intercity road analysis. These equations are described below.

Onenew element in the 2006 guideisthe consideration of accident
cost asafunction of traffic volume on intercity roads. Thiscostisa
result of the probability of an accident and its severity, which are
functions of traffic volume and speed.

When there are no cars on the road, accident cost is zero by defi-
nition. When traffic is congested and travel speeds are low, the cost of
accidentsisminimal again, because only light accidents are observed
intrafficjams. Empirical analysisof accident cost dataand traffic data
on uninterrupted intercity road sectionsin |sragl was used to estimate
accident costsasafunction of volumeto capacity (V/C). It wasfound
that an accident cost on a section of road isat its maximum for traffic
volume in which the V/C ratio is dightly less than 0.5. This may be
explained partialy by higher variance of travel speeds at that point,
causing more severe accidents and setting costs of accidentsat amax-
imum. Thisis demonstrated in Figure 3, presenting the official cost
functionsfor single-, two-, and three-lane per directionintercity roads
(40). Thiscost doesnat include delay cost, whichistaken into account
separately and obvioudly isincreasing with V/C. It can be seen that
accident costsare significantly higher on asingle-laneroad for amost
all volumelevels, suggesting that widening such road sectionsfrom a
single lane to two lanes would result in high safety benefits.
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INDUCED DEMAND AND CONGESTION

One of the main problems with the 1996 guide, as with many other
international guides, is the assumption concerning fixed demand
(41). Under this assumption a project has no impact on the total
demand. Thisunrealistic assumptionis problematic mainly in mega-
projects. There are two sources of bias resulting from the fixed
demand assumption. First, by definition, benefits to new users are
not counted in the appraisal. Second, time saving to existing users
is overestimated because speed is higher than in reality, as the
assumption of fixed demand does not consider new users.

Figure 4 demonstrates this effect. Assume that there is aroad
section with regular supply function (representing time costs and other
costs) that isincreasing with volume (S;). The demand is adecreas-
ing function of total cost as shown by Line D, and an equilibriumis
achieved at point a. Improving the road shifts the supply function
to S, with new equilibrium at point b. At this new equilibrium
point thereisaconsumer surplus gain to existing riders represented
by the area egha, in addition to benefits for new riders represented
by thetriangle ahb. Under the assumption of fixed demand, the new
equilibrium is at point c. At this point benefits for new users are
underestimated (area abh) whereas benefits for existing users are
overestimated (ghcf). In network terms, if the road improvement has
shifted only route choice, then the equilibrium points a and c are
consistent with the Wardrop equilibrium and the demand function rep-
resents changesin traffic volume resulting from other shifts, including
mode and destination. Williams and Moore (42) investigated the
relative size of these two areas under various scenarios of demand
and supply. They found that at high levels of congestion with elastic
demand, thereisasignificant overestimation of benefits under the
fixed demand assumption, and under regular flow condition, this
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FIGURE 3 Cost of accidents by traffic volume, NIS per road kilometer, hourly and daytime.
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FIGURE 4 Potential bias under fixed demand assumption.

overestimation will be lower and may even underestimate benefits.
Williams and Y amashita (43) extended this analysis to the project
lifecycle.

Thisissue is often referred to as induced demand. A new transport
project attracts new users. These users can comefrom various sources:
they may have previously used other modes, traveled at different
times, or traveled to other destinations, or may be completely new
users. Induced demand is defined in different ways in the literature
(44, 45). However, in practice these new users represent the demand
to usethefacility and theinduced demand issimply the demand that
isnot accounted for by thetravel demand model in use. So, theissue
of induced demand is basically the limitation of the travel demand
model to represent all sources of new users, which is exactly the
assumption of fixed demand. In most travel demand modelsin use
today, the total number of trips is not sensitive to level-of-service
variables. Therefore, an improved facility will not change the total
number of trips, and thisiscommonly referred to asinduced demand.
New activity-based modelsare being devel oped in many placestoday
including the two main metropolitan areas of Israel, Tel-Aviv and
Jerusalem. These advanced model s derive the demand for tripsfrom
the demand for activities and have the advantage of being more
sengitiveto level-of-service variables, including at the trip generation
levels (46), and thus accounting for induced demand.

The problems associated with the fixed demand assumptions and
current travel demand models used for eval uation can be summarized
asfollows:

e Theeffect of fixed demand assumption on highway versus pub-
lic transport projects. The assumption of fixed demand may cause
biasin the evaluation of different types of projects. Specifically, the
bias described above as overestimating the benefits of time saving
refers mainly to highway projects. Ignoring induced demand in
highway project evaluation also underestimates various negative
externadlities, mainly air quality. In public transport projects, however,
the assumption of fixed demand has marginal effects on thelevel of
service; therefore the overestimation of time saving for new usersis
marginal. However, the underestimation of benefits for new users
may be significant.

e |gnoring the relationships between transport and land use.
Improvementsin the road system encourage sprawl. In thelack of a
combined land use transport model, this effect is not accounted for
and total vehicle kilometers may be underestimated.

e Unredlistic travel times. One of the main problemswith current
travel demand modelsisthat travel timesunder congested conditions
are unrealistic. This results from the static nature of many of the
modelsin usetoday and their inability to deal with traffic queues. To
copewith the capacity constraint problem, volumedelay functionsare
highly sensitive at congestion. Therefore, for any small improvement
in acongested network, the model will show significant time saving,
overestimating the benefits. A partial solution for the congestion sit-
uation under fixed demand models is a postprocessor recal culating
travel timesand speeds. Thisprocedure was adopted in the 2006 guide.

e |nsensitivity of the model to time shift. Many of the traditional
modelslack abehavior-sensitive time-of-day model. VVariousresearch
studies show that time shift is one of the main responses to conges-
tion [seefor example Raney et al. (47)]. This causes overestimation
of traffic in congested periods, also resulting in overestimation of
benefits.

TREATMENT OF INDUCED DEMAND
AND CONGESTION IN THE NEW GUIDE

As presented above, fixed demand models suffer from biasin benefit
estimation. Thetravel demand model commonly inusein Israel today
isthetraditional four-step fixed demand model. The new guidetakes
thistype of model into consideration, aswell asthe newly devel oped
activity-based model.

e For the new activity-based model with sensitive demand, the
benefits are cal culated as the changesin consumer surplus using the
standard rule of half as shown in Figure 4.

¢ When fixed demand models are used, the guide suggests using
sensitivity analysis to estimate a range of benefits. In addition to
the fixed demand analysis, a range of elasticity values for each
origin—destination pair is assumed, and the benefits are recal culated
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accordingly. Although this is not the right theoretical solution in
which amore sensitive travel demand model should be used, it can
provide an estimate of the potential bias in benefits from the fixed
demand assumption.

e Better estimation of the time saving of network improvements
under congestion should be carried out using microsimulation or
queuing models. If such toolsarelacking, a postprocessor should be
used that estimates actual travel time using output from the travel
demand models.

A case study is used to demonstrate the fixed demand bias under
different congestion scenariosto illustrate the way the new guide
suggests dealing with such bias. Assume atwo-lane highway section
with alength of 10 km, capacity of 4,000 private car units (PCU)
per hour, and demand of 5,000 PCU per hour. Consider a project
improving this section to three lanes and henceincreasing its capac-
ity to 6,000 PCU per hour. The elastic demand function for this
case shows that under the extended capacity, demand increasesto
5,269 PCU per hour. The project is now examined under both fixed
demand and elastic demand methodologies and under different
demand scenarios assuming astandard BPR volume delay function.
The bias of the fixed demand methodology was measured as the
difference (percentage) between the benefits cal cul ated under the
two methodologies.

Table 2 provides an example that calculates the bias in case of
congestion. It shows that time saving for existing usersis over-
estimated by 150 NIS (2,612 — 2,462), which is5.7% under thefixed
demand assumption (areaghcf in Figure 4). Thisis compensated by
the additional benefits of new users of 66 NIS (2.5%, areaahb in
Figure 4), resulting in an overall bias of 3%. Figure 5 shows the
results for different congestion levels and three levels of demand
elasticity: —0.25, —0.5, and —0.75. Results show that overestimates
under fixed demand assumption are negligible under normal flow
conditions but the biasis high under congestion conditions (V/C > 1)
and elastic demand.

45% 1
40%
35% 1
30% A
25% 1
20%
15% 7
10%

5% A
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TABLE 2 lllustration of Fixed Demand Bias Under
Congestion, Assuming Demand Elasticity of —0.25
Case Study Congestion Condition
Unit Without Project With Project

Lanes 2 3
Capacity pcu/h 4,000 6,000
Length km 10 10
Free flow time h 0.111 0.111
Benefits Under Fixed Demand
Demand pcu 5,000 5,000
Vv/C 1.25 0.83
Time h/veh 0.15 0.119
Total time h 759 596
Time savings h 163
Total benefits NIS 2,612
Benefits Under Elastic Demand
Demand pcu 5,000 5,269
New users pcu 269
V/C 1.25 0.88
Time h/veh 0.15 0.121
Total time h 759 638
Benefits

Existing users NIS 2,462

New users NIS 66
Total benefits NIS 2,529
Bias Under Fixed Demand
Total NIS 84
Percent % 3%

0%

0.25 0.50

0.75

1.00 1.25 1.50
v/iC

E=(-0.25)

—— E=(-0.5)

== E=(-0.75) |

FIGURE 5 Fixed demand bias under different congestion scenarios (%) for three levels of demand elasticity.
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SUMMARY AND FUTURE RESEARCH

There is a continuous need to improve project appraisal method-
ologies and valuesto fit today’ s transportation planning needs. The
new 2006 Israeli guide is aresult of substantial research and com-
prehensive review of worldwide developments, positioning project
appraisal technique in line with best practice and state-of-the art
transport economics.

This paper focuses on the main methodol ogies and changesintro-
duced in the new guide. The main improvementsinclude expanding
categories of value of time and modifying them; anew safety pro-
cedure accounting for the fact that accidents’ cost isaresult of the
probability of an accident and its severity, both of which are func-
tions of traffic volume and speed; new environmental analysis; and
equity analysis.

Special attention was devoted to analyzing the potential bias of
benefits estimates under afixed demand assumption, commonly used
by most travel demand models. It was shown that benefitsare usually
overestimated by the use of thefixed demand assumption. These over-
estimates are negligible under normal flow conditions, but the bias
is high under congestion conditions and elastic demand.

Israel iscurrently allocating significant budget to megatransporta-
tion projects such as the Jerusalem and Tel-Aviv light rail projects,
bus rapid transit in Haifa, major extensions of the rail network, and
expansion of theintercity highways system. The new appraisal frame-
work isbetter capable of dealing with such complex projectsaswell
as sustainable complementary policies. The new guide, thus, assists
decision making and contributes to economic growth and social
welfare.

Future research should focus on the impact of transport projects on
economic growth and regional devel opment; benefits from improving
travel timereliability, including the effects of private financing of
public infrastructure; more comprehensive risk analysis; system
analysisof urban safety impacts; andincorporation of the new activity-
based modelsinto the eval uation procedure. Further research, which
the authors are currently conducting, should also compare invest-
ments and decision making according to the old guide and the new
guide and the new guide’ s contribution to sustainabl e transportation
development.
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