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Abstract

Risk Assessment is the identification of possible risks entailed in a project, assessment of their likelihood and impact, and creation of methods to avoid or reduce them. Traditionally, the economic viability of a project is decided on the basis of the methods of IRR, Benefit-Cost Value and NPV, which take into consideration the discounted costs and benefits involved in the project. However, different uncertainties and risks, which may get involved in spite of proper forecast at various phases of planning, should also be considered for the realistic estimation. For a transportation infrastructure project, proper planning involves not only the estimation of the construction, maintenance, operation, traffic and revenue risks but also the inference of the influence of each. It also facilitates the planner to identify ways in which the project can be made more robust, and to ensure that the risks that remain are well managed.  

The present study aims at analyzing the feasibility of a new sea link proposed as an alternative to the existing highly congested route in city of Mumbai (India). The various financial resources available are located and analyzed for cash outflows for construction and operation as well as the different sources of cash inflows. The construction period, fund allocation across the different phases of construction, benefits estimated from vehicle operating cost and value of time are tested for optimum levels.  The sensitivity of different factors involved and the corresponding optimal results are estimated. In addition, risk analysis was performed to test the effect on the economic feasibility of the project with probabilistic changes in the assumptions related to traffic growth, construction and maintenance costs, and generated traffic. The analysis has shown that the results of risk analysis can greatly reform the process of project design, so that mitigation measures can be put in place before projects are implemented.
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INTRODUCTION 
The implementation of large-scale transportation system improvements results in a complex web of costs and benefits that impact many distinct user groups differently. Such projects have historically experienced significant cost overruns from their planning estimates. A recent study of 258 infrastructure projects spanning a time period of more than 70 years found that project costs are underestimated in approximately 90% of the projects, and the actual costs averaged 28% higher than estimated on this sample (Flyvbjerg et al. 2002). Transportation planners find it difficult to accurately assess the social and economic effects of transportation investments on communities. This difficulty arises from lack of adequate methods, tools, and techniques for assessing scale, context, and complexity of the projects. The result is that planners and decision makers have limited information and understanding of the full range of impacts that may be attributed to a transportation project’s development. 
Political and research interest on transportation project impacts fall under two heads: to assist decision-making to maximize benefits of public investments and to ensure that projects are aptly designed with proper appreciation of both the positive and negative economic impacts. Government agencies accountable for such projects often use cost-benefit analysis to select among alternative investments.  But often this analysis does not account for the differential incidence of costs and benefits. Ultimately projects that are feasible in terms of cost-benefit analysis may fail to be implemented because of political opposition by one or more of the impacted groups. Nevertheless the Cost – Benefit Analysis is a widely accepted tool worldwide to assess the economic viability of transportation projects. 
Cost – Benefit analysis (CBA) is a consistent and logical structure for decision making that provides concepts for measuring and valuing impacts. Its indices expressed as a net present value of benefits and/or a benefit-cost ratio, can help answer questions regarding the timing of project implementation, and assess the project’s potential environmental impact and contribution to poverty reduction.  Though CBA has the advantage of it being logical, dependable and simple it has a major drawback of not considering the uncertainty and risk factors involved in the project. Concluding that the project is economically viable from the indices of CBA without considering the uncertainties associated with the forecasting variables would lead to a failure of the project when implemented. The present paper studies the economic viability of a transportation infrastructure project, a sea link in Mumbai city in India, proposed to be introduced in order to minimize the traffic congestion along the busy corridors from suburban area to the CBD of Mumbai. The associated risk factors are also studied so as to include the uncertainty involved in the planning variables associated with the analysis.

BACKGROUND 
The tools of economic analysis can help planners to predict the project's impact on society, on the fiscal impact, and on various stakeholders, and about the project's risks and sustainability. Cost estimates should transparently convey the true nature of uncertainty involved with the project at each stage of the process. At any stage in the development of a highway, cost estimates will be composed of three types of information, which can be termed as the “Known/Knowns” (known and quantifiable costs), the “Known/Unknowns” (known but not quantified costs), and the “Unknown/Unknowns” (as yet unrecognized costs). These three types of information must be combined in a comprehensive and complete cost estimate approach (Molenaar, 2005)  
The first step in the economic analysis of a project is to define clearly the objectives the project is supposed to achieve (Transportation Research Board (TRB) Circular, 1997). A proper description of the objective is essential to decide the number and nature of alternatives considered, and to select the tools of analysis and the performance indicators. The most fundamental question under consideration at the beginning of the analysis is the difference between the situations with and without the project and forms the basis for assessing the incremental costs and benefits of the project. The next concern would be the establishment and examination of alternatives. Alternatives can differ in technical considerations, financial arrangements, policies, beneficiaries and even in differences in the scale or timing of the project. Comparison of alternatives helps planners choose the best way to accomplish their objectives. After taking into account all the costs and benefits of the project, the planner/analyst decides whether the project is worth undertaking. For projects whose benefits are measurable in monetary terms, the appropriate yardstick for judging whether the project is acceptable is the project’s net present value.
Economic analysis of projects should also see the uncertain future events and implicit or explicit probability judgments. The indices in the costs and benefit streams are often represented by a range of values with different likelihoods of occurrence. The analysis should identify the critical variables that determine the outcome of the project, that is, the values that increase or decrease the likelihood of the project’s expected positive net development impact. These critical variables should emerge from the economic and risk analysis of the project. The analysis should also identify and reflect the likelihood that these variables may deviate significantly from their expected values, as well as the major factors affecting these deviations. The analysis should assess how likely such deviations are, singly and in combination, and identify the factors that are likely to create the greatest risks for the project. Finally, it should be explicit about actions taken to reduce these risks. 

Sensitivity analysis assesses risks by identifying the variables that decide  project’s net benefits and quantifying the extent of their influence. It consists of testing the effects of variations in selected cost and benefit variables on the project’s IRR or NPV. This analysis may help identify weak design options and may also help convey some idea of project risk. Sensitivity analysis is often conducted on features of an infrastructure project like Aggregate costs and benefits, Critical cost and benefit items and the effect of delays which studies the effects of variations in total project costs and total project benefits, the effect at a disaggregate level of cost like productivity coefficients and prices of major inputs and benefits like tariff levels, unit cost savings, expected rate of growth in demand etc and relevant delay factors. Still, sensitivity analysis has three major limitations: it does not take into account the probabilities of occurrence of the events; it does not take into account the correlations among the variables; and finally, the practice of varying the values of sensitive variables by standard percentages does not necessarily bear any relation to the observed (or likely) variability of the underlying variables. 

Apart from Sensitivity analysis, normal practice on large-scale infrastructure projects is to perform a risk analysis, which is basically a probability, based prediction of the different uncertainties involved in the project. While risk can be defined as the combination of the probability of an adverse event and its consequence, risk events affecting a project can be said as potential adverse events that negatively affect the defined project resulting in impacts to cost, schedule, safety, performance, or other characteristic but do not include the minor variance inherent in Base Costs. Examples include political, policy and/or management changes, changes in regulations and laws, earthquakes, fires, floods, and unknown archeological sites (Molenaar, 2005). Uncertainties are often difficult to identify and even harder to quantify. The identification and quantification of uncertainties requires a balance of project knowledge, risk analysis proficiency, cost estimating expertise, and objectivity.  This would help in identifying the uncertainties and to elicit probabilities and model uncertainties. A multidisciplinary team, consisting of a risk analyst, who must be an expert in risk elicitation and modeling, and project team members who are familiar with the technical and political issues on the project, identifies these risks and opportunities through a series of structured brainstorming and risk elicitation sessions. Once the risks are identified, the impact of these uncertainties must be quantified. Quantification involves an assessment of the likelihood and magnitude of occurrence.

LITERATURE REVIEW 
 The first scientific attempt to evaluate transport projects was made in France in the mid-19th century. There is a growing rate in literature coupled with transportation infrastructure projects and a country’s economic growth early.  They indicate that the relationship between public expenditure and growth is more complex, and that it is necessary to differentiate between the various components of government expenditure. Productive public expenditure in the areas of infrastructure such as roads and transportation and human capital can play an important role in promoting economic growth and encouraging private investment.

Chandra and Thompson (2000) studied whether large infrastructure spending like a rural highway by interstate highway construction, has an impact on economic growth. The study was based on highways in non-metropolitan counties and regions but all over the continental United States. The studies showed that new interstate highways raise earnings in countries that benefit directly from the new construction, relative to counties that did not receive such infrastructure. But the study also concluded that highways affect the spatial allocation of economic activity within regions; highways raise the level of economic activity in the counties that they pass directly through, but draw activity away from adjacent counties, thereby leaving the net level of economic activity unchanged in non-metropolitan areas. 
Fedderke et al (2006) looked at the relationship between investment in economic infrastructure and long-run economic growth by examining the experience of South Africa in a time-series context. The main findings that emerged from the examination of economic growth and economic infrastructure in South Africa may be summarized as follows: investment in infrastructure did appear to lead economic growth in South Africa both directly and indirectly, there was weak evidence of feedback from output to infrastructure though the evidence need not be robust. The paper begins by providing a generic explanation of the role of infrastructural investment in growth processes and a review of the existing evidence. This is followed by an examination of economic infrastructural investment in South Africa since 1875 and its analysis through a set of economic models. Pichayapan et al (2004) applied the Real Option Approach concept in evaluating the Yoichi-Otaru expressway project in Japan. Uncertainties in traffic demand and construction cost and also deferral of toll collection was studied and the corresponding impacts of these on the viability of the project were examined. Misui (2004) considered the optimum fiscal pool scale of cost allocation in road investments in Japan. The study examined the beneficiaries-pay-principle as well as applied Ramsey rule to fuel tax for every pool and compared the utilities for 4 alternative cases. 

Adler et al (2004) conducted a comparative study of the three means of transportation Rail, Air and Water and the allied infrastructure works relative to that of the road. According to the researchers, the three modes are at different stages of implementation of marginal cost pricing of infrastructure, the railways being the most advanced. They have also dealt the issues like short-run marginal cost pricing with respect to investments in the future, privatization versus regulation as ways of achieving marginal cost pricing and the relationship between pricing on the different modes.  

Benefit-cost analysis is a decision framework for government agencies to use in considering the desirability of taking alternative actions, whether investment, operations, or regulation. The survey conducted by Lee Jr (2000) described the use of BCA by US transportation agencies, comparing theory, published guidance, and actual practice. He gives a clear account of the procedure of BCA along with the ideal factors of cost and benefits to be examined in the case of an infrastructure project. Shadewald et al (2001) introduced a process that brings together existing technologies to produce future needs estimates, perform the economic evaluation of the proposed solution, and display the costs and benefits. This process was performed in a geographic information system environment, the ArcView-Tranplan interface that enabled the efficient storage and visualization of data, thereby increasing the efficiency of the economic evaluation as well as providing a venue to display results. Economic evaluation of the Kimberly Road, Davenport, Iowa was considered for demonstration the efficiency of the visual representation of the benefit cost analysis of a project using commonly available software packages.

Molenaar(2005)  states that rather than providing a point estimate, which is unrealistic and quite easily manipulated at the conceptual stage of project planning, the range estimating output better represents the uncertain nature of project costs prior to design engineering. The sensitivity analysis from the process conveys the extent of technical and non technical risks in the project budget to all stakeholders. The process for programmatic cost-risk analysis of highway mega projects based on the Monte Carlo method presented in the paper provided a methodology for stochastic estimation of highway project costs, which provides for a more transparent assessment of uncertainty. The models described in the paper were first order models wherein the uncertainty is represented using the mean of each uncertain variable, and risk events were modeled as independent occurrences. Lam and Tam (1998) has also developed a simulation model for risk analysis based on Monte Carlo technique considering the uncertainties in traffic and revenue forecast for infrastructure projects.

The evaluation of transport projects has a long history as described thus far, but there is a lack of a well accepted universal method. There are many differences between countries regarding the scope and method of evaluation as well as the impacts of evaluation on actual decision-making. Consequently, one feasible way of finding a better practice at present is to learn from the past experiences of each country and to compare them. The best practices can be identified from these and can be adopted for the case under consideration. 

CASE STUDY: THE WESTERN FREEWAY SEA LINK
Mumbai city has experienced tremendous growth of population in recent years increasing from 6.2 million in 1981 to about 10 million in 1991. The population is estimated as 14 million by 2011. Rapid growth in population and employment opportunities has led to the increase in travel demand of the city, resulting in higher growth rate of traffic leading to congestion and reduction in speed of vehicular traffic, thereby putting tremendous pressure on the existing travel corridors in the city. The problems have further been inflated by the special geographical features of the narrow width of island city and the ground limitations due to development on both sides of the main arteries running south north direction. This constraint has forced the population to move further northwards to the suburbs and resulted in immense transportation problems across the north-south road configuration of the metropolis.
OUTLINE OF THE PROPOSED PROJECT 
The Western Freeway Sea Link (WFSL) is proposed as a north – south corridor connecting the Worli end of Bandra – Worli Sea Link (BWSL) to Nariman Point at NCPA, with a traffic dispersal arm connecting Cuffe Parade. The alignment runs over viaducts and major bridges keeping the distance of 150 – 200 m from shoreline to the outer carriageway. Grade separators (4 no.) in the form of interchanges with connecting links are proposed for dispersal of traffic over the existing road network. These comprise interchanges at start point at south of Drainage Channel (terminal point of BWSL), Haji Ali, Bhulabhai Desai Marg and Nariman Point. The grade separators are proposed over viaducts with ramps joining the existing road network and are provided with 2 lanes of carriageway for each direction of traffic. The salient features of the Proposed Western Freeway Sea Link are shown in Table 1. Figure 1 represents the layout of the proposed sea link.
ECONOMIC EVALUATION
The basic approach to the economic viability analysis relates to estimating EIRR of the project. For this, the economic appraisal of WFSL project has been carried out within the broad framework of cost benefit analysis technique. The analysis has been carried out under the “without” and “with” project proposal. The proposed WFSL will cater to traffic that would divert from the existing Western Corridor, thus relieving the existing arteries of existing congestion, thereby resulting in improved travel speeds. However this diversion will lead to rearrangement of travel pattern all throughout the island city along the Western, Central and Eastern Corridors. The estimation of benefits can thus be limited only to the comparison of travel cost between the WFSL and the Western Corridor under the “without & with project situations”. For the present study the benefits have been estimated by comparing the travel costs on all the links within the network at south of Mahim causeway, travel pattern on which would get significantly affected due to the construction of WFSL.

Evaluation of Capital Cost
The cost of the proposed WFSL considered for economic analysis is the cost including construction cost (with contingencies) and design and project management fees. The breakup of cost estimates are presented in Table 2. It may however be mentioned that economic costs have been arrived by applying the conversion factor of 0.85 to the financial costs relating to Base Construction Cost and contingencies only. Cost for consultancy fees for design and project management are added without applying the conversion factor as there are no transfer payments involved in these items. The economic cost thus works out to be 18205 million for the year 2006 by projecting the calculated cost for the year 1999. 




Phasing of Capital Expenditure

It is projected that the actual construction activities would be spread for a period of four years. The phasing of capital costs is assumed in the proportion of 15%, 25%, and 30% in the first, second, third year respectively and balance 30% in the last year.

Evaluation of Economic Cost

Cost of the project including the capital outlays for the link, approaches and interchanges, consultancy fees for design and project management and annual recurring costs of the maintenance has been computed on market or financial prices. The cost of project does not involve any cost towards land acquisition. These costs excluding consultancy fees for design and project management have been converted into economic costs, i.e., net of taxes, duties, royalties or any other elements in the nature of transfer payments. The conversion factor of 0.85 has been used for this purpose. Shadow prices have not been applied to exchange rates for different currencies, as at present there is no significant premium on foreign exchange. 

Further, for economic analysis, all prices have been updated from 1999 to 2006 price levels through out the evaluation period and no general price level adjustments are considered since a rise in general prices does not generate extra real benefits of real costs. The annual stream of costs has been divided into capital and maintenance costs for the analysis period.

Operation & Maintenance (O & M) Cost 

Maintenance cost comprise of routine and periodic maintenance cost. Routine maintenance mainly relate to maintenance of pavements and toll facilities, whereas, periodic maintenance relate to maintenance overlays and design overlays on pavements and repair/renovation of drains, roads and buildings

The cost of routine maintenance for the structural components relating to the WFSL is taken to be 0.20% of base construction (including contingencies) cost per annum. The periodic maintenance costs to be incurred every five years are taken as 1% of the base construction cost (including contingencies). Both, routine and periodic maintenance costs are converted into economic costs by applying a factor of 0.85. In addition, Rs. 20 million per annum has been added towards the cost of operation of the toll plazas.  The economic costs for routine and periodic maintenance thus work out to Rs. 54 million per annum and Rs. 166 million every five year for the year 2006. 



In the present analysis, user benefits have been determined based on savings in Vehicle Operating Costs (VOC) and Value of Time (VOT) as a result of construction of proposed WFSL. Estimation of such travel costs has been done based on the outputs derived form the Travel Demand Forecasting Model which has been used for traffic projections. The output related to individual link lengths and characteristics, estimated traffic volumes and travel speeds for the base and horizon years have been used for further benefit estimation 

Vehicle Operating Costs (VOC)


Estimates of VOC has been carried out using the modified equations of Updated Road 
Users Cost Study, MOST, 1992 for the Urban conditions. The VOC’s for different traffic 
speeds were estimated from the equation developed for Highway and Expressway. 
Network links from the existing road networks have been considered to operate traffic 
under highway characteristics and that for WFSL and BWSL have been considered to 
operate under expressway characteristics. The Vehicle Operating Cost comprises of 
costs due to fuel, depreciation and interest, labours, maintenance, tyres, oil and 
lubricants, and taxes and insurance. The mode-wise unit VOC’s for different travel 
speeds for expressway has been presented in Table 3. The unit VOC’s for expressways have been applied for WFSL. The following equations are used to calculate the VOC and calculations are shown in Table 4 and Table 5.
· Benefits due to diverted traffic      =   D * voci * TiD 

…(1)

· Benefits due to generated traffic   =    ½ * D * voci * TiG    
…(2)



Where



voci
=
vehicle operation cost of vehicle type ‘i’



D 
=
distance of WFSL 



TiD
= 
traffic diverted for vehicle type ‘i’ 



TiG
= 
traffic generated for vehicle type ‘i’ 

Value of Travel Time (VOT)


Population in city of Mumbai unlike the other metropolitan cities in India has witnessed considerable rise in income levels. Moreover, car owners and taxi users traveling from/ beyond Bandra and the CBD represent the most affluent class of income and service population who would actually form the potential users of the WFSL toll project. Traffic surveys conducted in the past show that out of the total car trips in the island, about 33% car users are currently traveling in company owned vehicles. The value of time for these, as associated by their employers, is significantly higher. In addition, trips made by hired cars are also significantly higher (to & fro movement between airport and CBD) with almost the same VOT, perhaps, even more than company owned vehicles. 

The rising levels of income and cost associated with unit time savings can also be 
studied from the hovercraft services operated till recently from Vashi and Gate Way of India. To save a travel time of 30 min. and the discomfort levels involved in travel by road, the commuters are willing to pay about Rs. 125 (one way fare) to travel between Vashi and Gateway of India. This indicates about Rs. 2/ min (Rs. 120/ hr.) of saving in travel time. Thus, for the present study, the consultants have adopted Rs.100 /hr. /passenger (Rs. 1.67 /min.) as the value of time for car and taxi users (CES, 1999). The value of time for bus is taken as Rs. 13.25/ hr/ passenger (Rs. 0.2208 /min). The estimated unit value of time by modes considering occupancy of 2 per car/ taxi and 37 for buses has been 
presented in Table 6.
The mode-wise speed and the link lengths obtained from the model were used to obtain the travel time along each lane. The following equations are used to calculate the VOT:

· Average time to traverse link
 tij =  dj/ Vij + delay (hrs.)    … (3) 

· Value of time


VOTi  = voti * oi * tij 
       …  (4)


Where



VOTi    = value of time for vehicle type ‘i’


voti      = average value of time for passengers in vehicle type ‘i’


oi
       = average occupancy of vehicle ‘i’


tij
= travel time by vehicle type ‘i’ on link j 


dj
        = length of link  type ‘j’ in km


Vij   = average running speed for vehicle ‘i’ for a given AHT on  link    type ‘j’

Estimation of Benefits


Estimation of total system costs has been done by adding the VOC and VOT incurred over each of the link of the network within the island city at south of Mahim Causeway. The difference of such annual total system cost between the “without and with” scenarios is the measure of the benefits accruing to the users of the system. The benefits have been estimated for the base as well as the horizon years. Benefits for the intermediate years can be obtained by interpolation between successive periods.

Sensitivity Analysis
Sensitivity Analysis has been carried out to establish the impact of change in performance of main variables on the index of economic viability (EIRR). In order to appreciate the effect of variation of elements having direct bearing on the economic evaluation, a sensitivity analysis with the variables has been carried out. The effect on the following variation are tested and shown in Table 7.
· Increased in base cost by 10%

· Decrease the traffic by 10%

· Decrease in traffic by 10% and increase the base cost by 10%

RISK ANALYSIS
Data or information related to any problem need not be complete and perfectly correct or reliable. In such a case the decisions can be said to be made under either of the cases listed below (Taha, 1997):
1. Decisions under risk

2. Decisions under uncertainty

While in the first case, the degree of ignorance about the data is expressed in terms of probability density function; in the second case it is impossible to build a probability density function. Rather while certainty and uncertainty are two extreme cases, risk is an in between issue. If cj is the profit, in the first case it cannot be a fixed value as against the normal case but will be a probability density function, f(cj). Under the uncertain condition, probability density function, f(cj), is either unknown or cannot be determined. The decision maker can associate the value of cj with a number of values but won’t be able to conclude at any of these as he cannot correlate these with cj.  Profit maximization also faces the difficulty in this situation as one cannot maximize an objective function which involves a probability term and one which contains a completely non specific value. Similar is the case with a transportation project which is likely to come across numerous unforeseen difficulties. Poor appreciation of factors related to road conditions such as road class, designated speed limits, traffic density, as well as of the population characteristics, is likely to result in a risky or even uncertain condition. In the present study, the project under consideration is analyzed on the basis of situations of risks it is likely to encounter. 

Decisions under risk can based on (1) expected value criteria (2) combined expected value and variance (3) Known aspiration level criteria or (4)most likely occurrence of a future state. 

 Expected value criteria 

In case of the expected value criteria, the decision maker makes a decision either on the basis of the utility or worth of the money associated with the project. Here the decision is taken under the risk of a profit being favourable at a certain probability.  The investor is under a risk of the probability being a positive one while investing on the project. The situation can be analyzed by conducting a number of trials with different values of the probability factor. That is, expectation implies that the same decision should be repeated a sufficiently large number of times before realizing the net value computed from the expectation formula. 

In case of WFSL, though the most optimist completion time according to the prevailing construction practices was taken as 4 years, there is an amount of risk assosiated with this assumption. For checking the probability of the project being completed in 4, we executed numerous trials based on the expected value criteria. From the many number of trials in which we varied the expected loss after say 6 years, we could conclude that there is less risk in taking the completion time as 4 years. The necessary condition that the loss should be minimized or 



EC(T* -1) >  EC(T*) and EC(T* +1) >  EC(T*), where 

EC(T) = n(c1∑pt + c2 )/T

EC(T) is the expected cost, n the number of years , pt , the probability and c1 ,c2 are the costs.
In our example, the resultant value T* was 4 years in majority of the trials done and was thus taken as the completion period with least risk. Table 8 shows trials for finding ideal value of no. of years of completion.
The exercise can be applied to variables which are uncertain like the periodic maintenance, growth factor of traffic demand etc. The experiment on periodic maintenance was also tested under the same criteria and we could conclude that the ideal period of maintenance is 4 years if the cost of repair is considered as Rs 20,000/km and the periodic maintenance as Rs 35 million/ km/ annum. 

Combined expected value and variance

When decision to be taken is applicable to short runs, the expected criteria can be modified with the introduction of a variance factor which is based on the concept of introducing a factor which maximizes the expected profit at same time minimizes the variance of profit, say for a profit problem:

Minimize EC(T) + K var(CT ) where 

K is the risk aversion factor which determines the importance of the variance of profit relative to its expectation.

and var (CT ) =n(c1/T)2 {∑pt -∑pt2)

In our example, we could conclude for periodic maintenance of the sea link, it is better to have it done annually rather than an interval of 2 or 3 years. Table 9 shows trials for finding ideal value of periodic maintenance.

Known aspiration level and most likely future criteria

Aspiration level criteria provide a means of determining acceptable courses of action, but not an optimal decision in the case of maximizing the profit or minimizing the cost. In which the decision maker sets an aspiration level, say like the maximum time that can be spend for service facility, maximum or minimum cost that can be fixed for a property or used car , the maximum construction time a project can take etc. There is no direct involvement of probability function here but the data which is collected on which the decision is made can be modeled into a function and can be developed to form a probability density function. The WFSL data was not sufficient to be modeled to form a probability density function and so the aspiration level criterion was not attempted from this angle. But as per the literature, the number of years of completion can be given an aspiration value when the different alternatives are being analyzed. The most likely future criterion is based on conversion of the probabilistic situation to a deterministic one. This is most simplified version of risk analysis in which case the most probable future value either from experience of similar situation or from a very optimistic analysis of the situation. In cases where the random variable under decision consideration assumes a large number of values each having a small probability of occurrence or several values of the variable takes the same probability. Due to these pitfalls of the method this method was also omitted for the analysis of the project under consideration.

CONCLUSION
In this paper an overview has been given of the different approaches found in the literature on different methods of evaluating an infrastructure project. From the exercise it was concluded that the scale and level of detail required for an economic analysis typically varies according to a number of factors, including the size and estimated capital cost of the project, makeup of surrounding land use, and existing network infrastructure. Economic analysis of projects is necessarily based on uncertain future events and involves implicit or explicit probability judgments. An evaluation method will be established so that every project will be strictly assessed and projects with large effects will be properly appraised, while projects with poor effects rejected, and that decision-making will duly reject such analysis.

The study was applied on a large scale infra structure project in Mumbai, India. The study can be extended with the help of the wide range of computer-based transportation and economic modeling tools, requiring varying degrees of sophistication, available for evaluating the economic impacts of transportation investments. In addition, continuing research is providing new insights and methods for estimating the various elements of efficiency and business productivity benefits associated with transportation investments. Benefit-cost analysis, as described, is probably most appropriate for use as a screening mechanism for determining whether projects pass a basic test of economic justification from a public investment standpoint. Such economic justification, however, does not ensure that the project will have public or private support or that the project is affordable or can be financed. This is why many benefit-cost analyses often fall far short of making a business case to the users of the system.

The evaluation procedure still has some pitfalls in the fact it does not take into account the uncertainty involved in the decision variables of the analysis.  The amount of computational effort involved in determining the uncertainty factors will leave a situation in which the planner finds it difficult to apply it in all the aspects of risks. The study also analyzed from basic principles the effect of risk as a probability factor on the different parameters of risk. The analysis will be continued further by comparing the results with the available sophisticated techniques in the field of risk analysis.
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Figure 1 General layout of the alignment of the Sea link
Table 1.The salient features of the Proposed Western Freeway Sea Link:

	Sr. No.
	Link
	Length

	1
	Worli end of BWSL on KAGK Road to Haji Ali Bay.
	2.850 km

	2
	Haji Ali Bay to Haji Ali interchange
	0.810 km

	3
	Haji Ali Interchange to Bhulabhai Desai Road Interchange.
	2.300 km

	4
	Bhulabhai Desai Road Interchange to Malabar Hill Point.
	4.050 km

	5
	Malabar Hill Point to NCPA / Nariman Point
	3.340 km

	6
	Nariman Point Connector to Cuffe Parade
	1.420 km

	
	Total
	14.77 km


Source : (CES,1999)
Table 2.   Cost Estimate in Financial Terms
	Item
	Cost (Rs. million)

(2006)

	Base Construction Cost
	18205.56

	Contingencies @ 7.5 %
	1365.417

	Engineering Cost @ 7% 
	1274.389

	Other charges + Overheads @ 5.5%
	1001.306

	Total
	21846.67


Note:



1) 7% of Engineering Cost comprises (2% Design and 5% Project 

                               Management including surveys and investigations). 


2) 5.5% of other charges comprises (Financial fees 2%, Insurance bond 2%, 

                                   Title Policy 1% & Legal fees 0.5 %.)
Table 3. Unit VOC in Rs./ km on Expressway
	Speed
	5.0
	10.0
	15.0
	20.0
	25.0
	30.0
	35.0
	40.0
	45.0
	50.0
	55.0
	60.0

	Car
	7.6
	4.7
	3.4
	2.8
	2.4
	2.0
	1.6
	1.4
	1.3
	1.3
	1.2
	1.2

	Bus
	19.6
	12.5
	9.5
	7.9
	6.9
	6.2
	5.7
	5.4
	5.1
	4.9
	4.8
	4.7

	Truck
	18.4
	12.5
	10.0
	8.4
	7.3
	6.6
	6.1
	5.7
	5.4
	5.2
	5.1
	5.0

	LCV
	12.0
	9.2
	7.8
	6.9
	6.2
	5.8
	5.4
	5.1
	4.8
	4.7
	5.5
	4.5

	MAV
	22.1
	16.5
	13.9
	12.1
	10.9
	10.1
	9.6
	9.3
	9.1
	9.0
	9.0
	9.0


Source: (CES,1999)

Table 4. Vehicle Operating Cost for different vehicles. VOC (Rs./vehicle/ km.)

	Vehicle Type
	Existing
	Proposed

(WFSL)

	
	
	

	Car
	5.00
	1.50

	Taxi
	9.00
	2.70

	HCV
	9.00
	3.00

	Truck
	13.00
	4.80

	Bus
	15.05
	4.50

	2-W
	1.08
	0.62


Table 5. Value of Savings in Time

	Vehicle Type
	ADT, 2010
	Existing
	ADT, 2010
	ADT, 2010
	WFSL
	Net Benefits (Rs./day/km)

	
	Existing
	
	WFSL (D)
	WFSL (G)
	
	

	Car
	145316.04
	5.00
	132105.49
	3302.64
	1.50
	193877.04

	Taxi
	76621.19
	9.00
	69655.62
	1741.39
	2.70
	184006.94

	HCV
	3698.95
	9.00
	3362.69
	84.07
	3.00
	8500.12

	Truck
	1010.22
	13.00
	918.38
	22.96
	4.80
	3190.52

	Bus
	2564.40
	15.05
	2331.27
	58.28
	4.50
	10311.57

	2-W
	66052.75
	1.08
	60047.95
	1501.20
	0.62
	12287.59

	 
	VOC/annum (M)
	2222.05


Table 6. Value of Travel Time
	Vehicle Type
	Average Passenger Occupancy
	Value of Time/ capita (Rs./hr.)
	VOT

(Rs./hr./vehicle)

	Car
	2.0
	100.0
	200.00

	Taxi
	2.0
	100.0
	200.00

	Bus
	37.0
	13.25
	490.00

	Truck
	2.0
	3.25
	6.5

	HCV
	2.0
	1.9
	3.8

	2-W
	1.5
	15.0
	22


Source: (CES,1999)
Table 7. Results of Sensitivity Analysis

	Description of Scenario
	IRR
	NPV
	B/C Ratio

	
	WT
	WoT
	WT
	WoT
	WT
	WoT

	Base Case
	23.15%
	13.56%
	16587
	4563
	2.36
	1.78

	Sensitivity Analysis   

	10% increase in cost
	20.35%
	12.50%
	15541
	3056
	1.95
	1.68

	10% decrease in benefit
	20.12%
	12.18%
	14599
	2009
	1.92
	1.56

	Combined
	19.35%
	10.36%
	13698
	1036
	1.85
	1.31


  Note: –  WT (with time savings), WoT (without time savings)

Table 8.Trials for finding ideal value of no. of years of completion

	T
	pT
	∑pt
	EC(T)1
	EC(T)2
	EC(T)3

	1
	0.05
	0
	50000.00
	45000.00
	40000

	2
	0.07
	0.05
	29551.25
	27051.25
	24551.25

	3
	0.1
	0.12
	23948.67
	22282.00
	20615.33

	4
	0.13
	0.22
	22512.75
	21262.75
	20012.75

	5
	0.18
	0.35
	22743.50
	21743.50
	20743.5

	6
	0.202
	1
	38675.00
	37841.67
	37008.33


Table 9.Trials for finding ideal value of periodic maintenance

	T

(No. Of Years )
	pT

(Probablity )
	∑pt

(Cumulative

Probablity )
	EC(T) + var(CT )



	1
	0.05
	0
	1250.00

	2
	0.07
	0.05
	60125.00

	3
	0.1
	0.12
	63172.22

	4
	0.13
	0.22
	63900.00

	5
	0.18
	0.35
	63740.00

	6
	0.202
	1
	130666.67
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Figure 1 General layout of the alignment of the Sea link
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