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Abstract
Accessibility to transit is a primary component of livable communities.  In this paper, we provide a method to rank the accessibility value of transit using option pricing theory.   The approach has important uses in analyzing the costs and benefits of transit projects.  We can either monetize the option value or use it to rank order projects.  This can be a tool to prioritize federal investment dollars for existing transit and a tool to prioritize funding for new systems. The concept provides a creative method to compare which transit system gives you more of an “accessibility bang for the buck”.  The paper also presents an illustrative example based on an actual commuting comparison from the Washington, DC metropolitan area.  
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Introduction
Financial equity options allow investors to either buy a stock (call) at a pre-determined price (strike price) or sell (put) at a pre-determined price.  This is essentially a form of insurance. There are well established markets for trading these options and an accepted theoretical basis behind pricing them.  However, other activities also have real options value.  Anything that gives consumers or investors an option has value.  Sometimes the price fully embeds this value.  In these cases, the price is equal to the discounted cash flow from known and expected future net revenues plus the option value of less likely events.  For example, current farmland values capture the option of future land development in addition to the profits expected from farming the land (Plantinga et al, 2002).  As the expectation from the added event increases we’d expect the option value and the total price to increase.  

In transportation, the option value is the risk premium that individuals with uncertain demand are willing to pay over and above the expected benefit from the continued availability of the transportation (Geurs et al, 2006).  However, practitioners do not generally explicitly incorporate this value in evaluating benefits of a service.  An explanation of the high level of subsidization for public transit is that the value not only includes actual use but also the opportunities for unexpected future use (Roson, 2000).  For example, even if you don’t regularly use public transit it may still have a positive value because of unexpected situations in which you can’t drive (e.g. weather or the loss of the ability to drive your car). The use of an option value is a well known concept in environmental economics in valuing natural asset such as national parks (Walsh et al, 1984) but there have been few attempts to apply the concept in transportation. 

Valuing the option value of transit would be useful in improving cost-benefit analysis of fixed guide-way transit projects.  Currently, these analyses usually focus on benefits to consumers associated with actual or projected use.  Travel time savings are the dominant benefit category in these analyses.  Consumers who do not ordinarily use transit would have an option value for it since it is available if they need to use it.  Conventional cost-benefit analyses do not capture these values as a benefit category.  Additionally, many transit riders actually spend more time taking transit than driving.  There is not any travel time savings and yet they choose transit.  In these cases, conventional cost-benefit analysis would not document any benefits.  However, this is counter-intuitive since through revealed preference transit riders show that they are unambiguously better off taking transit.  Arguably, the benefit of transit for these riders is increased utility from not having to drive (e.g. reading a magazine or taking a nap) and the increased reliability of transit over driving in certain markets.  As the uncertainty of commuting time by private car increases, we’d expect the option value of transit to increase given a set transit time.  

 This paper provides a theoretical framework for capturing the accessibility option value of transit.  We do so by explicitly factoring in driving volatility into the comparison between transit and driving.  We do so using equity option pricing theory.  Just as an out-of-the-money option (i.e. no intrinsic value) can have value due the underlying volatility of the equity (i.e. time value) transit can have a positive value even when the average travel time is greater than with driving.  The Background section describes the concept of option prices in more detail and discusses research looking at it in transportation.  The section also describes recent cost-effectiveness practices in the United States in valuing transit project benefits.  The Methods section of the paper describes the option pricing theory and how we can use it in transit.  The Results section then describes the results from an actual transit route using the Metro system in the Washington, DC area.  The final section concludes the paper and provides ideas for further research into the area.

Background
Economics generally uses consumer surplus as a measure of value for a good or service.  Essentially, consumer surplus is the difference between what a consumer would be willing to pay and what they actually pay.  Weisbrod (1964) originated the option value concept.  Weisbrod did so using a hypothetical case of a park where visitors who might anticipate visiting the park in the future would be willing to pay something for this option.  In situations where the demand for the good or service is uncertain, Weisbrod argues that consumer surplus will underestimate what consumers are willing to pay.  In this sense, option values are a correction of the consumer surplus estimates to account for these uncertain contingencies (Boardman et al, 2006).  In essence, these values account for a willingness to pay for reductions in risk (a risk premium).   This is a willingness to pay prior to the realization of contingencies.  Economists generally consider option prices (option value plus consumer surplus) the correct willingness to pay measure of a good or service in circumstances of uncertainty.

While the concept is straightforward, measurement often is not.  In markets with insurance, insurance premiums convey information about willingness to pay for reductions in risk.  Since consumers are risk averse, they are willing to pay more to eliminate the risk than the expected value of the risk.  However, there is no such insurance for conventional transportation.  In transportation, estimates of user benefits come from ex-post observed behavior or from simulated travel behavior.  This is an ex-post measure of welfare in the sense that any contingencies have already occurred and hence their avoidance has no observed value.  Option prices are ex ante measures and include the value of avoiding contingencies.  Consequently, most transportation projects undercount user benefits.   Being able to capture option values for contingencies would provide a better estimate of user benefits from transportation projects.  In particular, it would be valuable to capture the uncertainty surrounding trip time (reliability).  Frequently, this is the likeliest contingency.  Theoretically, it is also an important component of the societal value of having reliable commuting transit options to private vehicles.

However, there is not a well developed field for measuring option prices in transportation.  Contingent valuations surveys could provide an alternative approach for determining option prices through conversations with respondents.  However, they can be prone to problems (Boardman et al).  In particular, respondents have few incentives to correctly assign monetary values that match their real value and this often leads to positive bias in the willingness to pay values.  Surveys can also be time consuming and expensive.  Logit choice models are another option; albeit a revealed preference one.  These models try to value transportation services (consumer surplus) to travelers by measuring direct transportation value and a value of choice.  Although there is a connection between “value of having a choice” and the option value concept, it cannot fully capture the value due to the ex-post nature of revealed preference methods using observed travel behavior.  Additionally, it does not capture value to non-users.  As a whole, these methods are not suited to new or expanded transit where option values are most relevant.  

There are not any countries whose governments systematically try to measure option values in transportation.  The United Kingdom (UK) has arguably made the most progress.  In the UK, the Department for Transport recognizes option values as a specific benefit category in their transport appraisal guidelines (Department for Transport, 2004).  However, in the practical application of the guidelines the Department has not undertaken valuation studies but rather, has followed qualitative procedures to describe these values (Bates et al, 2004).  

In the United States, the Department of Transportation (DOT) does not have any guidance on the option value of transportation.  With respect to transit, The Federal Transit Administration (FTA) does not incorporate option values as a matter of practice.  In its regular review of public transportation projects applying for federal funding, FTA incorporates travel time savings as a benefit.  The FTA New Starts Program considers mobility improvements and cost effectiveness as two of the five defined benefits contributing to project justification ratings.  Mobility improvements are the aggregate travel time savings in a forecast year.  Cost effectiveness is the incremental cost (annualized capital and operating/management costs) of a proposed transit project divided by incremental hours saved by additional ridership, as compared with a baseline.  It is essentially a dollar cost per hour of travel time savings.

Cost effectiveness is arguably the more influential and controversial metric.  Of particular interest was a 2005 DOT decision.  That decision required projects to have a satisfactory cost effectiveness rating to be eligible for federal funding.  Consequently, projects would not be considered eligible for New Starts funding if the cost-effectiveness measure did not receive at least a “Medium”(out of a five-point “Low”, “Medium-Low, “Medium”, “Medium-High”, “High” scale).  This “cost-effectiveness rule” voided other project benefits and became a de facto policy statement on the Department’s view of how it valued transit service.   However, DOT recently reversed this decision.   In January 2010, DOT announced that it would no longer use the cost-effectiveness rule in New Starts evaluations.  Instead, the FTA and DOT would once again review the merits of transit projects for their comprehensive public benefits.  A new proposed rule-making is underway at FTA to transition the New Starts Program away from the overdependence on traditional cost- effectiveness.  

As we move forward in this process, it is important to consider how we might incorporate the option value into the benefits of a transit project.  Survey and logit choice models could be useful.  However, equity option pricing theory provides a potentially straightforward way to value the willingness to pay to reduce the risk of travel trip time volatility.  While there are other contingencies, this is arguably one of the primary components of the option value of transit.  It can also provide a transparent method to compare project benefits in different areas. 

In equity markets, options allow investors to either buy a stock (call) at a pre-determined price (strike price) or sell (put) at a pre-determined price.  This is essentially a form of insurance that allows investors to hedge the risk from price volatility.   Investors are willing to do so since they are risk averse.  Just like an insurance premium conveys information about willingness to pay to reduce risk so does the price of buying an equity option.  Indeed, equity option prices constantly change to reflect changes in the price of the underlying equity and other factors.  In this sense, options provide a real time snapshot of the willingness to pay to reduce risk.  There are well developed markets for trading these options and the theoretical framework for prices is well accepted.   It also provides a framework for valuing the option price of other items provided there is data availability and comparability.  Even if you don’t regularly use public transit, having it around gives you an option.  You have the option to take transit on bad highway days and have a more reliable expected travel time (transit on fixed guide ways such as subways). This has value and we can calculate it.  The next section provides a brief primer on pricing equity options and then discusses a framework for using it to estimate option value for transit.

Methods
	Primer on Options Pricing
The option pricing approach has its roots in the Black-Scholes-Merton methods for valuing equity options (Black and Scholes 1973, and Merton 1973).  Applying these methods to real, as opposed to financial projects, dates to Myers (1977).  

The value of an option of a non-dividend paying equity is a function of its relationship with several variables.  These variables include the current stock price (S), the strike price (K), time to expiration (t), stock price volatility(δ), and interest rates (r).  Investors either use options to hedge risks (long) or speculate by writing an option (short).  The discussion in this section will solely focus on long positions.

The basic idea of a long position is simple.  At some future point in time, an investor wants to be able to buy (call) or sell (put) at a pre-determined price (strike price).  The value of the equity option will always be higher when underlying equity markets are more volatile; volatility increases the uncertainty of what the stock price will be at any given time in the future.  The further out the time is to expiration also increases an option value.  This is so since there is less uncertainty about being able to exercise if conditions change.  Options become more valuable as strike prices move closer to being in the money.  For example, the value of a call increases the relatively lower the strike price is to the market price.  When the call is in the money it has intrinsic value since when the strike price is lower you can then buy the stock for less than the current market price. [footnoteRef:1]   [1:  An investor does not actually have to buy the stock by exercising the call.  Selling the call on the open market accomplishes the same goal since the option price incorporates the inherent profits.] 


Figure 1 below shows the profit and loss relationship between a long put option and different stock prices.  In this hypothetical example, an investor bought the $22 strike price put option at $2 (based on market conditions at time of purchase).   When the stock price is high (e.g. $30) the put is well out of the money and the investor is out the amount of the put contract purchase price.  This price is analogous to an insurance premium.  However, let’s say the prices starts to fall.   At a market stock price (i.e. underlying price) below $22, the investor can exercise the put and their loss is less than the put contract price.  At market prices below $20 the investor can exercise the put and make a profit because sales proceeds offset the contract price.  In the extreme example (in this graph) the market price drops to $12 a share and the profit is equal to $8 ($22 strike price -$12 stock price - $2 contract price).

Figure 1 – Long Put (strike price = $22)
[image: http://www.messagetrading.com/images/options-long-put.gif]
Source: messagetrading.com

 

Figure 2 – Long Call (strike price = $18)
[image: http://www.messagetrading.com/images/options-long-call.gif]
Source:  messagetrading.com


Figure 2 shows the corresponding relationship for a long call.  The investor again paid $2 for the long call contract with a strike price of $18.  When prices are low, the investor is out the amount of the call contract price.  As market prices increase the value of the call increases.  At prices over $20 per share, an investor can exercise the call and sell the stock for a higher market price.  At the extreme example (for this graph), the market price increases to $28 and the investor makes a profit of $8 ($28 market price - $18 strike price - $2 contract price).  

Both examples demonstrate how options can allow investors to hedge when market conditions change.  While the figures demonstrate the profits an investor can realize by owning the option, they do not show value.  Figure 3 below does.  As seen from Figure 3, call option value increases as the underlying asset price increases.  

Figure 3 – Call Value Relative to Stock price
[image: http://shazam.econ.ubc.ca/intro/value2.gif]

Source: http://shazam.econ.ubc.ca/intro/fin3.htm

Even out of the money options (at market prices not showing a profit in Figures 1-2) can still have underlying value based on the relationships noted earlier in the section.  This is what drives the price of the option.  For example, the price for a call with a strike price well above the current market price can still be positive given high volatility and a long time to expiration (positive time value).   

In this paper we will use the basic Black-Scholes option pricing formula (Cox and Rubinstein, 1985).  Equation 1 shows the formula for pricing a call option (C) while Equation 2 shows the formula for pricing the put option (P).   The definitions of the symbols for the variables (e.g. δ) are at the beginning of the Methods section.  As we can see in equation 1, the value of the call increases as the stock price increases given a set strike price because of its effect on the first term of the equation.  Similarly, the second term in the put equation (equation 2) becomes increasingly smaller as price goes down and the value of the put increases.  

(1) C=S[N((ln (Srt/K)/δt.5) +1/2 δt.5 )] –K/rt [N((ln (Srt/K)/δt.5) +1/2 δt.5  - δt.5)]
(2) P= K/rt  [N((ln (K/Srt)/δt.5) - 1/2 δt.5 + δt.5)] – S[N((ln (K/Srt)/δt.5) - 1/2 δt.5)]

In estimating these equations, we need to make four points concerning N, t, r, and δ.  N returns the area under the standard normal probability distribution evaluated at X.  X is the result of the mathematical operation inside the parenthesis following the N in equations 1 and 2.  T is the time to contract expiration and we express it in terms of a calendar year.  For example, if the contract has four months to expiration t is equal to .33 (4/12).    In the formula r is shorthand for (1 + r). Volatility (δ) is not the standard deviation of the daily prices, but rather, it is an annually adjusted standard deviation of daily log returns (see p. 256 in Cox and Rubinstein, 1985). The basis for doing so is the assumption in Black-Scholes that prices are lognormally distributed.  Equation 3 below shows the formula for δ.

(3) δ = [(1/n-1 ∑(ln Ri - µ)2) * (252)].5
n=number of observations
Ri = ln St/St-1  
µ = ∑ ln Ri /n 
  
Use in Fixed Guide-Way Transit
Equity option theory can provide a way to estimate societal value from improved reliability due to fixed guide-way transit projects.  For transit, we can think of strike price as the expected travel time in transit and the stock price as the expected travel time on roads.   Accessibility to transit is like a put option.  You have the option to take transit on bad highway days and have a more reliable expected travel time.   As travel times on the roads worsen (stock price goes down), the option value increases given a constant transit commute (strike price).  Similarly, as the volatility of commuting time increases the likelihood of a substantially adverse driving day increases and the option value of a reliable commute is higher.  Conversely, we can also think of transit as a call option.  As commuting time increases (higher stock price), being able to buy a lower time transit commute (lower strike price) increases option value.  Either way, we can explicitly incorporate driving time volatility into the value of transit.  This is especially useful when transit commuting times are actually higher than driving times on certain (or all) routes.

Based on the aforementioned discussion, it is seemingly more attractive to price the transit option as a put (i.e. bad things happen). However, doing so runs into problem in practice. This is due to the directionality of the service degradation.  With a stock, a reduction in the price is the degradation in quality.  Consequently, the second term in the put equation above (equation #2) becomes increasingly smaller as price goes down and the price of the put increases.  With driving time, the degradation is an increase in travel time.  Consequently, the second term becomes larger with increased travel times and the price of the put decreases.  As this produces counterintuitive results, from a computational standpoint we are better off pricing transit as a call option (option to buy a lower commute time).

Based on the Black-Scholes model we will price the call option using proxy transit data on the strike price and its maturity, the current stock price, and the expected volatility of the stock.  As previously noted, the proxy for strike price is the expected time taking transit and the proxy for stock price is the driving time by private vehicle.  Increased congestion that increases driving times increases the “stock price”.  Similarly, degradations in subway service that reduce reliability can show up in a higher strike price.  For volatility we take the same approach as with equities and take the annually adjusted standard deviation of the log change in daily driving commuting times. For this paper we set r at five percent (1.05).     

We calculate the call value using t equal to one day (t=1/365=.00274)[footnoteRef:2].  This time horizon represents the transit option as a “one-off”, or what a driver would be willing to pay in insurance for just that day given lack of knowledge of actual driving conditions on that day.  While there are no such insurance markets, this is a proxy for the societal option value the service provides.  In this case, the option expires daily.  We can view this as a daily option value (one each for the morning and the evening commute). [2:  The usual convention would be to use a 365 day year.  However, if we wanted to be consistent with the calculation of δ we would use 252 days (1/252=.00397).] 


We also consider different time horizons to provide a sensitivity analysis.  Given the permanent nature of a transit investment we can arguably treat transit as a long-term options contract.  We set time equal to 12 months such that t=1.  The call value would represent the value of having a permanent transit option available. [footnoteRef:3] We also use a somewhat shorter time horizon of three months (t=3/12=.25) and one month (t=1/12=.0833).  These time horizons may be more appropriate for considering resiliency values.  [3:  For an equity option you can only exercise the option once.  For this paper we assume that there is only one exercise.  For t=1 this is straightforward. However, it is less so for t>1.  For t>1it is less certain if this would be just one transit day during the year or if it would be the option to exercise several trips (but at just the one option value).  ] 


We also generate two types of estimated call values.  The first method treats commuting times as stated above.  These are not monetized results.  As such, they are only useful to determine if there is a positive option value and to rank-order projects that do.  The second approach monetizes driving times and the expected transit trip time by applying the value of traveler time (VOTT) to them.  For this study, we use the draft 2010 Department of Transportation guidance on VOTT of $12.10 per hour for commuters.[footnoteRef:4]  The estimated call value is a low end proxy for the “option value” noted in the Background section. [4:  We do not include non-time costs such as parking, transit fares, or vehicle operating costs.  Doing so would change the monetized volatility of driving.  We would need to subtract these costs out to get the volatility solely attributable to daily change in driving times which is what we want.  Including these costs would also lose the equivalence in volatility between the monetized and non-monetized approach.  Additionally, the option value of transit from accessibility is independent of these other costs.  Further, fares and parking are fixed over a period of time.  Only driving costs vary by congestion (reduced gas mileage).  However, for practical purposes that is also fixed as the usual convention is to use a per mile vehicle operating cost.  ] 




Results
The basis for our results is two weeks of daily driving times in the Washington, DC metropolitan area in the spring of 2010.   These results are for demonstration purposes.  To use this approach in practice we’d likely want a full year of daily driving times.   More data points tend to smooth out any fluctuations in the data.  However, the example does help illustrate the application of the aforementioned theoretical approach.

The daily commute in question was from Franconia, VA to the Department of Transportation Headquarters in Washington, DC.  Instead of driving, a traveler could also have taken the Washington Metro (subway) from Springfield/Franconia to the Navy Yard.  The expected transit time (including parking, egress, and waiting time at the platform) is 55 minutes.  This is the strike price (K).  The average driving time in this period was 46.6 minutes (S) with a range of 28 minutes to 85 minutes.  This was a time-volatile commute with a standard deviation of nearly 17 minutes.  Indeed, with this type of volatility a commuter would frequently experience commuting times greater than the commute time taking transit (even though the average is about eight minutes less the transit time).  For example, based on this range we randomly generated commuting times and found that 136 out of 252 commuting days (52 weeks * 5 days – 8 holidays) had commuting times greater than the expected (and generally reliable) subway time.  

As previously noted, the volatility (δ) we use to calculate the call value is not the standard deviation of daily drive times, but rather, the annually adjusted standard deviation of the log change in daily driving commuting times.  Table 1 below reports the unitary statistics in question, both in absolute time and for monetized time ($12.10 per hour).


Table 1 – Unitary Statistics for Baseline Data
	Variable
	Time 
(minutes)
	Monetized ($)


	S
	46.6
	9.40

	Range
	28-85
	5.65-17.14

	K
	55
	11.09

	δ
	  8.95
	  8.95*


* δ is the same in for both absolute time and monetized approaches since both measure changes from day-to-day.  Monetizing time is a scalar that does not affect the calculation. 

Based on the data in Table 1, we then generated call values using equation 1.  We did so for T equal to 12 months, three months, a month, and one day, respectively.   Table 2 reports these results.





Table 2 – Call Values Using Baseline Travel Time
	T
	Monetized Call Value ($)
	Non-Monetized Call Value

	12 Months
	9.39
	46.59

	3 Months
	9.14
	45.33

	1 Month
	7.39
	36.66

	1 Day[footnoteRef:5] [5:  Using T=1 day based on 252 days, the monetized value is $1.43 and the non-monetized value is 7.09.] 

	1.05
	  5.22



As t approaches zero given that the strike price is less than the stock price, call values would theoretically approach zero.  However, given an underlying volatile commute, the transit option is still quite valuable at T equal to one day.  The monetized call value of $1.05 would imply the “insurance premium” a commuter would pay just that day given lack of knowledge of actual driving conditions on that day to have a back-up transit option (our societal option value).  Annualized (about $265 each way), this may be a low-end estimate (i.e. low since it only includes reliability) of the option value of transit per affected commuter on this route.  

With this level of volatility, call values are high.  This is not surprising since as noted earlier volatility is a prime driver of call value.  Another driver is time.  As option contracts lengthen in time, options become more valuable.  Indeed, as time approaches infinity the call value would theoretically approach the value of the stock.[footnoteRef:6]   With this level of volatility, a long time horizon of 12 months effectively equates call value with the stock price (monetized driving time).  With such high volatility, the option value is the full value of the average commuting time.  We might also view this as a “resiliency” value of having a reliable transit alternative given the potential for a major incident occurring on the highways.  As such, this may be a high-end estimate of the value of having access to transit.[footnoteRef:7]  At the lower T of 3 months and one month, the call value decreases but is still high.   [6:  When T approaches infinity this essentially means that you can always avail yourself to the call option in the future.]  [7:  This is not as unreasonable as one might think.  Based on the 2010 IRS mileage allowance of 50¢ a mile, a 30 mile round-trip, and $10 parking, the daily driving commuting costs are $25.] 


As noted, the commute in question (along the congested I-95/I-395 corridor) is quite volatile.  These are the types of routes where transit can be most attractive to both regular users and occasional users.  This is borne out in the estimated call values.  Routes with less volatility have lower call values.  For example, if the volatility was 4 (t=1 day) in the example above the call value would be about zero.

To better illustrate how volatility affects value, we rerun equation 1 using hypothetical two-week commuting times with much tighter ranges of driving times.  We use ranges of 43 to 50 minutes and 46 to 48 minutes, respectively.  Both distributions have the same mean (46.6 minutes) as in the previous example, but have much lower volatility.  Table 3 shows the unitary results and Table 4 shows the results of the call values.




Table 3 – Unitary Statistics for Hypothetical Data
	
	Time (minutes)
	Monetized ($)

	Range
	S
	K
	δ
	S
	K
	Δ

	43-50
	46.6
	55
	1.07
	9.40
	11.09
	1.07

	46-48
	46.6
	55
	  .41
	9.40
	11.09
	  .41



Table 4 – Call Values Using Hypothetical Data
	T
	Range
(minutes)
	43-50
	46-48

	
	Monetized Call Value ($)
	Non-Monetized Call Value
	Monetized Call Value ($)
	Non-Monetized Call Value

	12 Months
	3.50
	17.37
	1.12
	5.54

	3 Months
	1.40
	  6.95
	  .15
	  .75

	1 Month
	  .46
	  2.26
	0
	0

	1 Day
	 0
	0
	0
	0



As we can see from Table 4, call values are well below those in Table 1.  A lower volatility makes a substantial difference in the call value.  For the 43-50 minute driving range there is still a substantial call value at the 12 month time horizon.  However, with the lower volatility this value is not at the level of the full commuting time (call value approaching stock value) as was the case for the distribution in Table 1.  Call values are still positive at 3 months and a month, but there is no longer any value at 1 day.  The latter point would indicate that a casual commuter would not be willing to pay an “insurance premium” for having the transit option for just that day (as such there is no societal option value from reliability).  It also shows that at this lower volatility, the call value does approach (and indeed hit) zero when the strike price is below the actual price. The results for the 46-48 minute distribution are similar but more pronounced.  The call values at 12 and 3 months are less and there is no longer any call value at a month.  Both of these results are more indicative of less congested routes with more reliable driving times.  The value of having a transit alternative is less because driving conditions are generally good.  The greatest value in these routes or markets might be in resiliency which might be picked up with the longer time horizon.

Conclusion
Individuals use transit for several reasons not accounted for in this paper.  Many commuters derive utility from not having to drive a car during peak hours while others have a cost advantage taking transit.  This is especially the case in inexpensive transit markets (e.g. the subway in New York City) or when they obtain transit subsidies from their employer.  This paper focuses on the value of transit based on its reliability vis-à-vis driving.

In this paper we present an approach to estimate the option value of transit using equity option pricing theory.  This approach explicitly factors in the volatility of driving times into the option value of transit.  Doing so allows us to show option value for transit even when the expected transit time is greater than driving (as is often the case).  The approach can help policy makers in choosing where to best allocate scarce investment dollars for transit.

In the paper, we also calculate option values from a driving/transit route in the Washington, DC metropolitan area using the Black-Scholes model.  While the results are for demonstrative purposes, they do show that with a great deal of underlying traffic volatility, the option value of transit is quite high. This is especially the case using longer time horizons, but is also the case if we use a time horizon of only one day.  The longer time horizon may be useful in providing an upper bound of transit option value but may also be useful in discussing the resiliency value of a transit system.  The lower time horizon (T=1 day) provides an estimate of the daily option value.

The results assume drivers are fully aware of the transit option and that transit provides reasonable frequency (especially during peak times) to matter.  In practice, to realize these option values transit systems do have to offer reliable and frequent service.  Drivers also need good information concerning delays on their preferred routes which would allow them to shift towards transit on any given day.  Similarly, people have to be aware of transit schedules and other items such as parking availability (if applicable).  Intelligent Transportation Systems can help in achieving the “full information” criteria required to achieve maximum option values from transit.

Future steps in using this approach involve additional research into interpreting the results using longer time horizons and in doing a beta test on a route (or routes) using a full year of data.  The time horizon (T) is of particular importance since increasing the time horizon increases the value of the option and has a great impact on estimating benefits.
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