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Abstract 

The US has embarked on a new program of investment in intercity passenger high-speed rail 
(HSR) systems, with an initial “down payment” of $8 billion in federal funds. The HSR 
program is intended to provide jobs and support economic development, build a foundation 
for economic competitiveness, support interconnected livable communities, and promote 
energy efficiency and environmental quality. In this paper we examine one specific aspect of 
HSR’s anticipated energy and environmental benefits: its potential to reduce CO2 emissions 
compared to continued dependence on auto and air modes for intercity travel. Using 
projections for US travel to 2050 and experience from Europe (as well as US focused 
projects) of diversion to HSR, we consider the proposed plans for HSR in the US and 
account for changes in vehicles, fuels, CO2 emissions from travel, and demand levels for the 
competing auto and air modes through 2050 under two alternative projections of future travel 
conditions and levels. One scenario assumes trends-extended and a second assumes a 
"green revolution" with considerably lower levels of travel and emissions. We conclude that 
under either scenario, HSR would likely lead to a small (~1%) reduction of CO2 emissions in 
the transportation sector compared with the original projections without HSR. The primary 
reason why the reductions in CO2 emissions are small is the small share of overall travel that 
is between major metro regions slated to be connected by HSR and in a range likely to shift 
to HSR. 

Keywords: high-speed rail, passenger transportation, auto, air 
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Background and scope of this paper 

In the first half of the 21st century, population growth and increasing urbanization in the US 
will mean that travel markets in numerous large corridors will increasingly resemble those 
that currently exist in Europe and Japan. This, combined with increasing congestion on 
highways and at airports, is creating the opportunity for rail transportation to re-emerge as an 
intercity passenger mode of travel. In addition, technology in rail passenger transport is 
improving, permitting much higher speeds than even one or two decades ago. Given these 
development and technological trends, there are likely to be significant markets where high-
speed rail (HSR) could offer advantages in and between the large cities on major corridors in 
the US. HSR seems likely to be able to compete on door-to-door travel times for many trips 
and it also offers lower levels of hassle, greater reliability, increased comfort, and the 
opportunity for passengers to use time productively during the trip. HSR also may be able to 
provide expanded travel capacity with a relatively small energy and environmental footprint 
compared to air or auto. 

In this paper we examine one specific aspect of HSR’s anticipated energy and environmental 
benefits for the US: its potential to reduce CO2 emissions compared to continued 
dependence on auto and air modes for intercity travel. Recognizing that developing a HSR 
system in the US will take decades we examine its potential for the year 2050. We consider 
the plans for HSR that have been proposed and account for likely changes in vehicles, fuels, 
and demand levels for the competing auto and air modes. We conclude that HSR would 
likely lead to a modest reduction in CO2 emissions in the passenger transportation sector of 
between 0.5% and 1.1%.  

Projection of US travel to 2050 

We began our work by constructing two scenarios of travel and vehicle fuel intensity for the 
year 2050. These two estimates consider auto and air travel but do not include other modes. 
Since intercity bus and rail travel represent less than 0.8% of passenger km travelled in the 
HSR range (1), their omission is a minor limitation of the study. 

Scenario 1: “trends extended” 

Our first scenario of 2050 conditions, entitled “trends extended,” was built by projecting 2008 
travel to the year 2050. The year 2008 (specifically April 2008 through March 2009) was 
used as the base year as it is the year of most recent national-scale LDV travel data is 
available. We used separate sources for the 2008 air and auto travel data. The Federal 
Aviation Administration’s (FAA) T-100 database of aviation travel was used to determine 
internal passenger air travel for the year 2008 (2). Detailed data and forecasts on intercity 
auto travel are sparse in the US. Although the 2001 and 2009 National Household Travel 
Surveys (NHTS) (1) and (3) report intercity auto travel on a national level, their sample sizes 
are too small to provide a robust estimate for city pairs. Note that the 2009 NHTS 
predominantly contains data from 2008, whereas the 2001 NHTS predominantly contains 
data from 2001. Because the 2009 NHTS lacks multi-day trip information - it is limited to 
return trips completed within the same day - 2008 auto travel was calculated by adding 2008 
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single-day (travel day) data and 2001 multi-day (travel period) data extrapolated to 2008 
using a growth rate equal to that of travel day trips between 2001 and 2008. 

Using this estimate of total internal air and auto travel for the year 2008, we extracted those 
that we considered to be in "HSR range". HSR is likely to be uncompetitive for very short and 
very long trips, so we filtered out trips shorter than 100 miles (one-way), assuming that most 
trips under 100 miles will continue to be made by automobile outside of major cities and by a 
mix of auto, local rail and local bus services within major urban areas. We acknowledge that 
in some corridors HSR may capture a portion of trips of fewer than 100 miles. Likewise, we 
also filtered out trips over 600 miles, for which we assumed that the time advantage of air 
would result in its continued dominance for such trip lengths. We denoted the 100-600 mile 
(150-1000 km) range as the “HSR range”. 18.0% and 28.5% of 2008 air and auto travel 
respectively was found to be in the HSR range. 

We then filtered out air trips between city pairs where HSR could not compete due to lack of 
proximity. Any air trips between city pairs that would not be linked as part of the network of 
Federal Railroad Administration (FRA)-designated HSR corridors were removed (4) (see 
Figure 1). As a result, 65.8% of all internal air passenger-km was filtered out for being 
inadequately accessible to the HSR system. We assumed that the same proportion of auto 
travel within the HSR range would be unavailable e to the HSR system for proximity reasons, 
and auto travel was reduced accordingly. These assumptions are restrictive, and we 
acknowledge that in some cases travelers may drive to a nearby city to get access to HSR 
just as they drive to a nearby city for air access. 

 

Figure 1 - Map of FRA-designated HSR corridors (4) 
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We had now estimated internal 2008 air and auto travel within the HSR range between cities 
envisaged to be connected by HSR in 2050. Air travel was projected using a Federal Aviation 
Agency (FAA) projection of air travel to 2025 (5) and auto travel was projected to 2050 using 
a US Energy Information Administration (EIA) projection of LDV travel to 2030 (6). We 
determined the average compound growth rate for travel in air (2.6% between 2008 and 
2025) and auto (1.7% between 2008 and 2030) from the FAA and EIA studies respectively, 
and applied these compound growth rates to our 2008 air and auto travel data to produce 
2050 travel estimates. Thus our projections are extensions of the near-future trends forecast 
by the FAA and EIA.  We acknowledge that while capacity limitations may begin to be 
reached by some airports in the coming decades, suggesting that growth rates will 
decline, airlines and airports do have several strategies to respond. They can use larger 
aircraft, improve air traffic control and airport capacity utilization, use pricing to modify 
demand by month, day, and time of day, encourage the use of alternative airports in multi-
airport regions, and even use HSR or other transit as a “last link” service in place of air. 

Scenario 2: “green revolution” 

A second scenario was taken from a study by Schipper et al. (7) that constructed a 2050 
scenario of increased vehicle fuel efficiency, low carbon fuel use, higher travel costs, and 
additional travel demand management in response to global initiatives to reduce greenhouse 
gas emissions. Our first “trends extended” scenario shows rising air and auto use, while our 
second, “green revolution” scenario shows a decline in car use and relatively constant air 
travel, despite an estimated 60% increase in per capita GDP. This scenario may seem 
improbable, but is important for testing the impact of HSR should ambitious improvements in 
energy performance and "greener" travel choices prevail in the future. Fuel economy in North 
America in Schipper et al. (7) is about 50 miles per gallon, and one third of the fuel is 
essentially carbon-free fuel cell hydrogen.  Driving costs would be expected to be somewhat 
higher than in 2005 due to higher oil prices, possible carbon taxes, and the cost of hydrogen 
for fuel cells. 

As in our first scenario, we filtered out the 65.8% of air and auto trips that we assumed were 
not between city pairs that would be linked as part of the network of Federal Railroad 
Administration (FRA)-designated HSR corridors (see Figure 1).  

We used these two ‘broad-brush’ national aggregate estimates of future travel as baselines 
from which we could evaluate how much travel might switch to HSR, and how that switch 
would affect CO2 emissions. 
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Table 1 presents the two projections showing total passenger-km by mode as well as the 
share of passenger-km assumed to be in the HSR range for each mode. 

Table 1 - Billions of passenger-km travelled (PKT),  internal US travel 

   2008 2050 

   
all US 

growth 
rate all US between HSR-

connected cities* 

HSR range  159   472   162  
air 

total  883  
2.6% 

 2,623   897  

HSR range  1,816   3,634   1,243  ‘tr
en

ds
 

ex
te

nd
ed

’ 
sc
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auto 
total  6,383  

1.7% 
12,774   4,368  

HSR range As above  395   135  
air 

total as above 
1.9% 

 2,196   751  

HSR range   2,208   755  ‘g
re

en
 

re
vo
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tio

n’
 

sc
en
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io

 

auto 
total  

0.4% 
 7,761   2,654  

NOTE: 1 mi=1.61 km 

*34.2% of all US travel 

Calculation of mode shifts to HSR 

Having projected to 2050 air and auto travel that could reasonably switch to HSR for two 
distinct scenarios, we estimated possible shifts to HSR from these two modes. We 
considered two plausible levels of mode shift based on a detailed review of the literature on 
experiences in other countries as well as on estimates prepared by various US organizations 
examining HSR potential. 

Shifts for scenario 1: “US modelled” 

Our first level of mode shift, entitled “US modelled,” is based upon two reports that explore 
the potential of HSR in the US. In 1997, the FRA modelled shifts to HSR for a number of 
corridors by applying what they call “diversion models” to each case (8). For each mode, a 
pair-wise comparison of that mode’s utility and HSR’s utility was made for both business and 
non-business travelers. By comparing utilities, a probability of taking HSR was therefore 
gained and used as the mode shift. The independent variables in the linear utility equations 
include fare, trip time and frequency. Coefficients in the equations represent the relative 
value attributed to travellers depending on mode and purpose (such as value of time). They 
analyzed eight different regional networks, with the predicted shifts from air to HSR ranging 
from 20.8% to 45.7% and the predicted shifts from auto to HSR ranging from 0.7% to 6.3%. 
These shifts, similar to how we define shifts, are from intercity travel in corridors served by 
the HSR systems. A second report presents the results of numerous HSR ridership forecasts 
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(8). Taking these findings into consideration (by taking an average with all different analyzed 
networks weighted equally), our “US modeled” estimate assumes that 30% of US air travel in 
the HSR distance range would shift to HSR, and that 4% of LDV travel would do so. Because 
these shifts appear to have been modeled based on current trends at present or extended 
into the future, they will be applied to the 2050 travel from our first “trends extended” 
scenario. 

Shifts for scenario 2: “European observed” 

Our second level of mode shift, called “European observed,” is drawn from documented 
experiences from built European HSR networks. For the Paris-Brussels Thalys service, 
Preston (9) reports that of all trips in the corridor after HSR implementation 5.5% were 
induced, i.e., the trips would not have been made without the new service. Accounting for 
this and comparing before and after mode splits, it can be deduced that 70% of air travel 
shifted to HSR and 25% of LDV travel shifted to HSR. De Rus & Inglada (10) studied travel 
before (1991) and after (1996) Madrid-Seville AVE service was introduced in 1992.  From 
this paper it appears that 49% of air travel shifted to HSR and 2.0% of LDV travel shifted to 
HSR. The European Commission (11) reports on changes in travel before (1981) and after 
(1984) the Paris-Lyon TGV service was implemented in 1983. From the European 
Commission before and after mode shares, accounting for the induced trips, we deduced 
that 69% of air travel shifted to HSR and less than 1% of LDV travel shifted to HSR. 
Bonnafous (12) determined that 49% of the new Paris-Lyon HSR travel was induced. Taking 
these findings into consideration by averaging the three results, for our "European observed" 
estimate we assumed that 60% of US air travel in the HSR distance range would shift to 
HSR, and that 10% of LDV travel would do so. 

We expect the shifts observed on European systems to be in line with those that could occur 
on a US HSR system under our second “green revolution” scenario. This is because the 
major assumptions for this scenario, increased vehicle fuel efficiency, low carbon fuel use, 
higher travel costs (especially for driving), highly-developed transit systems in origin and 
destination cities, and additional travel demand management in response to global initiatives 
to reduce greenhouse gas emissions; are (with the exception of lower carbon content in fuel) 
widespread in European countries with HSR. 

Results: changes in travel and CO 2 emissions 

The mode shift percentages assumed earlier were applied to the projections of total travel in 
Table 1 resulting in the shifts to HSR seen in Table 2. The shift within the HSR range is 
appreciable, but overall the figures are relatively small compared with total travel in 
passenger-km. Since our focus was the impact of mode shift, we did not account for induced 
travel, which was significant in the European cases (9-12). 
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Table 2 – Travel shifted to HSR in 2050 from auto a nd air for the two scenarios 

  

travel in 2050 in HSR range between 
HSR-connected cities (bn PKT) 

  

without 
HSR 

Shifting to 
HSR %  

% of HSR travel 
from this mode 

air  162   48  30% 49% Scenario 1: 
"trends extended" auto  1,243   50  4% 51% 

air  135   81  60% 52% Scenario 2: 
"global revolution" auto  755   75  10% 48% 

 

Calculation of CO 2 emissions in 2050 

Fuel intensities 

Reductions in CO2 emissions from mode shift to HSR depend as much on the projected 
emissions of the “from modes” as on the projected emissions from HSR. Emissions from all 
“from modes” depend on the amount of travel (in passenger-km), the vehicle load factors (in 
passenger-km/vehicle-km), the fuel use per vehicle per km for each mode, and the carbon 
content of fuels. 

Fuel intensity of aircraft and LDVs is likely to fall, as the EIA projection indicates through 
2030. For the 2050 ‘trends extended’ scenario, we used the EIA values of vehicle fuel 
intensity and projected the same rates of change to 2050, holding vehicle occupancy levels 
constant (82% for air, 1.5 persons/vehicle for LDV). This left the carbon intensity of LDV 
travel at 48% of its 2005 value in 2050. We did not change the CO2 content of fuels for this 
scenario. 

The ‘green revolution’ scenario used data on future fuel intensities of vehicles from a study 
by Meszler of the International Council for Clean Transportation (ICCT) (13). A world in which 
high-speed rail has penetrated in major routes seems consistent with one in which other 
modes of transport have made technological progress as well, which we equate with major 
fuel economy improvements and decarbonization of road fuels. This work held that by 2050 
LDV vehicle carbon intensity could be only 27% of its 2005 value, largely because of a high 
assumed penetration of fuel cell vehicles using hydrogen with almost zero CO2 content. The 
overall CO2 intensity of the fuel for light duty vehicles was roughly one third below that of oil 
(on an energy basis), resulting in even further declines in CO2 intensity of car travel to 18% of 
the 2005 value. Air travel fuel intensity foreseen by ICCT fell by one third over its 2005 value. 
The fuel remained the same (kerosene) so there were no further savings of carbon. 
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The energy intensities (in kgCO2/capita) for travel in these modes (reflecting occupancy 
factors) are also obtained from Meszler (13). The resultant carbon emissions for each mode 
(in gCO2/pass-km) are shown Table 3. 

Table 3 - Carbon intensities and per capita carbon emissions for 2005 Passenger 
Transportation, with projections to 2050 

 Scenario Unit 
auto 

(2005) 

auto 

(2050) 

air  

(2005) 

air  

(2050) 

Carbon 
emissions 
from 
Travel 

Both kgCO2/capita 3,957  683  515    544  

‘trends extended’ gCO2/pass-km 183*  88  163*  91  Carbon 
intensities 
of travel ‘green revolution’ gCO2/pass-km 183*  34  163*  109 

* Note that the emissions intensities of actual travel that shifts are higher, as noted in the text. 

Two further assumptions were required to characterize the CO2 intensity of the “from modes”. 
First, based on studies on aircraft energy efficiencies, air travel in the HSR range was 
assumed to be 50% more fuel intensive than that of all air travel, both because the trips 
involve a higher ratio of climbing and landing and because the planes used tend to be 
smaller and less fuel efficient per passenger (14). The decline in travel was considered to 
proportionately reduce flights offered rather than result in a lower occupancy. For car travel in 
the HSR range, it was assumed that shift comes predominantly from business and work 
related trips, which tend to have low utilization factors, rather than family trips. An overall 
utilization of 1.1 persons/vehicle, or 0.9 vehicle-km per passenger-km shifted, was therefore 
assumed.  

Carbon intensity of HSR travel 

The other key parameter in estimating the impact of mode shift to HSR is the carbon 
emissions intensity of HSR. In this paper only operations are considered. This is a limitation 
of the study because in systems with relatively low frequency operations, the CO2 impact of 
building and maintaining the system and trainsets may be as great (on a passenger-km 
basis) as that of operations (15). 

For the emissions from HSR, actual and projected intensities of train-sets, expressed as 
[electric energy]/seat-km, were used. We assumed that passenger weight is trivial compared 
to the weight of the train-sets. We then utilized projected load factors, or assumed load 
factors, to estimate the number of seat-km that will be travelled to yield passenger-km 
travelled (PKT). We used national average emissions per kWh delivered to end-user. 

The CO2 intensity (emissions/pass-km) of HSR is: 
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IHSR = (kWh/seat-km * MJ primary energy/kWh * CO2/unit of primary energy) / (utilization 
factor, % of seats) 

The intensity of a trainset is expressed in kWh/seat-km. Thompson compiled a number of 
values of energy intensity of Shinkansen from Japan Rail publications (16). The first 
Shinkansen (zero series) required 0.072 kWh/seat-km with a top speed of 220 km/hr, while 
the most recent Nozomi 700N requires 0.037 kWh/seat-km at that speed and 0.049 
kWh/seat-km at 270 km/hr (17). Thus the energy intensity of the Shinkansen has been 
falling, to a point where the recent Nozomi 700N uses about 50% as much energy at a higher 
speed than the original Shinkansen, and 32% less energy at 22% higher speed. For 
simplicity we adopted the low-mid range value of 0.04 kWh/seat-km, but examined a wider 
range of electricity intensities as well. Given the technical progress of all HSR, it is likely the 
decline in intensity exhibited by the Shinkansen will be continued. We assumed an 
occupancy factor of 60% of seats filled, but we also examined occupancy as low as 33% or 
as high as 75% for sensitivity testing. 

Often ignored in discussions of electric traction is the CO2 released in the production of 
electricity itself. In 2007, electricity generation in Sweden, France and Brazil released less 
than 90 gCO2/kWh because of a high degree of nuclear power, hydropower, or renewable 
energy, while in China and India more than 725 gCO2/kWh is released from either of their 
highly coal-dependent power systems (18). Emissions in the US in 2005 were close to 687 
gCO2/kWh when losses in transmission and distribution are included (19). This represents 
the total emissions required to provide 1 kWh at the average end user (in this case the 
catenary of the rail system). 

The CO2 emissions per kWh were projected by taking the 2005 shares of fossil fuels used in 
electricity production (49% coal, 11% oil, 13% natural gas) at 685 gCO2/kWh (20). For the 
2050 ‘trends-extended’ scenario a 50% share of energy from coal, 3% from oil, and 15% 
from gas were used. We assume a 5% decline in primary energy to electricity, consistent 
with historical progress. Together these parameters yield 547 gCO2/kWh or 20% below the 
2005 value. This is in line with EIA’s projection (20) showing a 2030 lowest cost fossil fuel 
projection of 606 gCO2/kWh, which reflects a high use of coal, close today’s mix. 

CO2 intensities for electricity production were extrapolated to 2050 in Schipper et al. (7) using 
US EIA 2030 projections. EIA included a "business as usual" projection with only slightly 
lower CO2 intensity than present production, and a projection with significant lower 
emissions. This is not far from that adopted by Schipper et al. (7) based on the International 
Energy Agency's input to that study.  

We also constructed an alternative for the ‘green revolution’ scenario, reducing the coal 
share to 20%, the oil share to 3%, and the natural gas share to 10%, thus reducing the fossil 
fuel component of primary inputs by more than half. We also assumed that losses from the 
production and delivery of electricity would decline 15%, representing both improved 
generation efficiencies and reduced losses in transmission and distribution. This reduced the 
685 gCO2/kWh emitted in 2050 to 188 gCO2/kWh, or only 27% of the 2005 value. The US 
EIA’s own 2030 “low” case, estimated in response to recent legislation (6) gives a 2030 value 
of 237 gCO2/kWh, which is consistent with the “low” case that we constructed for 2050. 
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Estimates provided by the International Energy Agency were for a best case of 
approximately 250 gCO2/kWh, so our two scenarios bracket cases of minimal improvement 
to great progress in reducing emissions from electric power. 

Projected CO 2 emissions by mode in 2050 

HSR CO2 emissions were then projected bottom-up as the product of total passenger-km 
shifting to HSR multiplied by the projected electricity use per passenger-km multiplied by the 
projected ratio of CO2 emissions to electricity provided at the rail catenary.  

The key HSR-related assumptions used in this study are summarized in Table 4. The high 
and low emissions assumptions, which alternatively could be considered “poor” performance 
and “good” performance, were used for sensitivity analyses. The middle column values were 
used in the analyses presented here unless otherwise stated. 

Table 4 - Key assumptions regarding HSR carbon inte nsity (C HSR) 

 
High emissions 
assumptions 

 Used in study  
Low emissions 
assumptions 

Comments 

HSR electricity intensity, 
kWh/seat-km 

0.06 0.04 0.03 
from survey by 
Thompson (21) 

HSR occupancy, % 33% 60% 75%  

gCO2/net-kWh delivered 
to trainset 

638 547 188 
Projected from 
US DOE, EIA 

 

Calculation of CO 2 reduction in 2050 due to mode shift to HSR 

The total carbon reduction from a decline in LDV travel is: 

(1)  CLDV = reduction in PKT * VKT/PKT * CO2/VKT = PKTLDV * ILDV 

Where ILDV is the carbon intensity of LDV travel given in Table 4. The reduction from a 
reduction in air travel is: 

(2) CAIR = reduction in PKT * seat-km/PKT * CO2/seat-km = PKTAIR * IAIR 

Thus if travellers switch only from LDV and air travel (neglecting bus and train travel as 
previously stated), the net CO2 saving is: 

(3) CLDV + CAIR – CHSR 
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The CO2 impact from the average passenger-km shift to HSR can be calculated if the 
proportions of HSR ridership that previously took LDV or air are known. If L is the share of 
HSR travel that switched from LDV and A is the share that switched from air travel (A + L = 
100%), then the impact S of the average switcher per passenger-km transferred (neglecting 
bus and train travel as previously stated) is: 

(4) S = ( L * ILDV ) + ( A * IAIR ) - IHSR 

For this study the impact of one passenger-km shifting ranged from 50 g to 116 g 
CO2/passenger-km. The large size of the range reflects the large range of both L and A as 
well as of all three CO2 intensities. 

The changes in CO2 emissions from both scenarios were calculated using the formulas 
above, and our results are shown in Figure 2. For comparison, total CO2 emissions in the 
2050 “trends extended” scenario without HSR were 2126 MMT and in the “green revolution” 
scenario were 510 MMT without HSR. Thus, in the “trends extended” scenario, the 
introduction of HSR reduced total passenger transportation sector CO2 emissions in 2050 by 
0.5%, and in the “green revolution” scenario the respective reduction was 1.1%. The 
percentage was higher in “green revolution” both because the diversions are higher and 
because overall CO2 emissions from travel were so much lower than in “trends extended”. 

 

Figure 2 – Change in CO 2 emissions in 2050 due to mode shift from air and a uto to HSR. 
Negative number connect reductions in emissions, wi th the last bar showing the net effect. 
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When does HSR save CO 2? 

We have portrayed the annual savings in CO2 from the implementation of a national system 
of HSR by estimating the level of travel and emissions intensity of both the “from” modes 
(LDV and air) and the “to” mode (HSR). Since all parameters are future estimates and are 
inherently uncertain to varying degrees, it is important to identify explicitly the uncertainties 
that planners face, as well as possible weaknesses in any approach. 

In our “trends extended” scenario (with “US modeled” shifts), the shift to HSR reduces CO2 
emissions by 10.5 million metric tonnes (MMT) in 2050, partly due to the decline in the CO2 
intensity of air and auto travel. In the “green revolution” scenario, the savings from “European 
observed” shifts to HSR are 5.7 MMT of CO2. In both cases, the savings from air travel are 
larger. This is not because much more PKT is shifted from air than auto (in fact, they are very 
similar, see the final column in Table 2), but because in both scenarios, CO2 per passenger-
km in 2050 is greater for air than for auto. Emissions reduction is generally higher in the 
“trends extended” scenario mainly due to higher future energy intensities for air and auto in 
this scenario, despite there being 37% less passenger-km shifting to HSR in the “trends 
extended” scenario. 

Effects of different mode shift combinations 

We developed two projections of total travel by mode (with emissions), and two projections of 
diversion to HSR. To this point, we have paired “US modelled” shifts with our “trends 
extended” travel projection, and our “European observed” shifts with our “green revolution” 
travel projection, as the assumptions in each pairing are largely analogous. For example, the 
“green revolution” source assumed significantly higher fuel prices and strong transport and 
land use policies, which would also favour HSR compared to present policies in the U.S. 
However, even if current intercity travel trends extend to 2050, we may see shifts to HSR 
similar to European experiences (possible due to densification of land uses, or a low cost of 
HSR travel compared to other modes). In this permutation, CO2 reduction shoots up to 23.4 
MMT (compared to 10.5 MMT previously). On the other hand, the “US modelled” shifts may 
be too high – perhaps due to optimism bias during the modelling process, a trait that is 
widespread in rail system demand modelling (22). Amongst all the US studies analyzed, the 
lowest shift percentages from air and auto for an individual regional HSR network were 0.7% 
for Florida HSR (8) and 21% for Northeast Corridor HSR (8) respectively. If we apply these 
“lower bound” mode shifts to the “trends extended” travel projection, our reduction in CO2 
falls to 4.7 MMT. 

Similarly, we applied the “US modelled” shifts to the “green revolution” travel projection and 
the CO2 reduction fell to 2.8 MMT. Applying the even smaller “lower bound” mode shifts, the 
CO2 reduction falls to 2.0 MMT, the smallest permutation of all. These large fluctuations 
show how pivotal mode shift estimations are to the CO2 reduction potential of HSR. It is 
important to note that overall CO2 emissions did not actually increase due to any of these 
scenario permutations. 
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Key sensitivities and “ifs” for HSR 

We undertook a sensitivity analysis where we change one or more parameters in the two 
scenarios and report the percent change in total CO2 savings to understand the importance 
and effect of each parameter. The findings are presented in Table 5. 

Table 5 - Summary of sensitivity of results to chan ges in assumptions in the scenarios 

Change in CO2 savings 

Variant 
Value (s) used in 

sensitivity analysis "trends extended" 
scenario 

"green revolution" 
scenario 

MMT CO2 savings 
(before modifications)  10.5 5.7 

High US electric CO2 684 g/kWh -9% -25% 

Low US electric CO2 188 g/kWh 22% 66% 

High electric intensity 0.05 kWh/seat-km -8% -23% 

Low electric intensity 0.03 kWh/seat km 9% 25% 

Low HSR occupancy 33% -28% -83% 

High HSR occupancy 75% 7% 20% 

Note: further CO
2

 reductions are represented as positive percent changes 

CO2 emissions from electric power production 

In this study we use national averages. Were an HSR system to use its own captive electric 
power, the emissions figures from that system should be used, as is practice in Japan (17). 
When estimating the CO2 intensity of a regional HSR system such as California or Florida, 
the CO2 intensity of a marginal kWh reflecting regional trade at the time HSR is running 
should be used, but analysing regions separately was beyond the scope of this study. 

If a higher carbon intensity for electricity production for the US in 2050 is taken (see Table 4), 
emissions savings reduce by 9% and 25% in the “trends extended” and “green revolution” 
scenarios respectively. If the lowest intensity is taken, the savings grow by 22% and 66% 
respectively. 

Variation in efficiency or energy intensity of trai nsets (kWh/seat-km) 

Our projections used an average energy intensity of 0.04 kWh/seat-km, slightly above the 
most recent Nozomi. Given the technical progress made by Japan Rail trainsets, it is not 
unreasonable to expect a continued decline in the electric intensity of HSR, particularly if an 
increasing number of trainsets are double-decked. The lowest electricity intensity, 0.03 
kWh/seat-km, increases savings by 9% and 25% for “trends extended” and “green 
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revolution” scenarios respectively, while the higher intensity, 0.05 kWh/seat-km, decreases 
savings by 8% and 23% respectively. While we have not studied other rail speeds explicitly 
we note from Tanaka et al. (16) and Swedish data (23) that lower speeds tend to have lower 
intensity (in kWh/seat-km). Whether lower speeds results in fewer travellers should also be 
considered. 

Considering variability in electricity production emissions and trainset intensity together, a 
much lower value of CO2/seat-km would be yielded for trains in Sweden, France or Brazil, 
compared to if the most energy intensive trainsets run in the US with more than half the 
electricity generated by coal as at present. Our sensitivity analysis underscores this point. 

Variation in HSR occupancy factors 

The train occupancy factor is as important as the overall CO2 intensity of trainsets (in 
gCO2/seat-km). Occupancy factors in Japan fall in the 60-70% range (17). For the US case, 
a low occupancy factor (say 33%) and high carbon intensity of electricity generation (the 
present value), combined with the least efficient trainset (taking the most energy intensive 
Nozumi value of 0.06 kWh/seat-km) gives a carbon intensity of travel of almost 120 
g/passenger-km, only 25% below the 2005 value for domestic air travel. At the other end, 
taking a 75% occupancy factor, a low projected CO2 intensity of electricity production (188 
gCO2/kWh) and a projected low energy intensity of 0.03 kWh/seat-km gives a CO2 intensity 
of HSR travel of under 10 gCO2/passenger-km, well below any current mode available in the 
US today or among those projected for the US. 

The impact of changes in occupancy are also shown in Table 5. At the lower occupancy of 
33%, CO2 savings are cut by 28% and 83% in the “trends extended” and “green revolution” 
projections respectively, while at the higher occupancy of 75%, the savings increase 7% and 
20% in the two scenarios respectively. 

From these variants we have created a “worst HSR savings” case. Combining the high CO2 
intensity of electricity production, high HSR electricity intensity, and low HSR occupancy, 
CO2 intensity of HSR travel is over 50 gCO2/pass-km, while in the reverse “best HSR 
savings” case, it is only 7.5 gCO2/pass-km (compared against 38 gCO2/pass-km in the 
projections). The worst HSR case cuts CO2 savings by 61% in the “trends extended” 
projection and actually results in a net 4.5 MMT increase in CO2 in the “green revolution” 
scenario, while the best HSR case leads to 27% and 80% higher savings in the two 
scenarios respectively.  

Sensitivities from automobile and air travel 

Since the CO2 “savings” depend on the carbon intensities of the modes from which travelers 
shift, the intensities of these modes bear scrutiny. In our aggregate analysis we have not 
corrected for actual travel distances by mode, but rather use a constant distance for the three 
modes considered. This simplification introduces error. For example, the adopted route for 
HSR between San Francisco and Los Angeles traverses 710 km, compared to 610 km for 
autos or 540 km for air travel. The result is that we may overestimate emissions from air and 
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auto by significant amounts in that corridor. In other corridors, or for specific trips, it is 
possible that the rail trip would be shorter than the auto trip. 
 
Another limitation of the analysis is that we do not calculate the energy and emissions 
associated with getting to the HSR station or airport. In large, dense population centers with 
good mass transit coverage to the HSR station, it can be assumed that a large share of 
riders might take transit or a non-motorized mode of transportation to access or egress from 
stations, while in more sprawling cities automobiles could be the dominant mode taking 
passengers to and from HSR stations, just as they are to and from airports. While we have 
not addressed these issues explicitly in our aggregate approach, they should be considered 
in any detailed estimate of impacts of HSR. 

Future CO 2 emissions from other modes 

Our “Green Revolution” projections foresaw the CO2/vehicle-km for LDVs in 2050 to be 64 g, 
less than 25% of the 2005 value. Using our “trends extended” extrapolation of the EIA 
projection out to 2050, LDV emissions fall only to 50% of their 2005 value in 2050. Using the 
latter projection gives a much larger savings of CO2 emissions. This is because the “from” 
mode is more CO2 intensive.  

It also is possible that we have been overly conservative in our assumptions about group 
travel by HSR. We assume that the occupancy of vehicles shifting to HSR would be only 1.1, 
because of our supposition that most shifters will be business travellers or smaller families. 
Our reasoning is that for larger groups, shifting from a car to HSR is costly, e.g, a family of 
four could share the car trip but would have to buy four HSR tickets. However, the average 
projected occupancy for 2050 is 1.65, and if a higher percentage of auto drivers shift to HSR 
this could increase HSR's ridership but, ironically, reduce CO2 performance significantly: 
more shifted passenger-km would come from fewer veh-km if travellers in high-occupancy 
vehicle shifted. 

For air travel, the “Green Revolution” and “Trends Extended” Baseline projections foresaw 
declines of carbon emissions per passenger-km of approximately 43% and 33% respectively. 
Using the “Trends Extended” value for air travel intensity raises the CO2 savings per 
passenger-km switched to HSR by about 25% compared to the Green Revolution case. We 
also assumed that the fuel intensity of short-haul aircraft most commonly used for the range 
of journeys of question (600-965 km) is 50% higher than the average for the US (14) but if 
more efficient aircraft are used the comparative contribution of HSR could drop significantly. 
These variants show that the overall CO2 savings are very sensitive to the CO2 intensity of 
travel diverted to HSR.  

Indeed, if the CO2 intensities of air and LDV travel decline along our “Green Revolution” 
case while those of HSR are high because occupancy factors are low and electricity is made 
mostly from coal, it is possible to have an increase in CO2 emissions. Indeed, there was a 
long period in the 1980s and 1990s when the average CO2 intensity of US urban bus travel 
was higher than that of car travel because there were so few passengers (averaged around 
the clock) on urban buses (24). Clearly, comparing the CO2 emissions of future HSR with the 
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present CO2 intensities of travel is in appropriate, because the latter are falling and could be 
much lower than today by 2050.  

Marginal vs. average emissions and life cycle asses sment 

In this study we have dealt with average emissions from different modes of transport. 
However, it is possible that both travelers and airlines will behave in ways that would result in 
this being an erroneous assumption. For example, for we reduce car emissions in proportion 
to the shift to HSR, and estimate the emissions as that of the average vehicle. This may be 
wrong on two counts. First, it is plausible that a car left at home would be used by another 
driver, and even that travelers in households with fewer cars than drivers would be more 
likely to use HSR for intercity trips. Second, travelers with smaller, or older, cars would be 
more likely to use HSR for intercity trips, so that the cars removed from the road might not be 
the average cars.  

For air travel, we have assumed that less travel results in fewer aircraft miles; hence we have 
reduced emissions proportional to the reduction in travel. European experiences (25) support 
this assumption, as entire short-haul routes have been abandoned or traffic cut significantly 
with the introduction of HSR. However, at the margin, planes may simply be flown with fewer 
passengers. This seems likely for some OD pairs, and would lead to smaller reductions in 
CO2.  

In addition, the access and egress trips of travellers to the airport or HSR terminal have not 
been explicitly considered in this study. Unlike airports, HSR stations are likely to be located 
in downtowns in areas with good transit coverage and in closer proximity to larger 
populations, which suggests that mode shift from air to HSR would decrease emissions in 
the access and egress modes in addition to reducing emissions from the long distance trip 
itself. 

As noted earlier, we have not carried out a life cycle assessment (LCA) of the emissions from 
HSR operations or construction (15) It also would be true that for corridors that are capacity 
constrained, e.g., some highways and airports, costs of expanding the capacity for these 
modes in the absence of HSR likewise would have to be accounted for in a life cycle 
assessment, or the impacts of greater delays would have to be calculated. 

Summary of impact of sensitivities on CO 2 savings from HSR: which matter 
most? 

The wide variation in CO2 savings projected in Table 5 is a reminder that many uncertainties 
cloud forecasts for HSR. The CO2 intensities of air and auto travel, the degree to which 
travellers will shift to HSR, and the CO2 intensity of HSR travel itself are all critical 
parameters. CO2 intensities depend on technological parameters as well as vehicle 
occupancy. We have varied the intensity of auto travel, the HSR occupancy, and the CO2 
intensity of electric power projection each by over a factor of two, while the intensities of train 
sets and air travel varied by somewhat less than a factor of two. Cleary all must be 
scrutinized in any calculation of the impact on CO2 emissions of shifts to HSR.  



Kosinski et al. High Speed Rail and CO2. TRB 2011 

 
 

18 

For those concerned about CO2 emissions, an outcome where both HSR and other modes 
have low intensities while shifting to HSR is the highest is the best. What saves the most CO2 
overall in the US, however, may not reflect the maximum savings that can be tied to HSR, 
because the CO2 intensities of the modes shifting to HSR will also have fallen. Projections of 
CO2 from HSR that assume a low-CO2 profile of HSR because of technological progress in 
trainsets and electric power production should consider that for consistency similar progress 
would occur to reduce emissions from light duty vehicles and air travel. 

Conclusions 

In this paper we have presented an estimate of the impact that proposed HSR corridors in 
the US could make to CO2 in the passenger transportation sector in 2050. We find that if 
current air and auto travel trends are extended to 2050, and mode shifts to HSR are the 
average of those found in recent models of future US HSR systems, CO2 emissions would be 
reduced by 10.5 MMT, or 0.49% of the estimated US passenger transportation sector CO2 
emissions in 2050. Under a different set of assumptions where auto travel declines steadily, 
air travel remains stable, vehicle fuel efficiency increases, carbon in fuel decreases, travel 
costs increase, and air and auto travel shifts to HSR in similar percentages as experienced in 
Europe, we find that CO2 emissions would be reduced by 5.7 MMT. This equates to a 1.1% 
reduction in passenger transportation sector CO2 emissions in 2050. While the calculations 
we present are based on a number of assumptions, they show that under a range of 
reasonable assumptions HSR can make a contribution to carbon reductions. 

Our work also illustrates the need for better data to evaluate HSR. Many of the assumptions 
we made were necessary because auto intercity travel data are sparse, fragmented, and 
incomplete. Given the amount of funding that HSR would require, the cost of a good travel 
data set (or data sets for each corridor/regional) seems relatively trivial. This should be a 
high priority for all involved. This need extends to better modelling of the modes competing 
with HSR, as well as the carbon intensities of fuels and electricity. As we showed, many 
factors that could vary by a factor of two or more among similar projections could raise or 
lower the net changes in CO2 emissions from HSR. Other assumptions could be refined 
greatly on a corridor-by-corridor basis. Here too, future work will require careful data 
collection as well as projections into the future, particularly as train technology and speeds, 
occupancy, electric sector emissions, etc could vary significantly around the US.  

Finally, we need to emphasize that the target year, 2050, is not that far away taking into 
account the time needed to plan, fund and construct major transport infrastructure facilities. 
Forty years is about the same as the time needed to plan and complete the Interstate 
Highway System. To enable CO2 reductions such as those described in this paper by 2050 
requires planning for high-speed rail lines to continue at a brisk pace, and construction to 
begin in the near future. And we emphasize again that many factors will determine the 
success of HSR in the US, with lower CO2 emissions a welcome co-benefit but not the 
driving factor (25). 



Kosinski et al. High Speed Rail and CO2. TRB 2011 

 
 

19 

Acknowledgments 

This paper was supported with funding from the Institution for Transport Policy Studies of 
Tokyo, Japan. 

References 

(1) US Department of Transportation (US DOT). 2001 National Household Travel Survey 
(NHTS). Bureau of Transportation Statistics. Washington, DC. 2002. 

(2) Federal Aviation Administration (FAA). Passenger Boarding (Enplanement) and All-
Cargo Data for U.S. Airports – T-100 database. Washington DC: US Department of 
Transportation (US DOT). 2009. 

(3) US Department of Transportation (US DOT). 2009 National Household Travel Survey 
(NHTS). Bureau of Transportation Statistics. Washington, DC. 2009. 

(4) U.S. DOT, Federal Railroad Administration. Vision for High-Speed Rail in America, 
Washington, DC. 2009. 

(5) Federal Aviation Administration (FAA). FAA Aerospace Forecasts Fiscal Years 2009-
2025. Washington, DC: US Department of Transportation (US DOT). 2009. 

(6) Energy Information Administration (EIA). Annual Energy Outlook 2009. Washington, 
DC. 2009. 

(7) Schipper, L, Ng, W-S, Gould, B & Deakin, E. Carbon in Motion 2050 for North America 
and Latin America. Prepared for the Institute for Transportation Policy Studies, Japan. 
Berkeley, CA: Global Metropolitan Studies, University of California. 2010. 

(8) Federal Railroad Administration. High Speed Ground Transportation for America. 
September 1997. 

(9) Preston, J. The Case for High Speed Rail: A review of recent evidence. London: Royal 
Automobile Club Foundation for Motoring, Report number 09/128. October 2009. 

(10) De Rus, G & Inglada, V. Cost-benefit analysis of the high-speed train in Spain. The 
Annals of Regional Science, No. 31, 1997, pp. 175–188. 1997. 

(11) European Cooperation in the field of Scientific and Technical Research. Interaction 
between High Speed and Air passenger Transport, interim report, European 
Commission, Directorate General of Transport. 1996. 

(12) Bonnafous, A. The regional impact of the TGV. Transportation, No. 14, 1987, pp. 127-
137. 1987. 

(13) Mezsler, D. 2010. Documentation of Fuel and Carbon Intensity Assumptions for the 
Americas. Baltimore: Meszler Associates & Washington DC: International Council on 
Clean Transportation. 2010. 

(14) Babikian, R, Lukachko, S & Waitz, I. The historical fuel efficiency characteristics of 
regional aircraft from technological, operational, and cost perspectives. Journal of Air 
Transport Management, 8(6): 389-400. 2002. 



Kosinski et al. High Speed Rail and CO2. TRB 2011 

 
 

20 

(15) Chester, M & Horvath, A. Life-cycle assessment of high-speed rail: the case of 
California. Environ. Res. Lett. 5 (January-March 2010) 014003. 2010. 

(16) Tanaka, Y., Thompson, L., Schipper, L., Kosinski, A., Deakin, E. Analysis of High-
Speed Rail’s Potential to Reduce CO2 Emissions from Transportation in the United 
States. Presented to the 2010 WCTRS, Lisbon Portugal. 2010. 

(17) Noda, T. The Tokyo Shinkansen and Superconducting Maglev. Presentation at the 
WCTRS Workshop, Nagoya, Japan. November 13 & 14. 2009. 

(18) IEA. CO2 Emissions from Fuel Combustion, 2009 Edition. Paris, France: International 
Energy Agency. 2009. 

(19) US Department of Energy (US DoE), Energy Information Administration (EIA). See 
http://www.eia.doe.gov/fuelelectric.html for data on the electric power system. 2010. 

(20) US Department of Energy (DoE), Energy Information Administration (EIA). Annual 
Energy Outlook (and supplementary tables). Washington, DC. 2009. 

(21) Thompson, Galenson and Associates (TGA), private communication. 2010. Data 
collected for the ITPS on operating parameters (occupancy, speed, electricity use, etc) 
of existing HSR systems. 

(22) Flyvbjerg, B., Bruzelius, N. & Rothengatter, W. Megaprojects and Risk: An Anatomy of 
Ambition. Cambridge: Cambridge University Press. 2003. 

(23) Andersson E & Lukaszewicz P. Energy consumption and Related Air Pollution for 
Scandinavian Electric Passenger Trains. Report KTH/AVE 2006:46. Royal Institute of 
Technology, Stockholm, Sweden. 2006. 

(24) Davis, S., et al. Transportation Energy Data Book. Oak Ridge: Oak Ridge National 
Laboratory. 2009. 

(25) Nash, C. When to Invest in High Speed Rail Links and Networks? Proceedings of the 
18th Annual Transport Research Forum (Madrid). Paris: International Transport Forum, 
OECD. 2009. 


