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Developing a Better Baseline for High-Speed Rail Mode Shifting

This is in response to your request to provide suggested improvements to the Council of Economic Advisers (CEA) framework for analyzing the costs and benefits of High Speed Rail (HSR).  In particular, you wanted to focus on the likely mode shifts from cars and air travel to HSR, as well as areas of future growth as roadways and airports become more congested.   This response focuses on these mode shifts but does not cover induced travel. The current framework takes a constant mode shift from air to HSR of 60 percent and from car to HSR of 42 percent (with later adjustments).  The basis for the car mode shift is a report prepared by Charles River Associates in 2000 for a proposed California HSR project.

Based on a review of the literature (primarily from Europe), likely mode shifts are more nuanced. Rus and Nombela (2005) reported that the best potential market for HSR exists in markets between 300 and 600 kilometers (km), or 180 and 360 miles.  They also note that below 200 km (120 miles) HSR is generally not competitive with the private vehicle and that past 800 km (480 miles) HSR cannot compete with air.[endnoteRef:1]  Similarly, Givoni (2006) shows that on routes of around 300 km the introduction of HSR leads to an almost complete withdrawal of aviation services.  Givoni also notes that on routes over 1,000 km (600 miles) HSR ceases to be a substitute for air travel.  Consequently, mode shift is a function of the route in question.   [1:  While not stated, they are probably referring to car travel under free flowing conditions.  With congestion, both HSR and conventional rail can be time-competitive at reduced distances (see Table 1).] 


The following table better illustrates the situation.  In the table, we show a comparison between car travel (free flowing and with congestion), regular rail, HSR, and aviation.  Based on some generalized assumptions, we can compare travel times by service.  This allows us to glean where the comparative advantages of HSR rail lie and how the time differential vis-à-vis regular rail allows for mode-shift.

Table 1 – Estimated Travel Time by Service Type
	Kilometers (miles)
	Time by Service (minutes)
	Car – free flowing
	Car -congestion
	Rail
	HSR
	Air

	100 (60)
	  75
	135
	135
	105
	210

	200 (120)
	135
	255
	195
	135
	210

	300 (180)
	195
	375
	255
	165
	240

	600 (360)
	375
	NA
	435
	255
	270

	800 (480)
	NA
	NA
	555
	315
	300


1. Car is equal total driving time plus 15 minutes parking.  Free flowing is at an average speed of 60 miles per hour and congestion is at an average speed of 30 miles per hour.
2. Regular rail is at an average speed of 60 miles per hour plus 75 minutes access and egress time to station to and from origin and final destination, as well as a nominal wait at the station.
3. HSR is at an average of 120 miles per hour plus the same 75 minutes wait/access/egress time as regular rail.
4. Air is based on scheduled times (gate-to-gate) for similarly situated real-world flights plus 180 minutes wait/access/egress time.  For example, the 300 km category uses the Delta Boston-New York Shuttle (about an hour) while the 800 km category uses the Delta Atlanta-Washington flight (about two hours). 


As can be seen from Table 1, rail currently has only a narrow area where they hold a competitive advantage in travel time.  Rail is currently time-competitive with air at distances approaching 300 km; at 300 km air already has a time advantage.  With respect to car, rail is currently time-competitive only in shorter-distance congested corridors (e.g. peak hours).    Others may still take rail (or fly) under 300 km but they do so since they may not want the disutility of a long drive.  The introduction of HSR drastically changes the equation.

Mode Shift Air-to-HSR
HSR time-dominates air at distances just past 600 km and does so by quite a lot around 300 km.  This example strongly supports the literature.  In looking at mode shift from air to HSR, one should consider the length of the route (and corresponding time) in estimating mode shift.  For current air travel ≤ 300 km, one could arguably take all (or most, say 90 percent) of that traffic and assign it to HSR following its introduction.  This is independent of the level of congestion at airports and in the National Airspace System (NAS).  Even for a non-congested NAS and airports in question, given similar prices and sufficient frequency, HSR is too time-dominant for air to effectively compete for true origin and destination (O&D) traffic.  For current air passengers flying between 300 and 800 km, one could assign mode shift based on a sliding scale or based on surveys and on similarly situated markets in Europe and Japan.[endnoteRef:2]   [2:  In doing so, we should probably be conservative with respect to using data from European cities.  European cities are more compact than American cities, so more people are likely to live and work close to the rail station, and therefore rail is likely to have a larger market share on a European route of any given characteristics than on a U.S. route.  One approach would be to routinely assume a 10% lower market share for HSR in the US than for the corresponding route in Europe.] 


One should also note that these relationships change if we change the parameters.  The embedded spreadsheet below allows one to do so; just change the assumptions in column B.  For example, if the average HSR speed is 150 miles per hour then HSR is now time-dominant at 800 kilometers.  Conversely, at an average speed of 90 miles per hour it ceases to be so at 600 kilometers.  Similarly, on air shuttles (e.g. Washington-New York) where there is less wait time, the time advantage of HSR is less.  One should look at all these factors in estimating time differences and in ultimately assigning mode shift to HSR from aviation.  Conversely, as congestion at any airport worsens and travelers budget more time for waiting, one needs to add the increased wait time to the comparison.  Future congestion may likely broaden (lengthen the distance) the types of markets in which HSR can be competitive.  A review of forecasted congestion at airports competing with HSR may shed light on additional areas of future growth.




Another way of viewing the air-to-HSR mode shift is by looking directly at travel time.  Nash (2009) reported that there is a three-hour rail-journey time threshold where rail is competitive with air travel.  Without HSR, this threshold is on routes ≤ 300 km.  With HSR, the threshold expands to routes up to 600 km.   On routes between two and three hours (rail time only), Jorritsma (2009) reported that HSR achieves market shares between 50 and 90 percent.  This is roughly equivalent to routes between 400 and 600 km (about 240 to 360 miles).  Jorritsma also estimated expected mode shift from air to HSR for proposed routes out of Amsterdam in the Netherlands.  The basis for the estimates is a regression model (MuConsult, 2007).   Based on these regression coefficients  and an estimated travel time based on an average HSR speed noted in Table 1, we can generate expected market shares (combined HSR/air share only; excludes car and coach’s share of total travel) for HSR based on route length.[endnoteRef:3]  Table 2 below shows these shares. [3:  HSR Share = (.031)(1.016)^X + 1)^-1 where X=travel time (train only; excludes waiting and access/egress time)] 


Table 2 – Estimated HSR share of Combined Air/HSR Market
	Traffic ≤X Kilometers (miles)
	HSR Travel Time
	Market Share (of air-train total)

	  100 (60)
	  30
	95

	  200 (120)
	  60
	92

	  300 (180)
	  90
	89

	  600 (360)
	180
	65

	  800 (480)
	240
	42

	1000 (600)
	300
	22

	1500 (900)
	450
	  2



These results further enforce what we see in Table 1.  At distances up to 300 km, HSR practically takes over the combined air/HSR market. Combined with surveys and similarly situated markets, this approach can be useful in assigning mode shift for routes of distances greater than 300 km.  However, we should note that this relationship holds the quality of air service constant.  As congestion in the NAS worsens, this may adversely affect air travel times and result in additional potential mode shift to HSR.  This would be especially so for longer distance trips greater than 300 km.  

Once we establish a proper baseline for mode shift to HSR from aviation we need to adequately forecast growth in that traffic.  For traffic that we immediately expect to shift from air to HSR, current O&D forecasts for those markets may be adequate.  However, we would need to adjust these forecasts for any future capture due to degradations in the NAS, especially at longer distances.  We will investigate this further in the future.

Mode Shift Car-to-HSR
Nash (2009) noted that HSR is more competitive with air than with the car.  Nevertheless, Table 1 shows that there are areas in which HSR can capture traffic from travel by car.  Without HSR, rail is only time-competitive on routes shorter than 300 km under congested conditions.  HSR, though, is time-competitive under free-flowing conditions.  Consequently, HSR could capture a portion of these travelers.  While many travelers who travel by car do so for cost constraints (especially if travelling as a family), others do not.  It is the latter group, especially business travelers, which could shift to HSR.[endnoteRef:4]  [4:  Travelers currently traveling by car for longer distances where air travel is currently time-dominant are not likely to mode-shift to HSR.] 


The empirical evidence, however, is not as rich as with the air-to-HSR mode shift.  Bonnafous (1987) reported 18 percent of traffic on French HSR came from roads, while Vickerman (1997) reported that 12 percent of the traffic on the German HSR network diverted from cars.  Wardman (2003) reported that the share from car/bus went from 29 percent to 21 percent after the introduction of HSR on the Paris-Lyon line.  Similarly, the share on the Madrid-Seville line went from 44 to 36 percent.  In Japan, Givoni (2006) reported that 16 percent of traffic on the Sanyo Shinkansen line came from car/bus.  Based on these case studies, a 42 percent mode shift may be high.  We need to do additional work.  

One area may involve an in-depth review of all new HSR service (given data availability) and look at mode shift from car to HSR after the introduction of HSR.  After doing so, a quantitative approach might involve running a regression where mode shift is a function of distance on the O&D service, the percentage of non-leisure travelers previously driving, and relevant control variables.  This may be helpful at more rigorously being able to estimate expected mode-shift based on prior experience.  However, these estimates may have a low bias based on differences between the US and Europe and Japan.  The latter two, of course, would make up our sample.  In both cases, there existed better rail service than in the US prior to the introduction of HSR.  Indeed, Vickerman noted that much of the demand for HSR came from the existing rail network.  For example, Givoni noted that 55 percent of the traffic on the aforementioned Sanyo line in Japan came from existing rail.

Given these constraints, we may want to invest resources in experimental studies or surveys to better gauge likely mode shift from car to HSR.  Gonzales-Savignat (2004) outlines a discrete choice logit model that could be useful in looking at mode shift on O&D pairs along the proposed HSR corridors.
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Microsoft Office  Excel Worksheet


Microsoft Office Excel Worksheet
Sheet1



		Car Speed (free flowing) MPH		60

		Car Speed (congestion) MPH		30

		Car down time (parking, restroom, etc.) -Minutes		15

		Train Speed MPH		60

		HSR Speed MPH		120

		Rail/HSR wait/egress/access - Minutes		75

		Air wait/egress/access - Minutes		180



		note: to see how changing the assumptions change the results, simply replace with an alternate assumption in column B above.



		Kilometers		Miles		Car (free flowing)		Car (congestion)		Rail		HSR		Air

		100		60		75		135		135		105		210

		200		120		135		255		195		135		210

		300		180		195		375		255		165		240

		600		360		375		735		435		255		270

		800		480		495		975		555		315		300












