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)

METHODOLOGY TO BE EMPLOYED IN )
DETERMINING THE RAILROAD INDUSTRY'S ) Ex Partc No 664

COST OF CAPITAL )

. )

COMMENTS OF THE

ASSOCIATION OF AMERICAN RAIL.ROADS

Pursuant to the revised schedule established by the Board’s decision scrved
August 31, 2007, the Association of Amcnican Railroads (“AAR™) and i1ts members respectlully
submit these Comments 1n response to thc Notice served n this proceeding on August 20, 2007

(“Notice™ ' AAR also submuts 1n support of these Comments

(1) a Venfied Statement of R Glenn Hubbard, Dean, Columbia School of
Busincss, and Brucc E Stangle, Chairman, Analysis Group, Inc

(“Hubbard-Stangle VS ™),

2) a Venfied Statement of Stewart C Myers, Robert C Merton (1970)
Professor of’ Financial Economics at MIT Sloan School of Management

(*Mycrs VS ™), and

(3) areport to AAR prepared by Cambndge Systematics, Inc, National Rail

Freight Infrastructure Capacity and Investment Study (Scptember 2007)

"' On August 20, 2007, s1x days after service of the onginal Notice, the Board 1ssucd a “Corrected
Decision” which incorporated changes to the onginal Notice made 1n a scparate decision served
on August 14, 2007, and made corrections to Tables | and 2 of the onginal Notice Sec STB Ex
Partc No 664, Corrected Decision served August 20, 2007  Unless otherwise noted, all
references to the Board's Notice in this proceeding will be to the Corrected Decision served on
August 20, 2007



INTRODUCTION AND SUMMARY

The Notice proposes a radical change n the cost of capital methodology that—as
the Board acknowledges—both 1t and its predecessor, the Interstate Commerce Commussion
(*1CC™). have uscd for more than a quarter of a century, and a radical downward reduction n the
resulting cost of capital valuc  See Notice at 2 (acknowledging that ICC settled upon the
discounted cash flow (“DCF™) modecl 1n 1982 “|a]fter considerable public discourse™) There 1s

no basis for such a dramatic change

The Board’s Notice proposes to abandon its (and the ICC’s) longstanding rcliance
on the DCF model and, instcad, adopt the Capital Asset Pricing Model (“*CAPM™) to determine
the cost of equity Such an approach, 1f adopted wath the particular input values that the Board
also proposes, would have resulted 1n a reduction 1n Board’s calculation of the railroad industry’s
estimated cost of equity for 2005 of approximately 45 percent. and a reduction in the weighted
average cost of capital for 2005 of approximately 39 percent Indeed, under the Board’s
proposal, the cost of equity would be cven lower than the level that the shipper participants 1n
this proceeding have been advocating. If the Board's proposed new cost of capital methodology

had been in effect for the past few years, several of the major U S railroads would have been

Jfound revenue adequate for one or more years, and the others would appear to be well on their

way

Onc would have expected that a change of coursc so far-rcaching and
unprecedented would be supported by transparent and readily auditable calculations and
workpapers, and a thorough analysis of its cconomic justification and consequences This 1s
particularly true now, given the potential cffect of the Board’s proposal on future revenue
adequacy deterrmnations, and thc cnormous stakes for the American economy 1n the financial

health of the railroad industry A finding of rcvenuc adequacy 1s not merely an academec



conclusion Railroads found consistently to be revenue adequate over a sustmned peniod are
subject to greater regulatory constraints over pricing 2 Adoption of an erroneously low cost of
capital therefore could have major implications for the railroads’ financial health As the ICC

found in 1981,

investments carming less than the cost of capital will, 1in general, not maintain
existing funding nor obtain ncw funding because investors will have sufficient
opportunitics to nvest their funds elsewhere at a higher rate of retum It 1s
extremely important to add, howcver, that this 1s true of funds gencrated internally
as well Railroad management has little incentive to reinvest funds generated by
ratepayers n continucd rail uscs if greater retums arc available elsewhere
Railroads are pnivate compames whose stockholders would not permit such
reinvestment Thus, even retamed carmnings will not be invested i the company if
they cannot carn a rate of rcturn equal to the cost of capital
Ex Partc No 393, Standards for Railroad Revenue Adequacy, 364 1 C C 803, 810 (1981), aff'd
sub nom Bessemer & Lake Eric R Co v United States, 691 F2d 1104 (3d Cir 1982), cert
demed, 462 US 1110 (1983) And damagc to the railroad industry’s financial health would
threaten the Amencan economy as a whole, given the amounts that the industry must invest 1n

infrastructure expansion to kcep up with projected growth 1n freight traffic volume over the next

30 ycars

The Notice, however, failures cven to acknowledge thesc 1ssucs  Moreover, as

cxplained 1n more detail below and the supporting statements of Dean Hubbard/Dr Stangle and

? The cost of capital 1s also an important mnput to the Board’s regulatory costing system for
rallroads, the Uniform Rail Costing System (“URCS") A dramatic reduction 1n the weighted
average cost of capital would decrease the vanable costs calculated by URCS This in tum
would thrust above the junsdictional threshold a number of freight movements now below the
180 percent revenuc-to-vanable cost ratio, and therefore outsidc the Board’s jurisdiction A
major reduction 1in the weighted average cost of capital would also increase the reported
revenue/vanable cost ratios of traffic that 1s already above the 180 percent threshold This would
increase the amount of traffic subjcct to ratc cases and the size of the rate relief the Board could
order 1n rate cases



Professor Myers, 1t 1s not fully clear, even to such cxperts, how the Board dernived some of the

values underlying its proposed cost of equity and resulting cost of capital calcutations

Analysis of the best method for estimating the cost of capital (particularly the cost
of equity) for railroads must begin with two fundamental realities. First, all available methods of
modcling the railroads’ cost of equity are simplifications of rcality, and inherently imprecise and
uncertain The return demanded by equity investors cannot be observed directly, and can only be
approximated by inference from histonical or other indirect evidence. Sccond, the harms of
underestimating the railroad industry’s actual cost of capital are likely to be large Meeting the
growing demand for rail transportation of freight 18 cstimated to require about $150 billion 1n
investment 1n network infrastructure over the next 30 years Cambndge Systematics, Inc,
National Rail Freight Infrastructure Capacity and Investment Study (Scpt 2007) (“Systematics
Rcport™)(appended hereto) Without earnings sufficient to cover the industry’s full cost of

capital, much or most of the necessary investment will not be made

The generally accepted method of cstimating the cost of capital 1s to consider a
range of probative data, reject the extreme values at cither end, and adopt a point value within
the resulting range  When, as here, the regulated firms need to make large capital investments on
additional infrastructure to meet anticipated growth in demand, the point cstimate should be

above the median of the range

The attached venfied statements of Dean Hubbard/Dr Stangle and Professor
Myers explain how these principles could be applied for two 1llustrative years, 2005 and 2007
Both the CAPM and the DCF, when run with gencrally aceepted and cconomically sensible input
values, producc cquity cost cstimates for the four largest United States railroads 1n the range of
8 8 to 13 1 percent for December 2005, and 10 5 to 16 6 percent for September 2007 Given (1)

the inherent imprecision of both the CAPM and DCF models, (2) the massive investment 1n

v



additional network infrastructure that the railroad industry must make to meet expected growth
in demand 1n the next three decades, (3) the directive of Congress to the Board to ensurc
revenues that arc adequate to attract and retain needed investment capital, and (4) the potentral
harms to shippers and consumers 1f the railroads were prevented by regulation from recovenng
their cost of capital, the appropnate cost of equity for these two years (or any other years) would
be between the midpoint and the upper end of the range produced by the CAPM and DCF
models when run with appropniatc inputs Hubbard/Stangle VS 9 8-12, Myers V S at 3-4, 7-8,

14-15

Regrettably, far from adhering to the above approach, the Board has proposed a
mcthodology that 1s both unsupported and overly restnctive First, despite the suggestion n the
Notice that the underlying bases for the Board’s calculations of the cost of equity and cost of
capital 1n Tables | and 2 can be found 1n the workpapers the Board has made available, that does
not appear to be so  For examplc, the workpapers fail to describe the formula and data that the
Board used to calculate the market nsk premium — a critical element of its CAPM calculations
Moreover, the workpapers arc not fully functional and do not properly indicate the sources of
their mputs The incomplete and 1nadequate nature of the workpapers 1s inconsistent not only

with thc Admimistrative Procedure Act, but also with the Board’s own standards

Second, even the ncomplete information disclosed about the inputs and
assumptions underlying the Board's proposed model makes clear that they almost certainly
understate the railroads’ actual cost of capital Rather than adopt a point estimate within the
range of estimates produced by running the model with standard input values, the Board has
adopted outhers For each key input vanable of the CAPM, thc Board appcars to have
systematically choscn an input value at the low end, or below the low end, of the reasonable

range [n particular



e The Board has used onc value for the constant term for nsk-free return, and a
different value to subtract from stock market rcturns in determining the market nsk
premium This 1s a mismatch and an inconsistency The same nisk-free return should
be used 1n both places

e The Board’s CAPM calculations assume a 50-year period for purposes of determining
a market risk premium, contrary to the standard approach of using a time period that
gocs back as far as possible in order to minimiz¢ measurement crror 1n the cstimates
Consistent with the standard cconomic approach, the Board should use a time penod
that goes back as far in time as possible — for example, beginming in 1926 to the
present, which 1s the approach used in the Ibbotson calculation of long-term cquaty
nsk premium (on which WCTL’s witness relied in his previous testimony) When
such a time period 1s used, a reasonable estimate of the market nsk premium falls
withn the range of seven to eight percent

e The ten-year penod usced by the Board to calculate beta 18 contrary to the standard
cconomic approach of using five years of weekly or monthly data, 1n order to reflect
the fact that betas change Thus, the Board should use a five-year penod This would
produce a reasonable estimate of beta for the railroad industry falling within the range
of 1 0 or more, not 0 8

The resulting cost of equity and weighted average cost of capital cstimates
denived by the Board from its analysis are far below any rcasonable estimate of the cost of equity
using either the CAPM or the DCF methodology Indeed, the values obtained by the Board are
below even the low end of the range of values proposed by shipper groups, such as the Westemn
Coal Traffic League (“WCTL™), in their 2006 comments 1n this proceeding  For example, the
Board’s calculations of cost of equity and cost of capital for 2005 under the CAPM were 8 4
percent and 7 5 percent. respectively—both of which figures are lower than the 1041 percent
cost of cquity and 8 87 percent cost of capital that the WCTL calculated using the CAPM
Compare Notice at 7-8 (Tables 1 and 2) with Reply Comments of WCTL filed April 28, 2006, in

Ex Partc No 558 (Sub-No 9), at 2

Moreover, the Board has climimnated an obvious reality check on the CAPM
results by arbitranly excluding any considcration of the results of DCF estimates of the cost of

cquity The reasons offered by the Board for refusing to consider the DCF do not withstand



scrutiny, and are at odds with the mainstream of current cost of capital analysis The Board’s
refusal to consider DCF results 1s particularly indefensible 1n view of the evidence that, 1f the
DCF and CAPM methods are done properly, the results of the two methods should be roughly
equivalent — as participants 1n this proceeding have acknowledged Unsurpnsingly, multiple-
stage DCF models, when run with generally accepted input values, also produce equity cost
estimates that are consistent with the range of values that the CAPM produces with proper

inputs Hubbard/Stangle VS 98,45, Myers VS at 12-13

Given the scnious concerns identified with the Board's proposals, and the
importance of a proper determination of the cost of capital to the railroad industry’s health and
ability to fund needed investments, “getting it right™ 1s critical Accordingly, AAR requests that
once Reply Comments have heen filed, the Board hold a hearing to consider the views of all

partics and to hear dircctly from the experts who have commented on the proposals

ARGUMENT

I THE BOARD’S STANDARDS FOR ESTIMATING THE COST OF EQUITY
CAPITAL SHOULD ACCOUNT FOR BOTH THE IMPRECISION OF
AVAILABLE COST OF CAPITAL MODELS AND THE SIGNIFICANT HARMS
LIKELY TO RESULT FROM UNDERSTATING THE RAILROAD INDUSTRY’S
ACTUAL COST OF CAPITAL.

A. All Aviailable Methods Of Modeling The Railroads’ Cost Of Equity Are
Inhcrently Uncertain And Imprecise.

In principle, the task before the Board 1n estimating the cost of equity of the
railroad industry 1s straightforward to csttmatc the forward-looking rcturns on cquity that
investors currently demand for investments of comparable sk FPCv Hope Natural Gas Co,
320 US 591, 603 (1944) (“[T]he return to the equity owner should be commensurate with

returns on nvestments 1n other enterprises having corresponding nsks™), Petal Gas Storage,



LLC v FERC, ___ F3d __ (No 04-1166) (DC Cir Aug 7, 2007), slip op at 5 (quoting
Canadian Assn of Petroleum Producers v FERC, 254 F 3d 289, 293-94 (D C Cir 2001) (“the
return to the equity owner should be commensuratc with rcturns on investments 1n other

enterprises having corresponding risks"))

In practice, however, estimating the returns demanded by investors 1s inhcrently
Judgmental and uncertain The fundamcental problem 1s that the mimmum return on investment
needed to attract and retain adequate equity imvestment cannot be observed directly, and can only
be inferred from circumstantial cvidence Myers VS at 2 The DCF methodology infers the
minimum rcturn demanded by equity investors by projecting the future stream of dividends from
an cquity investment, and determining the discount rate nceded to reduce that stream of future
cash flows to a present value equal to the current market price of the stock Id at4 By contrast,
the CAPM mcthodology calculates the return demanded by equity investors as the retumn
demandcd by investors for risk-free investments plus the nsk premium for the particular equity
investment Id at 5 The latter 1s calculated “by companng the expected return on that
investment with the expected return on the entire stock market ™ Robert S Pindyck and Damel

L Rubinfield, Microeconomics (6™ cd 2005) See Notice at 2-3

Although both DCF and CAPM are widely accepted methods of estimating the
cost of equity, both modcls—Iike all cost of equity models—are simphifications of reahty, and
should not be assumed to be more precise and reliable than they actually are  Hubbard-Stangle
VS 1 13-19, Myers VS at 3, 5-8 The Board has cmphasized in its Notice that, when the
short-term growth in eamings projected by analysts exceeds the long-run growth ratc of the
economy, an analyst using thc DCF method must make assumptions about the path at which

investors expect the former to converge to the latter  Since this convergence, by definition, will



not occur until a number of years 1nto the future, the predictive nature of this assumption 1njects

unccrtainty into DCF estimates See Notice at 4-5

But the assumptions underlying the CAPM involve at Icast as much judgment and
uncertainty as those underlying the DCF modcl Sec 1d at 6 (“we must make judgment calls
whether we usc a multi-stage DCF or CAPM model™) The Board recognized in its Notice that
although the theory underlying CAPM may be “simple and intuitive,™ the actual development of
a particular CAPM modecl “can be complex and still requires the exercise of judgment ™ Jd. at 2
As detailed below, the CAPM model proposed by the Notice makes a number of subjcctive, and
unrealistic or unprovcable, assumptions regarding the nputs for the model, including
assumptions regarding the appropniate time peniods for determining the market risk premium and
beta Available estimates of beta often have standard errors equal to 60 percent or more of the
estimated values Academics have described the market nisk premium as a “big guess ” Many of
the assumptions about mvestor and market behavior underlying CAPM arc simplistic or
unproven And the empincal track record of CAPM 1n predicting actual stock prices 1s poor

See generally Section 1V, infra, Hubbard-Stangle VS Y 14-19, Myers V S at 3, 5-8

B. The Consequences Of Underestimating The Railroads® Cost Of Capital Are
Especially Severe Now Because Mceting The Anticipated Growth In Demand
For Freight Transportation Will Require Nearly $150 Billion of Investment
In Network Infrastructure Over The Next 30 Years.

About $148 hillion must be tnvested to cxpand the Nation’s freight railroad
infrastructure over the next three decades to provide capacity adequate to meet future demand
This amount 18 1 addition to the approximately $5 billion needed to replace cxisting assets as
they wear out  Cambridge Systematics, Inc , Nanional Rail Freight Infrastructure Capacity and
Investment Study (Sept 2007) (“Systcmatics Report™), ch 7 and 8 Dcmand for rail freight
transportation, measurcd 1n tonnage, 1s expected to increase 88 percent by 2035 /4, passim

“Without this investment, 30 percent of the rail mles 1n the primary railroad cormdors will be

-0.



operating above capacity by 2035, causing scvere congestion that will affect every region of the
country and potentially shift freight to an already heavily congested highway system ™ I/d at ES-
2

Studies by the Department of Transportation and others have reached similar
conclusions The DOT has predicted that demand for rail freight transportation will increase 55
percent by the year 2020, and thc Amenican Association of State Highway and Transportation
Officials (“AASHTO™) projects that freight tonnage will grow by almost 57 percent by that
time® Most Class 1 railroads have undertaken substantial capacity expansion and improvement
projccts 1n response to this growth in demand for rail service — and they will be called upon to
make increasing investments in faciliies in the coming years* In addition, the increasing
volume of rail traffic 1s resulting 1n more rapid deterioration of, and need to replace, existing rail

facilities

Moreover, 1f railroad capacity falls short of demand, other modes of
transportation are unlikely to pick up the slack Railroads are the only transportation industry
investing heavily in growing freight capacity Truckers arc not building or repainng roads to
handle traffic. Overnight air express carners are not buillding runways to handle their aircraft
And federal transportation funds arc woefully mnsufficient to pave our collective way out of the
transportation crunch As Undcrsceretary of Transportation Shane has testified before the Board,

there will not be a sccond “Eiscnhower highway plan™ lhike the massive interstate highway

3 Federal Highway Administration, Freight Analysis Framework (Oct 2002), FHWA-OP-03-006
(R), available at www ops fhwa dot gov/freight/documents/fafa overview pdf, Amencan

Association of State Highway and Transportation Officials, Freighi-Rail Bottom Line Rcport,
at 2 (2003).

* Sce, ¢ g, “Rails Say Capital on Track,” Traffic World, March 27, 2006, at 31 (“The nation’s
biggest rail carmers will expand their capital spending 21 percent [in 2006], investing $8 billion
on rail cars, track and facilities to keep up record volume growth and improve service™)

= 10 -



program that Congress enacted in the 1950°s ® In this environment, regulators nced to take care
to avoid creating disincentives to rail transportation investment by the pnivate scctor As the
Board has stated, *‘Government action that would discourage private investment 1n infrastructure
without providing altcrnative funding would degrade rather than improve service, and plainly

would be 1rresponsible ™

5 Sce Testimony of Jeffrey N Shane, Under Secretary of Transportation For Policy, at Apnl 11,
2007, heaning 1n Ex Parte No 671, Raul Capacity and Infrastrcture Requirements See also
Statement of Jeffrcy N Shane Before thc Committcc on Transportation and Infrastructure,
Subcommuttee on Highways and Transit, U S House of Representatives, Jan 24, 2007 (available
at http //testimony ost.dot gov/tcst/shanel htm) (“How will our transportation system handle
these demands? We certainly do not plan to more than double the number of lanes-miles of
highways Lane-miles of highways have increased by only 5 3 percent over the past 24 ycears,
and an extrapolation to 2050 suggests that highway capacity will only increase by 10 percent by
that year™)

% Joint Petition For Service Order, STB Service Order No 1518, 3 STB 28 (1998), 1998 WL
63520 (S T B), at *4 (rejecting proposal to forcc UP/SP to transfer vanous yards and track to
Tex Mex and a switching railroad. becausc proposal would “plainly act as a disincentive to
UP/SP’s investment in the Houston area™) Sec also. ¢ g, Arkansas and Missourt RR Co v

Missourt Pacific RR Co .8 1CC 2d 567, 578 (1992) (rgjecting proposal to deny a return on
sunk investment, because such demal “would discourage future investment™), Adequacy of
Railroad Revenuc (1978 Detcrmination), 362 1CC 199, 226 (1979) (rejecting “status quo
capitalization ratc™ as a rate-of-return benchmark, becausc it would “discourage the making of
ncw investments In this time of concemn with the adequacy of rail revenue, we find 1t difficult to
understand how the maintenance of rail eamings at the status quo level could be an appropriate
goal”), Car Scrvice Compensation — Basic Per Diem Charges - Formula Revision In
Accordance With the Railroad Revitalization and Regulatory Reform Act of 1976, 361 1CC

189, 191 (1979) (r¢yecting “vintage approach™ for calculation of cost of debt, because “1t could
create a disincentive for new investment and efficient utilization™), Car Service Compensation —
Basic Per Diem Charges — Formula Revision In Accordance With the Railroad Rewvitalization
and Regulatory Reform Act of 1976, 358 1 CC 716, 761 (1977) (using inflated dollar growth for
calculating cost of cquity because using only a rcal growth rate would fail to recognize tnvestors’
opportumitics to obtain returns elsewhere that reflect inflationary conditions and expectations,
thus creating disincentives to freight car investment), Eric Bouwlevard Hydropower, L P, 120
FERC { 61,267 (Scpt 21, 2007), at para 91, 2007 WL 2758913 (FER C.), at * 22 (denying
request to include a condition 1n renewed license, because doing so would undercut licensee’s
certainty as to viabihity of project, “would consequently discourage investment in rcnewable
hydropower, and would be bad policy™), /n the Matter of Petition of Quest Corporation For
Forbearance Pursuant To 47 US C § 160(c) In the Omaha Metropolitan Statistical Area, 20
FCC Rcd 19415, 19468 & n265 (FCC allowed “forbearance™ from “unbundling”
requirements of Telecommumcations Act with respect to broadband, becausc requirements

=11 -



The progress of the ratlroad industry toward financial recovery since 1980
understandably may have caused memoncs to fade about the consequences of regulation-induced
revenue inadequacy The histoncal record, however, 18 clear Chronic revenue inadequacy 1n
the decades before 1980 ultimately caused two major Midwestern railroads (the Rock Island and
thc Milwaukcc) to go bankrupt, and the ratlroad industry in the Northcastern Umted States
(including the Penn Central, the Ene Lackawanna and the Rcading) to expenence *total
collapsc ™ Sce, e g, Bessemer & Lake Erie RR Co v ICC, 691 F 2d 1104, 1107-1108 (3d Cir
1982). cert denmied, 462U S 1110-1111 (1983) d Industry-wide rates of retum remained under 2

percent

To prevent such situations from recurmnng, Congress enacted the Ralroad
Rewvitalization and Regulatory Reform Act of 1976 (*4-R Act™) and the Staggers Rail Act of
1980 Both statutes substantially reduced the then-extensive junisdiction of the ICC over railroad
rates — which Congress found to be a major source of the railroads’ financial problems Equally
important, both statutes required the ICC to ensure that raillroads earned revenues “that arc
adequate, under honest, economical, and cfficient management, to cover total operating expenses

plus a reasonable and economic profit and return (or both) on capital employved in the
business " See, 49 U S C § 10704(a)(2) (cmphasis added). sec also Bessemer & Lake Erie R R

Co v ICC,691 F2d at 1107-1109°

would have created disincentives for Bell Operating Compames to make substantial investments
mn new fiber technologies)

7 Secalso,eg, HR Rep No 96-1035, 96" Cong, 2d Scss 87, 99 (1980), HR Rep No 94-
725, 94™ Cong , 1¥ Sess 54 (1975)

%S Rep No 96-470, 96" Cong , 1% Sess 3-4 (1979)

% Sce also, ¢ 2.S Rep No 94-595, o4'h Cong , 2d Sess 134 (1976) (Conference Report on 4-R

Act) (stating that Congress was cnacting the 4-R Act “to provide for an extensive overhaul of

railroad rate regulation by the Interstate Commerce Commuission™), S Rep No 94-499, 94"

Cong, 1* Scss 10 (1975) (stating that this “extensive overhaul™ was nccessary because
= [Pa



As the Commussion noted in 1981, denying a railroad “the pncing flexibility
nccded to obtain long-term revenue adequacy simply because that rallroad was making some
progress toward achieving that goal would be assigning the railroads the Sisyphean task of
working toward revenue adequacy, and every time 1t came close robbing it of the very means 1t
had used to get there ™ Ex Parte No. 393, Standards for Railroad Revenue Adequacy, 364 1C C
803, 809 (1981), aff'd sub nom Bessemer & Lake Ene R Co v Umited States, 691 F 2d 1104
(3d Cir 1982), cert demed, 462 U S 1110 (1983) This point bears recmphasis now, when the
mdustry must invest approximatcly $148 billion for infrastructurc cxpansion over thc next 28
ycars to meet projected growth in demand  An unrealistically low measure of the cost of equity
increases the odds that onc or more railroads will be found to be revenuc adequate, and thus the
likelthood that regulation will constrain the railroads’ earnings below the level needed to cover
the railroads’ cost of capital, and thus thc ability of the railroads to attract and retain the
investment capital needed to build the additional infrastructure required to meet the expected

growth 1n demand over the next 30 years

C. Given The Limitations Of Available Cost Of Capital Models, The Board
Should Consider A Range Of Estimates Of The Cost Of Equity, And Adopt A
Point Estimate Each Year Within The Middle Te Upper Portion Of That
Range.

The limitations and shortcomings of both the CAPM and DCF methodologies do
not mean that the Board should reject either model, the CAPM and DCF appcar to be the best
equity cost models now available But the Board should treat the results of both methodologics
with caution, and without atinbuting a false degree of precision to either. As a responsible
rcgulator, the Board should (1) consider the results of all reasonable methods of cstimating the

cost of capital, without arbitranly cxcluding any rclcvant data points, (2) run cach modcl with

“[r]ailroad rcgulation has failed to assurc adcquate industry profits and rates of return and has
retarded the industry’s ability to compete with competitors™)

-13-



economically sensible inputs, and (3) base the values ultimately prescribed on a point estimate
selected from the middle to upper end of the range of reasonable estimates Hubbard-Stangle

VS 9Y8-12, 40,46, Myers VS at 3-4, 8, 14-15

Regulatory precedent supports this approach  Sce, e g, Composition of Proxy
Groups for Determining Gas and Oul Pipeline Return on Equity, 120 FERC § 61,068 (July 19,
2007), 2007 WL 2064673 (FER C), at *1 n 3 (FERC “generally sets pipelines’ return at the
median of the range™ of average risk), Kern River Gas Transmission Co , 117 FERC 4 61,077,
para 170 (“Although  parties may present evidence to support any return on equity that 1s
within the zone of reasonableness, [u]nless a party makes a very persuasive case in support of
the need for an adjustment and the level of the adjustment proposed, the Commuission will set the
pipelines’ return at the median of the range of reasonable returns™), Refinement of Procedures
and Methodologies for Represcribing Interstate Rates of Return for AT&T Communications and
Local Exchange Carriers, 5 FCC Recd 197, 198 (1989) (allowing partics to “‘submut cost of
equity analyses using any reasonable method, provided they include all underlying
assumptions™), Adequacy of Ratlroad Revenue (1978 Determination), 361 | C C 79, 94 (1978)
(dctermiming the current cost of cquity capital for the Nation’s railroads by “[clhoosing the

approximate midpoint™ of the results of the market value studies presented) '°

Shippers have also agreed that the Board should consider all available data in
determining the cost of capital At the Board’s February 15, 2007, hearing. for example,
WCTL’s witness, James Hodder, an economust offered as an expert on cost of capital

methodologics, suggested using multiple methodologies to calculate the cost of capital " See

1 See also, e g. Devon Power Co, 104 FERC ¥ 61, 123, at p 61,419 (2003) (FERC “as a
general policy employs the midpoint of the zone of rcasonablcness as the appropnate rate of
return™ 1n calculating cost of equity)

' See Transcript of February 15, 2007, Heaning in Ex Parte No 664, at 95 (testimony of James
E Hodder) (“I would suggest you mandate a multi-phase DCF model™), Id at 96 (1 would

-14-



also Thomas Crowley VS 1n Ex Partc No 558 (Sub-No 9), Ratlroad Cost of Capital — 2005
(“Crowley V S ™), at 3 (A railroad industry COE using thc CAPM can be easily calculated using
publicly available data from reputable sources. That result can be vetted agamnst railroad

industry cost of equity prepared by independent sources™)

Moreover, when the regulated firm nceds to make large investments in additional
infrastructure, the prudent course for a regulator 1s to adopt a point towards thc upper end, not

the midpont, of that range '*

suggest that you mandate a second estimation methodology based on some asset pricing model,”
including either CAPM, Fama-French, or arbitrage pncing theory “The basic 1dea here 1s that
all three of thesc modcls arc similar 1n the sense that they tocus on first, a nsk-free return, which
includes both a real return and an inflation adjustment  [[]n the end, you should get out similar
estimates™), id at 97 (“The models are cstimating [the cost of equity] imperfectly But they
should converge™), :«d at 98 (*1if the mnputs used across the various models are consistent with
each othcer, [the] difference [1n the cost of capital estimates] should be modest™)

2 See, ¢g, Myers VS at 3-4, 8, 14-15, American Eleciric Power Service Corp , Order on
Rchearing, 118 FERC q 61,041 (2007), 2007 WL 178590 (F ER C), at *9 (finding, as part of
dccision to approve incentive rate treatment for utility, that rctumn on cquity at upper end of zone
of reasonableness 1s appropniate to attract investment, since length, scope, and multi-state naturc
of proposed project presents substantial nisks), Promoting Transmission Investment Through
Pricing Reform, Order No 679, 116 FERC 4 61,057 (2006), 2006 WL 2039629 (FER C), at
*22 (establishing pohicy of allowing, when justified, an incentive-based ROE to all public
utilities for new investments in transmussion facilitics that benefit consumers by ensuring
rehiability or reducing cost of delivered power by reducing transmission congestion, and holding
that FERC will approve an ROE at upper end of zone of reasonableness for new infrastructure
investments that otherwise meet requirements of new cnergy statute), In the Matter of Tele-
Media Co of Virgimia, Appeal of Local Rate Order, 15 FCC Red 4351, 4358 (2000) (in
determining rates for cable operators, FCC has 1dentified a zone of reasonableness for cost of
capital and set rate of return of 11 25%. at the upper end of the range, so that opcrators could
attract capital needed to provide regulated cable service and cxpand their regulated offenings),
Implementation of Sections of the Cable Television Consumer Protection and Competition Act of
1992 Rate Regulation, Report and Order and Further Notice of Proposed Rulemaking, 9 FC C

Red 4527, (1994) (same, citing FCC's “desire to encourage mfrastructure development” as
reason for prescnbing return toward upper end of zone of reasonableness), Enstar Gas Co,
Regulatory Commussion of Alaska, Order No 12 dated August 8, 2002, 2002 WL 32166739, at
*15 (prescribing return on equity that 1s at upper end of range proposed 1n the record, “to reflect
confidence in ENSTAR’s management practices and to assure an incentive for capital investment
in the company™). Green Mountain Power Corp , Vermont Public Service Board Docket No
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Il THE BOARD HAS FAILED TO PROVIDE A CLEAR AND TRANSPARENT
METHOD FOR DETERMINING THE COST OF EQUITY.

The Board has stated that one of its pnmary objcctives 1n revisiting its calculation
of the cost of capital 1s “to adopt a fixed and transparcnt methodology upon which railroads and
the public can rely ™ Notice at 8, :d at 6 (CAPM modcl applicd by Federal Reserve Board 1s

“simple and transparent”) The STB's CAPM calculations, howcever, are far from transparent

Although the Notice suggests that the underlying bases for the Board's
calculations of the cost of equity and the cost of capital in Tables 1 and 2 can be found n the
workpapers 1t has made available (sec Notice at 7 n 14), that does not appcar to be the case For
cxample, the formula and data used to calculate the market nisk premium do not appear in the
Board's electronic workpapers, as produced to the AAR on August 20, 2007 In particular, the
Board has not fully explained or provided any supporting data underlying 1ts assumed market
nisk premium of 52 percent Although the text of the Appendix (at 11) indicates that the 5 2
percent value 1s based on “monthly New York Stock Exchange (NYSE) data over a 50-year
pertod,” the STB’s electromic workpaper entitled “COC CAPM workpaper xIs,” Sheet 1,
contains only a hard-coded entry of 5 2" for cach ycar 1n the analysis, with no indication of how
that figurc was denved " Likewse, the value of beta proposed by the Board also lacks proper
workpaper support While the Board provided the results of the regression analyses, the source

data used to run the regressions were missing Despite requests from the AAR for additional

5983, Order dated February 27, 1998, 1998 WL 216535 (Vt P S B ) (adopting cost of equity at
upper end of range provided, which accounts for investment nisk)

' The AAR's expert witnesses, including Icading authoritics on the cost of capital, believe that
they have been able to replicate, or come closc to replicating, most 1f not all of the Board's
calculations But thcy were able to do so only through informed speculation and through the
AAR’s purchasc of costly proprietary data that are not readily available to the public Parties
lacking access to these propnctary data will not be able to reproduce, or even fully understand,
the Board’s CAPM calculations
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data, the Board’s Staff has indicated that no additional workpapers or related information will be

provided beyond that set forth in the workpapers

The failure of the Board to provide complete workpapers ts contrary to its
obligation under the Admumistrative Procedure Act to provide adequate notice and “give
interested persons an opportunity to participate in the rule making through submission of written
data, views, or arguments ™ See SUS C § 553(¢) The D C Circuit recently has reiterated that
an “[1]ntegral” part of the APA's requirements “i1s the agency's duty ‘to identify and make
available technical studies and data that 1t has employed 1n reaching the decisions to propose
particular rules **!'* As the D.C Circuit stated, an “agency commuts serious procedural error
when 1t fails to reveal portions of the technical basis for a proposed rule in time to allow for
meamingful commentary *'* Hence, the APA forbids an agency from basing a rule on data “that,
[1n] cntical degree, 1s known only to the agency™ ntself ' The Board’s denvation of the market
risk premium 1s a cntical element of its CAPM calculation, and the Board™s failure to explain
that derivation and provide the underlying data (or at least make 1t available for review by

interested parties) 1s a cnitical flaw in the Board's decision

'* Owner-Operator Independent Drivers Ass'n, Inc v Federal Motor Carrier Safety Admin . 494
F3d 188, 199 (DC Cir 2007) (“O0IDA™), quoting Solite Corp v EPA, 952 F 2d 473, 484
(D C Cir 1991). (and cascs cited thercin)

'* Id , quoting Connecticut Light & Power Co v NRC, 673 F 2d 525, 530-31 (DC Cir 1982),
sec Chamber of Commerce v SEC, 443 F 3d 890, 899 (D C Cir 2006). see also Air Transp
Ass'n of Am v FAA, 169 F3d 1. 7 (D.C Cir 1999) (the “*most critical factual material that 1s
uscd to support thc agency's position on review must have been made public in the proceceding
and exposed to refutation™) (quoting Association of Data Processing Serv Orgs v Bd of
Governors of the IFed Reserve Sys ., 745 F 2d 677, 684 (D C Cir 1984) Accord, OOIDA, 494
F 3d at 204 (“[w]hen an agency uses a computer model, it must ‘cxplain the assumptions and
methodology used in prepanng the model™) (quoting U'S Awr Tour Ass'n v FAA, 298 F 3d 997,
1008 (D C Cir 2002) and Small Refiner Lead Phase-Down 1ask Force v EPA, 705 F 2d 506,
535 (D C Cir 1983))

' Time Warner Entertainment Co, 1.P v FCC, 240 F.3d 1126, 1140 (DC Cir 2001),
guoting Community Nutrition Institute v Block, 749 F 2d 50, 57 (D C Cir 1984) and Portiand
Cemcnt Ass'n v Ruckelshaus, 486 F 2d 375,393 (D C Cir 1973)
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Here, the Board's bnef description of 1ts implementation of the CAPM modcl
(Notice at 10-11) fails to satisfy i1ts own standards goverming evidentiary submissions by parties
The Board has admonished parties appearing before 1t 1n rate cases that if an “evidentiary
presentation relies on supporting matenals (workpapers or electronic spreadsheets), references to
thosc matcrials must be included 1n the textual presentation with sutficient specificity to allow
quick access to the referenced materials  Unreferenced supporting matenals (or broad, general
references to the workpapers) will not be considered™ STB Ex Partc No 347 (Sub-No 3),
General Procedurcs For Presenting Evidence In Stand-Alone Cost Rate Cases, shp op at 4
(served March 12, 2001) But the Board’s Notice 1n this casc contains only one fleeting

rcference, 1n a footnote, to the spreadsheets containing 1ts proposed implementation of CAPM

Moreover, the workpapcrs provided by the Board are not fully functional and do
not properly indicate the sources of their inputs  These spreadsheets would not be regarded as
acceptablc workpapers 1n an evidentiary submission by a party The Board has reminded partics
before 1t that “in order to fully evaluate the evidence, we must be able to access and manipulate
all sprcadsheets If a spreadshect does not function (¢ g , will not recalculate), the party filing the
defective sprcadsheet runs the nsk that i1ts evidentiary presentation will be treated as incomplete
and ultimately unpersuasive We emphasize the importance of spreadsheet links being
functional and documented.”™ General Procedures For Presenting Evidence In Stand-Alone
Cost Rate Cases, slip op at 4-5, see also STB Docket No 42072, Carolina Power & Light Co v
Norfolk Southern Ry Co, shp op at 77-78, 121, 130 (scrved Dec 23, 2003) (disregarding
electronic sprcadsheets containing only hard-coded figures that could not be venfied, accepting
only costing formulas that could be replicated and venfied), STB Docket No 42069, Duke

Energy Corp v Norfolk Southern Ry Co , ship op at 59 n 71, 90 (secrved Nov 6, 2003) (same,
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stating that “thc Board must be able to venfy the procedures used to develop such [electromic]

evidence”)

Fmally, thc Board has stated, “the source of all values 1n a sprcadshcet must be
readily apparent If a source 18 not identificd partics run the nsk that we will assume that the
value 15 unsupported.” General Procedures For Prescnting Evidence In Stand-Alone Cost Rate
Cases, ship op at 5 (footnote omitted) In this casc, as noted above, no source 1s shown 1in the
workpapers for thc Board’s assumed market risk premium of § 2 percent, and 1ts calculation 1s

not fully cxplained 1n the Notice or Appendix

The Board’s incomplete and madequate workpapers are also inconsistent with the
Board’s own information quality standards See STB Ex Parte No 587, Information Quality
Guidehines (served Oct 1, 2002) Those Guidelines state that scientific or statistical information
disseminated by the Board “should be presented with supporting data and modcls to allow
mtended uscrs or qualified third parties to assess the objectivity of information sources ™ Id at
3 When that 13 not possible (for cxample. because of trade secrets or privacy concemns), “the
STB will apply cspecially ngorous robustness checks, and at a mimmum, ndicate specific data

sources, quantitative methods, and assumptions used ™ Id (emphasis added)

Most importantly, the Guidclines provide that when the Board disseminates
analytical results that are “likely to be influecntial” (1 ¢, likcly to have an important effect on
governmental or private policies, or have important conscquences for specific industries or
firms), such results “must be capable of being substantially reproduced ™ Ild (cmphasis added)
Without the propnctary data descnibed above, the Board’s CAPM calculations cannot bc

reproduced

In this regard, the Board’s rehiance on undisclosed propnctary data underlying its

CAPM model bears an uncanny resemblance to the circumstances that caused the ICC to refuse
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to rcly on a similar CAPM model 1n Ex Parte No 436, Railroad Cost of Capital--1982, 367
ICC 662, 670 (1983). In that casc, thc AAR's cost of capital witncss, Professor Robert
Litzenberger, sponsored a CAPM model based on 51 ycars of data drawn from “a data base
provided by the Center for Research in Sccunty Prices [CRSP] at the Umversity of Chicago ™
Id at n 27 Finding that many of the assumptions underlying Dr Litzenberger's study “could
not be thoroughly analyzed 1n this procceding because of lack of access to underlying data,™ the
ICC held that “we do not beheve that the CAPM study can be used as the primary means of
dctermining the railroads' cost of equity * J/d, 367 IC C at 670 Except for the identity of the

cntity seeking to rely on the undisclosed data, the circumstances here are essentially identical

IlIl. THE BOARD HAS DERIVED AN UNREASONABLY LOW COST OF CAPITAL
ESTIMATE FROM THE CAPM MODEL BY USING UNREALISTICALLY LOW
INPUT VALUES.

Although most parties and the public will be unable to replicate or fully
understand the Board’s calculations, the limited and incompletc workpapers produced by the
Board make clear that the Board’s CAPM analysis 1s based on extremely (and arbitranly) low

1nput assumptions, as descnibed 1n the following sections

Although the Notice finds that thc CAPM 15 “supcrior™ to the DCF model as a
financial model and will address the Board's concerns regarding the accuracy of results produced
by the DCF model (Notice at 4-5), the Board's calculations under the CAPM are unrchable,
because the input values that it uses in the model are unrealistic  As a result, the estimates of
cost of capital under the CAPM that the Board has calculated in Table 2 of the Notice arc

unrcasonably low
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A. Risk-Free Return

The Board’s CAPM calculations purportedly assume a nsk-free retum of 4 25
percent for 2005, based on the 10-year T Bond rate See Notice at 10 (Appendix), STB
workpaper entitled “COC CAPM workpaper xlIs,” Sheet I The Board justifies this ten-year term
on the ground that the *10-year 1s the longest Treasury Bond that has been continually 1ssued ™
Id While this may be an acceptable approach, 1t 1s certainly not the only onc  Other reasonable
proxics for the nsk free rate include the short-term T-Bill and long-term T-Bond Hubbard-
Stangle VS 931 The Board should, at a mimmum, compare those threec benchmarks and make
a reasoned determination as to which appears to be most appropnate A reasonable estimate of
the nsk-free return, based on data for December 2005, 1s about 4 6 percent  Hubbard-Stangle

VS, Exh 3a
B. Market Risk Premium

The nputs uscd 1n the Board’s calculations of the market nsk premium under
CAPM are also flawed First, the Board assumcs a market nisk premium of 5 2 percent for 2005
See STB workpaper entitled “COC CAPM workpaper xIs,” Sheet 1 The Board states that it
calculated the 5 2 percent value using “monthly New York Stock Exchange (NYSE) data over a
50-year period ® Notice at 11 (Appendix), Hubbard-Stangle VS 432, Myers VS at 10-11

Thuis approach 1s unreasonable for several reasons

First, the workpapers made public by the Board do not support the 5 2 percent
figure As previously discussed, despite the assurances of the Notice that all figures that the
Board used can be denved from the workpapers 1t has made available, the 52 percent figure
cannot be replicated from those workpapers without the use of data which must be obtamed

from third-party vendors Rather, the figure appears to be hard-wired into the workpapers,



without any underlying cclls in the workpapers that would cnable interested parties to test or

replicate the value !’

[t 15 clear, however, the time period used by the Board to cstimate the market nisk
premium 18 too short, an crror that biases its estimated valuc downward Hubbard-Stangle V S
99 34, 37-38, Myers VS at 9-10  The standard economic approach 1s to use a time period that
goes back as far back 1n time as possible — for example, to 1926 or even earlier, if rehiable data
for those time frames are available Hubbard-Stangle V S 9 34-37, Myers VS at 9-10 '® This
approach mimmizes the cffect of measurement error 1n the cstimates — a result that the Board
states that 1t wishes to achicve Notice at |1 (Appendix), accord, Myers V S. at 9-10, Virgima
Arbitration Order, 18 FCC Rcd at 17756 (use of longest peniod for which reliable data are

available “minimiZ[cs] the impact of any short-term fluctuation from long-term trend[s]™)

The 1ssue of the proper ime period to be used 1n calculating the market nsk
premium 1s particularly important because nsk premiums duning the past few years have been
abnormally low Including data from recent years, when nisk premiums have been abnormally
low, while excluding data from years before 1955, when market nisk premiums were much
higher, arbitranly skews downward the overall estimate of the equity nsk premmum  Hubbard-
Stangle VS Y38 & Exh. 2 For cxamplc, merely restoring the ten years of data for the period
from 1947 through 1956 to the time senes raises the esiimated equity nsk premium from 5 2
percent (for 1957-2006) to 7 1 percent (for 1947-2006) Hubbard-Stangle V S 97 38 & Exh 2

'7 The number also appears to be for 2006, not 2005 Sec Hubbard-Stangle V S , Exh. 2 (valuc
for 1957-2006 estimation period)

18 Accord, In the Matter of Petition of WorldCom, Inc Pursuant To Section 252(c)(5) of the
Communications Act For Preemption of the Junsdiction of the Virgima State Corporation
Commussion Regarding Interconnection Disputes With Verizon Virgia Inc , and For Expedited
Arbitranion, 18 FCC Recd 17722, 17759-17760 (2003) (*Virgimia Arbitration Order”) (“the
market risk premium should be based on the average excess of the market rate of return over the
nisk-free rate over the longest period for which reliable data are available™) (emphasis added)
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Other sources confirm that usec of the proposed 50-year period would result 1n nisk
premiums that are too low See Myers VS at Table 3 (reporting market nsk premiums from
scveral widely used sources) I[bbotson's estimate of the long-term equity nisk premium as of
2005 and 2006 1s 7 1 percent, nearly two percentage points higher than the Board’s 5 2 percent
figurc See Risk Premia over Time Report 2006, Ibbotson Associates (2006), Table A-1, at 2
(attached as Exhibit 2 to Crowley V S ), Venficd Statement of Thomas D Crowlcy and Damiel
L Fapp submutted July 25, 2007, 1n Ex Parte No 664, at 11 (“Crowlcy/Fapp V S ™) (stating that
[bbotson’s estimatc of long-term equity nsk premium for 2006 was 7 1 percent)  Sigmificantly,
WCTL's own witness, Thomas Crowley, used the Ibbotson cstimate (which was based on data
for years beginning 1n 1926) 1n his own CAPM calculations in the testimony that he submutted in
the recent Ex Partc No 558 (Sub-No 9) procecding and 1n the venified statement that he and Mr
Fapp submitted 1n this proceeding last month See Crowley V S at 16, Crowley/Fapp VS at 11
Mr Crowley testified that the “Ibbotson calculation of the cquity nsk premium 1s widcly
considered the best cstimate of the equity nisk premium available” Crowley VS at 11-12 &
n 15 (ating S P Pratt, Cost of Capital Estimations and Applications (2d ed , 2002), at 116)

Crowley/Fapp V.S at6 & n 2 (citing S P Pratt, supra, at 113) "’

The foregoing analysis also sheds light on whether the Board should adopt a fixed
estimatc of the market nsk premium rather than recalculating 1t cach year Notice at 10

(Appendix) The 1ssuc has little practical importance 1f the Board adopts a sufficiently long data

1% Sce also, e g . Estate of Hendickson, 78 T CM (CCH) 322, 335 (1999) (Ibbotson’s long-term
equity nsk premium *1s widely used 1n calculating a cost of capital under CAPM™), Virgimia
Arbitration Order, 18 F CC Rcd at 17759-17760 (adopting Ibbotson’s long-term nsk premium
for the period 1926-1999 as the “historical” nsk premium, 1 e, the nsk premum for the 20-year
Treasury bond, in determiming rates for unbundled nctwork elements, or “UNEs™), AT&T
Communications of Califormia, Apphcation Nos 01-02-024, et al, Califorma PUC Opimion
1ssued September 23, 2004, 2004 WL 2327932 (Cal P.UC), at **76-77 (adopting, as nsk
premium for purposcs of determining UNE rates, [bbotson’s long-term market nsk premium for
the peniod 1926-2001, as the “most reasonable™ to use in PUC’s CAPM analysis)
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series (e g, beginning 1926 or earlier), since the resulting average should change only shghtly
from year to ycar The Board, however, most definitcly should not adopt a fixed estimate based
on data limited to the last 50 years, or any other arhitranly truncated period Doing so would

merely lock 1n place a mislcading short-run cstimate of the long-run underlying value

The Board’s mcthodology suffers from a sccond and independent crror beyond
the use of a too-short time series of data  Although the Board states that it used retumns on 10-
year Treasury Bonds as a proxy for the measure of niskless return that 1s deducted from the total
equity market return to estimate the market nsk premium, the Board actually used returns on
long-term debt portfolios, with an average matunty considerably longer than 10 years, as proxy
for nskless returns Notice at 10, Myers V S at 10 The problem 1s that, changes in the current
market price of a bond over 1ts life represent a larger share of the expected total return on the
bond as the peniod to matunty of the bond becomes longer. Returns caused by increases n the
market pricc of a government bond held by an investor (pnmanly as a result of changes in
expected interest rates) are clearly not nsk-free in the context of CAPM Hubbard-Stangle V S

9 36. This error alone understates the risk premium by approximately 0 5 percentage points

Further, and in any event, the same nsk-free return value should be used for the
constant term for nsk-frec return and 1n calculating the market risk premuum Hubbard-Stangle
VS 931 &n 20 The Board has used inconsistent values for two tasks *“This 1s a mismatch

and an inconsistency ™ Myers VS at9

Finally, if the Commussion adheres (o 1ts proposal to use the annual average yield
to matunty on ten-year Treasuries as the constant term risk-free return, then the market nisk
premium must be defined as the average spread between rates of return on the stock market and
rates of return on Treasunes of the same ten-vear maturity Calculating the historical market nsk

premium as the difference between the income return (current yiclds, not yields to matunty) on
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20-vear Treasuries, as the Board apparently did, 1s a mismatch This mismatch results in an
understatement of the market nsk precmium becausc 20-ycar Trcasuncs have, on average,

generated higher rates of return than have 10-year 1ssues Myers VS at 9-10
C. Beta

The workpapers provided by the Board show that the Board used a beta n the
rangc of 08 for 2005 The calculation was based on 10 years of monthly data See STB
workpaper entitled “COC CAPM workpaper xls,” Sheet 1: Notice at 10 (Appendix) (stating that,
to calculate the beta for each carner, the Board proposes to use that carrier’s monthly, merger-
adjusted stock return data for the prior 10 years 1n a “standard equation”) After computing the
total return month-by-month, the Board then subtracted yield-to-matunty rates from 10-year
government bonds Notice at 10 (Appendix) The ntercept term used in the regression was

constrained to zero See «d at 11 (inviting comments on whether an intercept term should be

used)

This approach 1s crroncous 1n a number of respects First, the Board computed
monthly nsk premiums by comparing the monthly returns on investment 1 the stocks histed on
the NYSE Index with ten-year interest rates, not short-term intercst rates  Thus 1s “1llogical and

inconsistent ” Myers VS at 10

Second, the Board appears to have obtained its beta estimates through a lcast-
square regression equation that has no constant term (1 e, that assumes a zero intercept). This 1s
not standard practice "A constant term should have been included to capture other factors

affecting returns and rnsk premiums ™ Myers VS at 10

Third, the use of a ten-year data scrics 1s mappropniatc  Hubbard/Stangle V S
99 20-26, Myers VS at 10-11 Betas should be determined with recent data, because betas

change with the market conditions and nisks of an industry When an industry undergoes major
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structural changes hike those experienced by the railroad industry 1n recent years, an overly long
estimation period for beta can generate significant bias in the estimate Hubbard-Stangle V S

99 22-26 Accordingly, the use of a five year (or cven shorter) time senes has far greater
acceptance than the use of a ten-year timc scrics The standard approach 1s to use five years of

weekly or monthly data Hubbard-Stangle V S Y 23-25

The Board’s own calculations 1llustrate the bias that can result from overly long
esttmation penods The tcn-ycar data series used by the Board 1n 1ts CAPM calculations
includes the “high-tech bubble” period of the late 1990's and the collapse of the “bubble” n
2000-2002  Including these gyrations in the overall measure of market volatility give an

artificial impression of stability to other compames Hubbard-Stangle V S 97 23-26

For threc of the four largest railroads, substituting five years for ten yecars of data
wouid produce a higher beta  For two of the railroads, many of the current (August 2007} betas
are substantially above 1 0 Hubbard-Stangle V S, Exhibits 1a through Id Other estimates of
beta for the railroads arc even higher, some are as high as 22 or 25  Sce Summary of

Presentation of AAR, filed February 12, 2007, at 26 (Figure 2).

The Board also has raised the question of whether 1t would be rcasonable to
assume that beta cquals 1 (thereby chminating the need to cstimatc beta), because “[flimance
theory predicts that beta will move towards 1 over time, and this has proved true for banks and
other firms that provide payment processing scrvices™ Notice at 11 (Appendix) (citing
Transcript of February 15, 2007, Hearing at 25) Whule 1t 1s true that betas tend over the long run
to converge on | 0, not all betas do so Betas for intrinsically nsky businesses can remain above

1 0 for long penods. and betas for firms 1n low-nisk industnies can remain below 1 0 indefimitely

Morcover, and 1n any cvent, the notion that a nsk factor should be disrcgarded 1n

estimating the cost of capital 1f the factor tends to regress to the mean over the long run 1s
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llogical There are accepted statistical techmques for estimating the degree of regression toward
the mean that 1s likely to occur 1n beta values over a specified short-run period Hubbard-Stangle
VS 1127-28 Assuming that the short-run nsk factors have no eftect from the outsct on the
rcturns demanded for investors, however, 1s a non sequitur Many phenomena that tend to
dissipate 1n the long run nonetheless have a substantial influence on investor behavior  corporate
carnings growth rates tend to converge on the long-run growth ratc of the economy, returns on
cquity tend to converge on the industry average, the price-carnings ratios of individual secunties
tend to converge on the industry average, and, in the words of Lord Keynes, “in the long run, we
are all dcad ™ If a long-run tendency to regress to the mean were an adequate justification for
ignonng factors that affect the returns demanded by investors for holding the equity stock of
individual firms and industries, then the price/carnings ratios of all publicly traded stocks should
be 1dentical That they vary 1s proof that mmvestment decisions arc affccted by nsk factors that

deviate from the average in the short run

When the Board's estimates of using the CAPM modecl arc restated by using more
realistic cstimates of riskless returns, market nsk premiums and beta, the estimated cost of equity
and cost of capital incrcasc dramatically For example, the median estimated cost of cquity for
the four major railroads as of Dccember 2005 ranges from approximatcly 8 3 percent to
approximately 11 1 percent, according to CAPM calculations sponsored by Dcan Hubbard and
Dr Stangle Hubbard-Stangle VS 419, 39-42 and Exh 3a and 3b For September 2007, the
samec CAPM approach produces equity cost cstimatcs with a median value of approximately 12 4

percent Jd

20 john M Keynes, 4 Tract on Monetary Reform (1923)
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IV. IGNORING THE ESTIMATES OFFERED BY THE DCF MODEL IS
ARBITRARY AND IRRATIONAL.

In 1ts Notice, the Board has proposed to jettison the DCF model, the model relied
on by the Board and the ICC to estimate the cost of capital since the carly 1980’s, on the ground
that the DCF modecl tends to overstate the cost of equity when the projected 5-year growth rate
cxcceds the long-term growth of the economy Notice at 4 Although the Board concedcs that 1t
could updatc 1ts current approach by using a two-stage DCF method, the Board proposes not to
adopt the latter approach becausc “it would be difficult to select a particular [2-stage DCF]
approach 1n a non-arbitrary fashion,” given the absence of any “sound theoretical basis to prefer
one multi-stage DCF over another ” Id at 5 The CAPM, the Board also contends, “provides an
alternative to DCF that commands greater respect 1n the regulatory and academic commumty and
dominates the private scctor ™ Jd at 6 The Board describes CAPM as “the industry norm™ that
*1s widely considered to be the supenor financial model * Id  This reasoning does not withstand
scrutiny The multi-stage DCF 1s at least as conceptually sound and rehable as the CAPM, and
the equity cost estimates generated by multi-stage DCF models provide a valuable cross check
on the reasonableness of the estimates produced by the CAPM  Hubbard-Stangle VS 9 52,

Mycrs VS at4, 13-14
A. The Board Has Overstated the Shortcomings of the DCF Model.

The Board has exaggerated the purported shortcomings of the DCF  While the
precise path of the convergence of carmings growth rates and long-term economic growth rates
used by multi-stage DCFs can only be projected, neither the Board nor any participating party
has challenged the conceptual predicate for adoption of multiple stages—that carnings growth
rates tend to converge with the long-run rate of growth of the overall ecconomy Estimates of the
cost of equity produced by generally accepted multi-stage DCF models are comparable to those

produced by the CAPM when run with appropnate inputs Ibbotson Associates’ estimate of the
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median cost of capital for hne haul operating railroads, based on a three-stage DCF modcl, was

11 5 percent for March 2006 and 11 4 percent for March 2007  Hubbard-Stangle V.S 749

B. The Board Has Overlooked the Major Shortcomings of the CAPM and
Overstated Its Acceptance Among Reputable Analysts.

The Board’s proposed decision to accept the CAPM as the “supenor financial
modcl” (Noticc at 6) overlooks the shortcomings of the CAPM, while overstating its virtues
Morcover, the Board cxaggerates the acceptance of the CAPM 1n the regulatory, academic, and

financial sectors
1. The CAPM Is As “Arbitrary™ and “Subjective” As the DCF.

Although thc Board proposcs to reject the DCF method because of the
arbitrariness of 1ts inputs, the key growth assumptions of the CAPM arc at least as subjective and
uncertamn as those of the DCF Myers V'S at 3, 5-8, 13, Hubbard/Stangle VS qY13-19 As
Professors Myers and Hubbard, and Dr Stangle all testify i their venfied statements
accompanying these Comments, the return expected by equity investors 1s conceptually forward-
looking — ¢ ¢. the return that investors demand foday  That cxpectation, however, cannot be
observed or measured As a result, analysts must combine forward-looking returns demanded by
mvestors 1n nisk-free debt investments (which returns can be observed) with backward-looking
market nsk premiums to cstimate the forward-looking cxpected returns demanded by cquity
investors Many of the simplifying assumptions required for such an analysis are simplistic,

counterfactual, or nhcrently unverifiablc Hubbard-Stangle V S 9 13-19

Moreover, the market risk premium, which has been described as “one of the

12l

most important but clusive parameters in finance,”™ varics greatly with the time period observed

and the analytical method used. Hubbard-Stangle VS q14 A nsk premium based on a

2! Sec Pablo Fcrnandcz, IESE Business School, Market Risk Premmum Required, Historical and
Expccted, http /1deas repec org/p/ebg/iesewp/d-0574 html (Oct 17, 2004)
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rclatively short-run time series of data may have very large measurement error  /d ; Myers V S

at6, 9-10

Stmuilarly, the range of beta estimates can and does vary widely. because there 1s
no consensus as to preciscly how beta should be estimated Myers VS at 6 & Table | The
value obtained by the analyst 1s highly sensitive to, inter aha, the period over which beta 13
estimated, the frequency of data that 1s used to estimate beta (e g. daily, weekly, or monthly),
and the proxy that 1s used to measure overall market performance  Hubbard-Stangle VS 9§ 14
As 1llustration, the permutations generated by the alternative values offered by WCTL witness
Crowley carlier in this casc for only three vanables affecting beta gencrated 16 different
estimation methodologies, producing betas that ranged from 0 7 to almost 25 See Summary of
Prescentatton of the AAR, filed Fcbruary 12, 2007, at 26  Further, the standard crrors and
confidence intervals for betas are very large, a fact that should “dispel any view that betas can be

estimated with close accuracy ” Myers V S at 10-11 & Table 4

Finally, empirical studies have failed to confirm that the CAPM has any
significant predictive value Some empincal analyses have shown a low correlation between
actual rcturns on cquity and beta — and a much higher correlation with other explanatory
vanables such as markct capitahization (small cap stocks histoncally earn higher returns),
pnce/earnings (“P/E") ratos (equities with lower P/E ratios tend to earn higher returns), and
book-to-market ratios (firms with lower ratios tend to gencrate higher returns) Hubbard-Stangle

VS {17, Myers VS at 5-6 22

% Accord, Eugene F Fama and Kenneth R French, “The Cross-Scetion of Expected Stock
Returns,” 47 Journal of Finance 427-466 (1992), Eugene F Fama and Kenneth R French,
“Common Risk Factors 1n the Returns on Stocks and Bonds,” 17.J of Financial Economics 3-56
(1993)
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In sum, the range of arbitraniness and subjectivity in the CAPM 1s at lcast as great
as that in the DCF modcl As the Commission found almost 30 ycars ago, thc CAPM, “like
other types of cost of capital cvidence, has its weakness For cxample, our analysis shows that
this data 1s sensitive to the choice of dates for study penods, and that the calculated betas do not
fully explain changes 1n railroad rcturns compared to changes 1n market retumns ™ Ex Parte No
338, Adequacy of Railroad Revenue (1978 Determination), 361 1C C 79, 92, 116-18 (1978)

Those observations remain as vahd today as they were then

2. The Board Exaggerates the Extent To Which the CAPM Has
Displaced the DCF Among Reputable Analysts.

The Board has also exaggerated the acceptance of CAPM as the preferred method
among regulators, academics. and the financial sector Regulators 1n many junsdictions, for
example, continuc to usc the DCF model, either as the pnmary mecasure of the cost of equity or
m tandem with the CAPM Myers VS at 7, Hubbard-Stangle VS 917, Hubbard V S
{December 8, 2006) at 5 Simularly, many in the acaderme and financial commumtics still regard
the DCF model to be at Icast as rchiable as the CAPM  See Hubbard-Stangle VS q 47, Myers

V S at 14 (Board should consider both CAPM and DCF results)

Even many of the shipper participants in this proceeding have recogmzed that
CAPM 1s not the “preferred method,” and mstcad have advocated the use of DCF, either alone or
in combmation with CAPM Duning most of the past quarter century, shippers were generally at
least as supportive of the DCF as thc CAPM  See, e g, Railroad Cost of Capital—1982, 367
ICC 662, 670 (1983) (noting support of shippers for DCF rather than CAPM). As late as last
February, WCTL argued 1n this docket that the Board should adopt erther the multi-stage DCF
modcl or a CAPM-based approach, becausc “Both approaches, properly employed, should yield
similar results, and both approachcs should be considered and any differences reconciled ™

Summary of Hecanng Testimony of WCTL, filed Fcbruary 12, 2007, at 2 Shipper witness
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Charles King likewise has argued 1n this docket that the Board should continue to use the DCF
methodology—which, he stated, “has been acknowledged fairly universally as the best available
technique for estimating the cost of equity”—using the two-step procedure used by FERC to
identify the growth factor in the DCF formula King V S, filed December 8, 2006, at 5, 10, 12-

13, 19, see also February 15, 2007, Heanng Transcript at 114-119 (King testimony)

C. A Multi-Stage DCF, When Run With Appropriate Inputs, Produces A
Significantly Higher Cost of Equity Than The Board Calculated.

DCF modcls, when run with appropriate inputs, produce equity cost estimates
that are much higher than the estimatc denved by the Board from the CAPM, and much closer to
the cstimatcs produced by more mainstream CAPM approaches The Board’s own two-stage
DCF analysis 1s a good cxample When corrected for scveral obvious errors, 1t produces
weighted average cost of capital (“WACC™) values for that are substantially higher than the

values denved by the Board from the CAPM  See Myers V' S at 12-13

First, the Board has erroneously (and apparently inadvertently) discounted the
stream of dividends after year 21 fwice in the Board’s spreadsheet The magnmitude of this error
18 equivalent to assuming the payment of no dividends at all from years 21 through 40, with
second-stage dividends not beginming until ycar 41 Correcting this error alone increases the

two-stage DCF cost of cquity by about 2 5%—from 7 24% t0 9 76% Myers VS at 12-13

Second, the Board's DCF estimate 1s biased downward by 1its usc of the Social
Secunty Admimstration’s estimate of the long-run growth ratc of US cconomy (4 6%) Sce
Noticc at 7 n14 This estimate 1s too low. More reasonable cstimates arc the 5 9% valuc
calculatcd by Ibbotson Associates, and Blue Chip estimate of 5 5% Mormngstar, Inc, Stocks,
Bonds, Bills and Inflation, Market Results for 1926-2006, 2007 Yearbook, Valuation Edition, p

70, Myers VS at 13 & n 15 (citing Blue Chip Economuc Indicators, October 10, 2005, p 15)
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Other commonly used multi-stage DCF models also produce significantly higher
cost of cquity cstimates. As noted above, Ibbotson Associates’ estimate of the median cost of
capital for linc haul opcrating railroads, bascd on a three-stage DCF model, was 11.5 percent for

March 2006 and 11.4 percent for March 2007 Hubbard-Stanglc V.S. 9 11, 49.

In short, the Board’s proposed refusal to consider DCF results is arbitrary,
particularly given the recogmition of such participants as WCTL that CAPM and DCF methods,
if done properly, should gencrate roughly equivalent results See Summary of Heanng

Testimony of WCTL filed February 12, 2007, in Ex Parte No. 664, at 2.

CONCLUSION

For the foregoing reasons, the Board should reconsider its proposal to usc the
CAPM as the cxclusive method of determining the cost of equity. Instead, the Board should

consider the results of both the CAPM and multi-stage DCF models

Second, regardless of whether the Board ultimately decides to give weight to DCF
results, it 1s essential that the Board run its modcls with generally accepted and economically
scnsible input values. Doing so produces equity cost cstimates that arc considerably higher than
are produced by the idiosyncratic inputs proposed by the Board As illustration, running the
CAPM with generally accepted input values for the three key vanables—risk free return, market
risk premium and beta—yields equity cost estimates ranging from 8.8 to 13.1 percent for the four
largest Umted States railroads as of December 2005, and 10.5 to 16.6 percent as of September
2007. Widely used multi-stage DCF modcls, when run with appropriate inputs, yield results that
also fall within this range. It is absolutcly clcar that the Board’s proposed inputs to the CAPM
mcthodology must be corrected. In the words of Professor Myers, “Taken together, it’s clear that

the Board's proposed CAPM calculations are inconsistent and idiosyncratic. They do not follow
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standard practicc. The calculations would generate downward-biased estimates of the cost of

equity capital,” Myers V.S. at 11.

Third, given (1) the inherent imprecision of both the CAPM and DCF models, (2)
the massive investment in additional network infrastructurc that the railroad industry must make
to mcet expected growth in demand 1n the next three decadcs, (3) the directive of Congress to the
Board to ensure revenues that are adequate to attract and rctain needed mnvestment capital, and
(4) the potential harms to shippers and consumers if the railroads were prevented by regulation
from recovering their cost of capital, the Board should adopt an annual cost of equity toward the

upper end of the range of individual cost of equity estimates gencrated by the above procedure

The AAR asks that the Board schedule a full heanng on the Board's proposal
after the submussion of reply comments on October 29, 2007. The far-reaching implications of
the proposal for the rallroad industry, its customers and the public, and major 1ssues raised by the
Board’s proposed method of implementing the CAPM model—some of which have already been
acknowledged by the Board itsclf—warrant full and careful examnation The Board should take
the opportunity to understand the comments and cnticisms offercd by intcrested parties and
permit all partics, including experts who have submitted statements addressing the proposal, to

be heard in a public forum.
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L.

INTRODUCTION

A. Qualifications

1.

My namc 1s R. Glenn Hubbard I am the Dean of the Graduate School of
Busimness of Columbia Umiversity, where I hold the Russell L Carson
Professorship in Finance and Economics In addition, I am a Professor of
Economics in the Department of Economics of the Faculty of Arts and Sciences.
At the National Burcau of Liconomic Rescarch, T am a rescarch associate 1n
programs on corporatc {inance, public cconomics. industrial orgamzation,
monctary cconomics, and economic fluctuations and growth. | am also a
visiting scholar at the American Enterprisc Institute in programs on tax policy
and (inancial markcts. Pnor to joining thc Columbia faculty as Professor of
Economics and Finance in 1988, [ taught in the Department of” Economics at
Northwestern University. 1 have also served as Visiting Professor ot Business
Administration at Harvard Business School, John M. Ohin Visiting Professor at
the Unmiversity of Chicago, Visiting Professor and Rescarch Fellow of the
Encrgy and Environmental Policy Center at the John F Kennedy School of
Government and John M Olin Fellow at the National Burcau of Economic
Rescarch 1 hold AM. and Ph.D. degrees in cconomics from Harvard
University, and B A. and B.S. degrees in economics from the University of

Central Florida, summa cum laude

My professional work has centered on problems in corporate finance, public
economics, industnial organization, monctary ¢conomics, and natural resource
cconomics. | have authorcd more than 100 rescarch articles, edited a number of
books, and authored a leading textbook on moncy and financial markets
(Money, the Financial System, and the Lconomy, 61h ¢d., 2007) and a textbook
on principles of cconomics In my own work, I have used various
methodologies for calculating the cost of capital of firms and industries,
including the Discounted Cash Flow (“DCF) modecl, the Capital Assct Pricing
Model (“CAPM"} and vanations of each of these models
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5.

I have been an advisor or consultant to the Board of Governors of the Federal
Reserve System, Congressional Budget Office, Federal Reserve Bank of New
York, Inlemal Revenue Scrvice, International Trade Commission, National
Science Foundation, U.S Depariment of Encrgy, and U.S. Department of the
Treasury From 1991 to 1993, I scrved as Deputy Assistant Scerctary (Tax
Analysis) of the U.S. Department of the Treasury, where 1 was responsible for
cconomic analysis of tax policy, thc administration’s revenue cstimates, and
health carc policy 1ssues. From 2001 to 2003, I scrved as Chairman of the
President’s Council of Economic Adviscrs, over that time period, 1 also served
as Chair of the Cconomic Policy Committee for the Organization for Cconomic

Co-opcration and Development (OECD) in Panis

My namc 1s Bruce L. Stangle. T am an cconomist with over 25 years of
expericnce with issues relating to antitrust, regulation, mntellectual property and
securitics matters, and other arcas of economic analysis. | am Chairman and a
co-founder of Analysis Group, Inc., a national cconomic consulting firm with
over 300 professional consultants in ten offices 1n North America  Over the
course of my carcer. I have provided testimony on a number of topics including
antitrust, market definion, entry conditions, competitive cffects, security
valuation, and damages I am a member of the Amernican Economic
Association, the Board of Trusices of Bates College, the Visiting Committee for
the Economics Department at the Massachusetts Institute of Technology, and
thc Board of Directors of Wellington Trust Company, NA, a moncy
management firm I have a BA from Bates College, and an M.S. n
Management and a Ph.D. in Applicd Economics from the Sloan School of

Management at Massachusetts Instiitute of Technology.

B. Purposc of Testimony

We have been asked by counsel for the Association of American Railroads
(“AAR™) to comment on the August 14, 2007 proposal (correcled August 20,
2007) of the Surface Transportation Board (“STB™) “lo revise its method for

2



calculating the rallroad ndustry’s cost of capital by computing the cost of

equity using a capital asset pricing model.™

We have previously filed statements on December 8, 2006 and February 12,
2007 regarding thc methodology we belicve 1s appropriate for cstimating the
cost of capital in this industry, including our rationale for the continued usc of
the DCF model In this statement, however, we focus primanly on the STB's
proposed implementation of the CAPM  As we make clear, however, we still
believe the DCF framework could have a uscful role to play in the STB's

decision-making process.

In cvaluating the STB's proposcd mecthodology, our concemn is to help cnsure
that the regulation does not create incfficient investment incentives  This
objective is particularly important in an industry as capial-intensive as the
railroads. If the estimated regulated cost of capital is set oo low, investment
will be deterred, and both the quantity and quality of rail scrvice provided will
suffer  Similarly, adverse and incfficient consequences may anse 1f the
cstimated regulated cost of capital is set too high. We arce also concerned that
long-term investments may be “stranded™ if a new approach reduces revenues
from cxisting investments that were made based on expectations informed by

the prior regulatory environment.

C. Summary of Conclusions

The STB has 1gnored a body of evidence that both the DCF model and the
CAPM require the STB 1o make significant judgments regarding the appropriate
implecmentation of cach model. Furthermore, the STB has not presented
compelling reasons 1o reject the use of one method 1n favor of the other  Either
modcl 1s capable of giving a flawed cstimate 1f key inputs are chosen poorly.

Neither model 15 inherently superior to the other, and ideally, both models

Surface Transportation Board Decision STB Ex Parte 664, Methodology to be Employed in
Determining the Railroad Industry's Cost of Capital, August 14, 2007 (*STB Decision™), p |



12,

should yicld comparable results The STB's implementation of the CAPM,

howcver, 1s clcarly at odds with common practice.

We find that aftcr a morc realistic cstimate of the market risk premium 15 used
in the CAPM, along with some widely used beta estimates produced by well-
known financial data providers, the cost of equity as of December 2005 for the
four major railroads ranges from 8.8 percent to 13.1 percent, with a median
valuc of 11.1 percent. In contrast, the STB’s csumates (7.8 percent to 8.7
percent) fall completely below this range. [n our view, this comparison lcaves
no doubt that the specific implementation of the CAPM proposcd by the STB in
its workpapers yiclds a cost of ecquity cstimate that is much too low. Il adopied
for regulatory purposcs, the inappropnately low cost of capital generated by the
STB's proposcd mcthodology would have a significant adverse mmpact on

important investment decisions facing the raitroad industry

Whcen the CAPM inputs arc updated to Scptember 2007 values, we find that the
cost of equity lor the four major railroads increascs further, with the new range

being 10.5 percent to 16.6 percent, with a median value of 12.4 percent.

While the STB clearly needs to revise its implementation of the CAPM, we also
continuc to believe that 1t would be valuable for the STB to use a multi-stage
DCF model as a cross check on the distribution of results obtained from the
CAPM. A version of the multi-stage DCF model published by Ibbotson
Associates cstimates the cost of equity for the median railroad in March 2007 to
be 11 4 percent, which is squarcly within the range of valucs we found using

alternative inputs to the CAPM.

Whatever methods are ultmately employed by the STB, we believe the
approach must be transparent and the results must be reproducible by all parties.
In addition, any final point estimate of the cost of capital used for regulatory
purposcs should give weight to the entire range of plausible cstimates, not just

the low end of the range.



PROBILEMS WITH THE PROPOSED IMPLEMENTATION OF THE CAPM

A. Basic Principles of Estimation

13. In cvaluating the STB"s proposed methodology, 1t is crucial to recognize that all

cost of cquity models, including DCF and CAPM, arc simphifications of reality,
and should not bc assumed to have greater precision and rchability than they

actually possess.

14. Each of the key mputs is measured with crror, the result being that any onc

point cstimate of the cost of cquity 1s really associated with an cntire

distribution of valucs. For cxample, as Professor Stephen Penman has noted:

The CAPM requires estimates of firms® betas, but thesc cstimates
typically have crrors A beta estimated as 1.3 may, with significant
probability, bc somewhere between 1.0 and 1.6 With a market
nsk premium of 6 0 percent, an error n beta of 0.1 produces an
error of §} 6 percent 1n the required retum

Penman continues:

Thc market risk premium 1s a big guess. Rescarch papers and
textbooks cstimate it in the range of 4.5 percent to 9.2 percent.
With a beta of 1.3, the difference between a required return for a
market risk premium of 4.5 percent and onc for a market risk
premium of 9 2 percent 1s 6 11 percent 2

15. Given the inherent imprecision 1n this process, the STB should consider the

sensitivity of results to allernative values of kcy nputs, as well as alternative

methodologics, including the DCF model.

16. Instcad, the STB proposcs to replace. rather than supplement, the DCF model

with the CAPM. While thc STB rccognizes that “the actual development of a
particular [CAPM] model can be complex and still requires the exercise of

judgment,”™ we do not think that the STB recognizes the full extent to which the

Stephen 1 Penman, Finun tal Statement Analvsis and Secunity Valuation, McGraw-Hill Irwm,
2001, p 691

STB Decision, p 2



CAPM s sensitive to arbitrary choices made mn the cstimation and

implementation process.

17 For cxample, we are puzzled by the STB's citation of the paper by Professors
Graham and Harvey to support thc Board's position that “CAPM provides an
alternative to DCF that commands greater respect in the regulatory and
academic community and dominates the pnivate sector.™ In fact, Graham and
Harvey rcach quite a different conclusion from the STB:

While the CAPM is popular, we show later that 1t 1s not clear that
the model is applied properly in practice. Of course, even 1f it 1s

apphed properly, 1t 1s not clear that the CAPM 1s a very good
model (sce Fama and French, 1992).°

B. Key Inputs to the CAPM

18. Kcy nputs used 1n the implementation of the CAPM are inherently subjective

and imprecise. Application of the CAPM requires judgment regarding.
e  Modcl type (e g.. single-factor versus multi-factor);
e Risk-free ratc (e g . short-term versus long-term),

e Market risk premium (eg, thc appropnate market index. period of
mcasurement over which the premium is calculated, method of

mecasurement [arithmetic versus geometric mean]);
e Bela estimate (estimation period, frequency of data); and

e Pecr group (¢ g. in the casc of a private company, the CAPM must he

estimated using data for comparable public companics).

19. As we will discuss in more detail below, the cost of cquity cstimates resulting
from the STB’s implementation of the CAPM (as described in the STB's
proposal, including the Appendix and workpapers), arc highly scnsitive (o

alternative approaches for esimating beta, the nisk-free rate, and the market risk

S1B Decision, p 6

John R Graham and Campbell R Harvey, “The Theory and Pracuce of Corporate 'inance
Evidence from the Field,” Journal of Financial Economics, vol 60 (2001), p 201
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premium. Our findings arc consistent with previous studies that have cxplored

the sensitivity of CAPM estimates to various methodological 1ssues.”

C. Estimates of Beta

20. The STB proposes cstimating beta for cach carmier using monthly stock retums
over the prior 10 years. The STB dccision notes:
In sclecting a 10-ycar time penod to cstimate Beta, we seek (o
balancc the desire to chiminatc statistical noisc and achieve
stability in the esimate, whilc allowing for the fact that Beta may
change over time Using earlicr data might causc results to be
skewed by cvents that are no longer important.”
21 The STB also invited comments on the use of 25-year or 5-ycar windows over
which to estimate beta, noting that “anything less than 5 years appears to add

too much noise to the estimate ™

22. A 10-ycar beta 1s quite long, particularly given the evolution of railroad betas
during the past decade -- a period over which beta has clearly been nsing.” Beta
1s a lagging indicator of the appropriate cost of equity. When an industry 1s
undergoing cconomic changes, as the railroad industry has been over the past
dccade, using too long an estimation period for beta can introduce significant

bias into the cstimate

Sce, for example, Eugene F Fama and Kenneth R I'rench, “The Capital Asset Pricing Model
Iheory and Evidence,” Journal of Ecanomie Perspectives, vol 18, no 3 (Summer 2(4d), pp 25-
46. and Robert F Bruner. Kenneth M Fades, Robert § llams. and Robert € 1higgns, “Best
Practices in Lstimating the Cost of Capstal Survey and Synthesis,” 'mancial Practice and
LCeucunon, (Spring/Summer 1998), pp. 13-28, cited m “Reply Comments of the Western Coal
Traffic League,” Surface I'ransportation Board, Ex Parte No 558 (Sub-No 9), Railread Cost of
Capnal-2005, Apnl 28, 2006 (*WCTL Comments™)

L S11 Decision, p 11

ST Decssion, p 11 In the Appendix 10 1fs proposed decision, the STB invited comments “en the
mclusion of an intercept term n the [beta] regression™ We do not believe the STB should
produce 1ts own estimates of beta, but 1t the STB continues to do so, we would prefer to see the
regressions csiimated with an itercept.  Omitting the intercept imposcs a theoretical restriction
that may not be supported by the data

See February 12, 2007 testimony of Bruce E. Stangle, in Summary of the Presentation of the
Amencan Association of Railroads. Surface Transportation Board Decision, STB Ex Parte 664,
Methodology to be Employed in Determining the Railroad Industry's Cost of Capital, pp 17-18




23 Furthermore, a 10-year estimation window 1s not commonly uscd by rescarchers
or practitioners in cconomcs and finance. Although there 1s no hard and fast

rule, the practice of using 5 years of historical data to estimatc beta appears to

}

be much more common.' For example, Ibbotson Associates, Stocks, Bonds,

Bills and Inflation 2007 Yearhook, Valuation Edition (*SBBI™) notcs®

The amount of history included in beta calculations done by
commercial beta services 1s faurly consistent at five years Using
five years of data 1s a rather arbitrary decision that attempts to usc
as much data as possible without including irrclevant historical
data. Using five years of data would ideally cover a number of
different economic scenarios such as an expansion and contraction
in the cconomy '’

24 Citing the sigmificance of the cvents of September 11, 2001 for the airline
industry, the SBBI also notces that 1t might be approprate Lo estimate beta over a

uime period even shorter than 5 years.

An cxample of a company-specific cvent 1s a change in the way a
company conducts busincss. After September 11, 2001, Southwest
Airlines, together with other airlines, was forced to cope with
reduced airhne travel, the implementation of new safety and
sccurity measures, restructuring, and other changes. Mcasuring the
beta of Southwest Airlines using a longer time period may not be
appropriatc duc (o differences in the nsk characteristics of the
company pre- and post-Sceptember 11, 2001.  The beta of
Southwest Airlines was 0 85 when using 5 years of monthly data,
and 1.31 when using two ycars of monthly data both through
September 2003. Southwest Airlines scrves as an example of a
company changing the way it conducts business and the relevance
of measuring beta over a shorter time penod 2

Sce Fisher Black, Michael Jensen, and Myron Scholes. “The Capital Asset Pricing Model Some
Empinical Tests,” in Studies in Lhe Theory of Capital Markets, Viichael Jensen, ed , Praeger, 1972,
pp 79-121, where a five-year histonical window 15 the rule of thumb, and Gordon J Alexander
and Norman L. Chervany, “On the Lsumation and Stabihity of Beta.” Journal of Fmnancial and
Quantiative Analysis, vol, 15, no 1 (March 1980), p 136, who found that periods between 4 and
6 years were opumal

Stocks, Bonds, Billy und Inflation, Market Results for 1926-2006, 2007 Yearbook, Valuation
Edition, Morningstar, Inc , p 106

SBBI, p 107



25. Research n financial economics thercfore indicates that using five years of

historical data to estimate beta is a more defensible methodology The 10-year
window proposed by the STB would capture too much irrelevant information
and the proposcd 25-year window would not makc any ecconomic sense. The
STB’s position ciled above that “anything less than five years appears to add too
much noisc to the cstimatc™ fails to recognize that recent cconomic cvents and
dccisions play a crucial role in determining the cxtent of nondiversifiable nsk
associated with a particular stock In fact, where there is strong cvidence of
changing industry dynamics, an cstimation period shorter than five years may
be justificd

26 Exhibits l1a-1d clearly illustrate the bias that 1s created in the beta estimates

over time when the cstimation window is too long. Despite the changing
cconomic conditions in the industry, the 10-ycar window proposed by the STB
yiclds a very stable -- but also unusually low -- estimate of beta for three out of

the four major railroads

27. The STB also considers assuming a beta of onc under the notion that finance

theory predicts that “beta will move toward 1 over time,” and becausc of the
recent deciston by the Board of Governors of the Federal Reserve System 1o usc
thc CAPM to imputc “the cosls that would have been incurred and profits that
would have been camed had the F'ederal Reserve Banks' priced services been
provided by a pnivate firm."!> We note that finance rescarch has shown in a
portfolio sctting that betas may revert to unity over time ™ To account for this

possiblc tendency, financial data providers such as Ibbotson, Valuc Line. and

Federal Reserve System, Federal Reserve Bank Services Private Sector Adjustment Factor, Notice
with request for comments (“Federal Reserve Notice™), I'ederal Register, vol 70, no 98 (May 23,
2005), p 29512

See, for example, Marshall Blume, “On the Assessment of Risk,” The Journal of Finance, vol 26,
no 1 (March 1971), pp 1-10, Marshall Blume, “Betas and Their Regression Tendencies,” The

Journal of Finance, vol 30, no 3 (June 1975), pp 785-795, Pieter Elgers, James R Haltiner, and

William H Hawthorne, “Beta Regression lendencies  Staustical and Real Causes,” The Journal
of Finunce, vol 34, no | (March 1979), pp 261-263



Bloomberg also offer “adjusted beta™ csumates.’”” We believe 1t would be a
mistake simply to assume a beta of unity for the railroad industry -- and ignore
the cxistence of these allemnative estimates of bela -- many of which differ

significantly from 1.0

28. Furthcrmorc, the decision of the Federal Reserve to adopt a fixed beta of 1.0
rested 1n large part on considerations that are absent herc. The Federal Reserve
faced a unique problem in implementing the CAPM  1dentifying a relcvant peer
group. The Federal Reserve assumed a beta of 1.0 in part to allow it to avoid
having to choose a peer group and calculate the historical beta spectific to that

group 16

29. Lastly, becausc the cost of cquity sclected by the Federal Rescrve does not
affect 1ts mvestment 1n the priced services 1t provides, 1t makes sensc for the
Federal Reserve to focus on methods that are “simple to understand, administer,
and monitor.™"” The STB's decisions, however, directly influence railroads’
invesiment decisions, with potentially significant consequences  Thus, the
stakes for the valuc of the regulated firm associated with the estimation process
arc fundamentally different in the case of the recommendations by the Federal
Reserve and the STB

D. The Risk Free Rate of Return

30 The STB proposecs using a 10-year Treasury Bond rate as a proxy for the risk-
free rate in its implementation of the CAPM. The STB's proposed proxy for the

risk free rate 1s gencrally consistent with the rate advocated mn the academic

For example. Bloomberg adjusts it beta as follows (1 0X033) (50 67) For turther research
on adjustment methodologies, see Marshall Blume, “Betas and 1 heir Regression 1endencies,” The
Journal of Finance, vot 30, no 3 (June 1975), pp 785-795, Oldnch A Vasicek, “A Note on
Using Cross-Sectional Information m Bayesian Estimation of Secunty Bewss.” The Journal of
Finance, vol 28, ne 5 (December 1973), pp 1233-1239, and Martin Lally, *“An Examinaticn of
Blume and Vasicek Betas,” The Finuncial Review, vol 33 (1998), pp 183-197

Federal Reserve Notice, Federal Register, vol 70, no 199 {October 17, 2005), p 60346
Federal Reserve Notice, Federal Register, vol 70, no 199 (October 17, 2005), p 60346



31.

literature, although some potentially uscful alternatives exist.'® The medium-
term rate is generally accepted becausc the duration of the 10-year Treasury
Bond tends to match the investment honzon of the typical project being

evaluated.

Other rcasonablc proxics for the nisk-free rate include the yicld on the short-
term Treasury Bill and the long-term Treasury Bond. Ibbotson's proxy for the
nisk-free rate 1s the yicld on the 20-year Treasury Bond.'? Whatever risk-free
ratc 1s used, the market risk premium should be constructed in a consistent
manner. For example, if the long-term Treasury Bond rale 1s used as the nsk-
frce rate, then the market nsk premum should be based on the difference in the

returns between the market and the long-term Treasury Bond.?®

E. The Market Risk Premium

32

33

The STB proposcs cstimating thc market risk premium using monthly NYSE
data over a 50-ycar time penod, and invites comments on the choice of the
appropriate ume period as well as the use of a fixed market risk premium rather

than onc which vanes cach ycar.Z'

We note that the market risk premium 1s subject 1o wide vanation depending on
one’s approach As noted previously (by Professor Pcnman), estimates in
financial rescarch range from 4 5 percent to 9.2 percent  In its workpapers the
STB has cstimated a market sk premium ot 5.2 percent, which 1s at the low

end of the plausible range. There is no inherent justification for the STB's

21

See Richard A. Brealey, Stewart C Myers, and Frankhin Allen, Principles of Corporate Finance,
8" ed , McGraw-101l [rwin, 2006, pp 147-49, Knshna G, Palepu, Paul M 1lealy. and Victor L
Bernard, Business Analvsis and Valuation Using Financial Statements, 2 ed | 2000, pp 12-22-
12-23, Stephen 11 Penman, Financral Statement Analvsis and Security Valuation, McGraw-11il
Irwin, 2001, p 75, Tim Koller, Marc Goedhart, and David Wessels, Valuation Measuring and
Munuging the Valuation of Companies, 4™ ed , McKinsey & Company, p 296, Shannon P Pratt,
Cost of Capital, Estimation and Applications, 2™ ed , Wiley, 2002, p 83

SBBI, p 59

Richard A Brealcy, Stewart C Myers, and Franklin Allen, Principles of Corporute Finunce, 8™
ed , McGraw-Hhll Irwin, 2006, p 222, footnote §

STB Decision, p 10



approach, and yet this cstimatc fundamentally dectermines the outcome. Even
the WCTL’s expert, Mr. Crowley, csttmated 2 much higher market risk

premium of 7.1 percent in his carlier report.™

34. While the level of the cquity risk premium is the subject of considerable debate

among rescarchers in finance, practitioners oflen rely on long-horizon risk
premium cstimates because such cstimates tend to reduce the estimation error.™
As such, the 50-ycar time peniod proposcd by the STB strikes us as too short by
industry standards

35. Furthermore, the STB should be awarc of the complexity of cstimaung the

expected equity risk premium. For cxample, the SBBI, a well-known source for
these data, reports new cquity risk premium data cach year, and provides
detailed notes on its choice of market proxy (S&P 500), the cstimation peniod
(1926-prescnt), and the nsk-free rate (20-year Treasury Bonds).?* Tn addition,
there 1s no support in the financial litcrature for the use of a fixed equity risk
premium, as it ignores pertinent information about changes in the cconomic

landscape that occur over time

36. An cxample of the complexity of the exercise 1s 1illustrated by the methodology

for computing the historical risk-frec rate. While the yield to maturity of a long-
term Treasury Bond 1s an appropriatc measure of the forward-looking nsk-free
ratc, thc SBBI notes that when a rescarcher collects historical government bond
rcturn data 1n the context of estimating the CAPM, some portion of the reported
rctum is attributable to changes in the price of the government bond (which
rises and falls in response 1o general economic conditions and 1s therefore not

risk-free). Therefore, only that portion of the return associated with the default

22

N

Vernified Statement of Thomas D Crowley, Apnl 28, 2006, p 16, m WCTL Comments

See I'm Koller, Marc Goedhart, and David Wesscls, Valuation  Measuring and Managing the
Valuation of Compames, 4® ed, McKinsey & Company, p 298, which advocates using “the
longest period possible,” and the SBBI, pp 82-83, which notes that, *“[U]sing a longer historical
perod provides a more stable estimate of the ﬂulty risk premium ™ Sce also Shannon P Prat,
Cost of Caprtal. Estimation and Applrcations. 2% cd . Wiley, 2002, p 61, which contains a section
titled “Ibbotson Associates Is the Pnmary Source of Histoncal Risk Premaum Data ™

SBBI, Chapter §
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risk on the coupon payment, and not the nterest rate nsk, can be considered
truly nsk-free.  For cxample, the SBBI reports that the total return on a long-
term government bond 1n 1971 was 13.23 percent, Of this return, roughly hailf
(6.32 percent) was attributable to the coupon payments and roughly half (6 61
percent) was attributable to changes 1n the price of the bond Only the former
can be considered risk-free in the context of the CAPM. The SBBI adjusts 1its

computation of the historical risk premium accordingly. ™

37 We also note that the time perniod used by the SBBI begins with 1926, and so the
SBBI 1includes many years of data that the STB proposal would 1gnore. We
would favor startmg at lcast with 1926, 1f not carlier, and relying on a standard
source such as the SBBI, rather than relying on a umque nisk premium
calculated by the STB.

38 As shown in Exhibit 2, the tme peniod used by the rescarcher has a significant
impact on the estimate of the market nsk premium. The STB’s choscn
estumation period docs not make usc of all the available historical data. By
ignonng these addiuonal data, the STB significantly reduccs the expected cquity
nisk premium by up to | 9 percentage points (7 1 percent — 5 2 percent).

F. Summary of Alternatives to the Proposed Implementation of the CAPM

39 To the extent that the STB will use the CAPM going forward, we believe it 1s
critically important that key mputs to thc CAPM not be cstimated 1n the manner
proposed by the STB. All of the key inputs to the CAPM arc available through
highly rcputable [inancial data providers using methodologics that arc supcrior
to those proposed by the STB. The use of thcsc commcrcially available
cstimates would be a cost-effective way to make the process more open and

transparcnt

40 While these sources will result in a range of cstimates for the key inputs, we

believe the STB should consider the entire range of cost of cquity cstimates that

2 SBBI, pp 75-77 Bond return data are from pp 239-243
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41.

42,

43.

result from these inputs. To do otherwise would create an impression of [alse
precision that we believe is detrimental to the regulatory process. When faced
with a range of cstimates, we belicve the STB should adjust the cost of equity 1t
actually employs 1n regulatory decisions only when the central tendency of the

eslimates points (o a higher or lower rate than was used in the past.

Cxhibits 3a and 3b show the cost of equity estimates as of December 2005 and
September 2007, respectively, that result from using mputs provided by three
well-respected financial data providers. In order to 1solate the cffect of beta on
the cost of equily estimales, the risk-Irce ratc proxy and thc market nsk
premium (from thec SBBI) arc held constant 1n cach of the bottom three pancls
As Exhibits 3a and 3b show, the differences in betas among the [inancial data
providers gencrate significantly different cost of equity estimates. For example,
the cost of equity estimate in Exhibit 3a for Burlington Northern using Ibbotson
betas 1s 9.13 percent, while the estimate increases to 11.33 percent using Value

Line hetas.

When comparing the cost of equity cstimates that result from the different data
sources, Exhibit 3a shows that for every railroad the STB estimates arc the
lowest -- 1n many cascs by a considcrable amount Exhibit 3a shows that the
STB cstimates as of December 2005 (7 8 percent to 8.7 percent) fall completely
below the range we find using more appropriatc CAPM nputs from commercial
data providers (8.8 percent 1o 13.1 percent, with a median vatue of 11.1
percent). When the CAPM inputs are updated to Sepiember 2007 valucs,
Exhibit 3b indicates that the cost of equity estimates increase further, with the
new range being 10.5 percent to 16.6 percent, with a median value of 12.4

percent

Given the description of the STB’s proposed CAPM implementation 1n its
August 14, 2007 dccision. at lcast some of the methodological differences
between the STB’s CAPM inputs and those of the commercial providers are
known A major contributor to why thc STB"s cost of cquity cstimates arc

unduly low 15 the marketl nsk premium discussed earlier in connection with

14



Exhibit 2 In addition, the STB uscs 10 ycars of monthly returns to estimate
betas, whercas the commercial providers use S5 years of monthly data or between
2 and 5 ycars of weckly data. The STB uses NYSE data to estimate beta while
some commercial providers use the S&P 500 as an alternative market proxy.
Finally, we used a 20-ycar Treasury Bond rate as a measure of the nsk-free rate
to bec consistent with the mecthodology used to compute the market risk
premium. In contrast, thc STB’s risk-free ratc appears o be based on the 10-

ycar Treasury Bond rate.
I11. THE STB HAS NOT JUSTIFIED ITS EXCLUSION OF THE DCF MODEL

A. The STB's Position Regarding the DCF Model

44. The STB proposes 10 1gnore the DCF model going forward on grounds that a
onc-stage DCF mode! is unrealistic and the defimition of the mulu-stage DCF

model is “arbitrary.™*

45, The relative rankings of cstimates gencrated by different cost of equity models
arc difficuit to predict We do not belicve that the CAPM is more
straightforward than thec DCF or more rcliant on objcctive facts. As noted
above, both models require judgment in order to be properly apphied Neither
mcthod should produce consistently higher or lower cstimates of the cost of

cquity than the other

46 The STB should continuc giving weight to the results of a DCF model, in
combination with the CAPM approach described above.

B. The Multi-Stage DCF Modecl

47. Whilc we understand the reluctance of the STB to rcly on a single-stage DCF
modcl, multi-stage DCF models arc widely accepted by cconomusts and

rcgulators. For example, we understand that FERC continues (o use a two-stage

26

STB Decision, pp 5-6



48

49.

50.

DCF model in some of its dehiberations.”” A sigmificant point in favor of the
DCF modecl is that it 1s forward-looking n nature, thus focusing on the
industry’s future capital nceds. In contrast, the CAPM, as discussed previously,

rclics entirely on historical data.

We belicve that a three-stage DCF model would be a uscful cross check for the
STB. LCstimates from a three-stage DCF model arc published annually in the
Ibbotson Associates Cost of Capital Yearbook, and so these estimates represent
a rcadily availablc alternative to the CAPM that does not requirc any additional

resources on the part of the STB or the parties mnvolved

Ibbotson reports that the median cost of capital for SIC 4011 (Railroads, Linc
Haul Operating) generated by the threc-stage DCF modcl was 11 5 percent 1n
March 2006 and 11.4 percent in March 2007. In contrast, Ibbotson reports the
median cost of cquity gencrated by the CAPM was 12 1 percent in March 2006
and 11.0 percent in March 2007.2® Thesc results iflustrate that, when properly
implemented, alternative approaches may serve as a useful cross check without

gencerating an unworkably wide range of estimates

While the Ibbotson methodology reflects specific choices and judgments made
by that organization, we belicve these choices are sensible from an cconomic
perspective. In the three-stage model, each firm's camings growth ralc during
the first five years 15 taken to be the consensus estimate of industry analysts.
The firm's growth rate during years 6 through 10 s thce average of the
conscnsus analysts’ estimates for the carnings growth of the industry as a whole.
Starting in ycar 11, the firm’s growth rate is taken to be the long-run growth rate

of the aggregate cconomy 9

a7

24

See, for example, Federal Lnergy Regulatory Commission. Cosr-of-Service Rutes Manual,
Washington, D.C . June 1999, 68 FERC q 61,032, Order Affirming in Part and Reversing in Part
Imitial Decision, Ozark Gas Transmuission System, Docket Nos RP94-105-002 (Phase [} and
RPY4-105-003, July 7. 1994, and 117 FFRC { 61,077, Opimon No 486, Kem River Gas
Transmission Company, Docket RP04-274-000, Opinien and Order on Iniial Decision, Octoher
19, 2006

Ibhotson Associates. Cost of Capital Yearbook, 2006, p 4-4, and 2007, p 4-4
SBBIL, p 68
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52

The Ibbotson three-stage approach 1s attractive because it is consistent with
various life-cycle valuation models bascd on company and industry growth.
The [irst growth ratc allows for the integration of any cxceptional near-term
growth potential perceived by the financial community  The sccond rate allows
for competitive forces that tend to equalize returns across firms n an industry
over time, while still allowing for differences in performance across industrics
Fnally, the third rate reflects the fact that any barricrs to competition across
industrics tend Lo break down over ime, which contributes to bringing industry

growth ratcs mto linc with the growth of the aggregate cconomy.'

The use of a multi-stage DCF modcl as a cross check on the CAPM results
would also help to ensure a degree of consistency with prior STB decisions  As
we indicated 1n our carlier filings, in regulating an industry, great care must be
taken to avoid creating incfficicnt investment incentives and to avoid abruptly
and sigmficanlly changing thc rcgulatory cnvironment that influcnced past

investment decisions.

o

SBBI, p 68
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[, R Glenn Hubbard, declarc under penalty of perjury that the foregoing is true and

correct.

Executed on September _Zz_, 2007
R. Glean Hubbard
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Exhibit 3a
CAPM Inputs and Implied Cost of Equity According to the STB and Professional Providers
2005
STB Estimates, as of December 20035
Rallread Risk-Free Rate Beta Risk Premium  Cost of Equity
Burlington Northern Santa Fe Corp 425% U085 520% 8 69%
CSX Comp 425% 083 520% 857%
Norfotk Southern Corp 425% US8S 520% 8 69%
Umion Pacific Corp 425% 068 5.20% 7 78%
ibbotson 5-Year Monthly Esumates, as of December 2005
Railroad Risk-Frec Rate Beta Ruisk Premium  Cost of Equity
Burlington Northern Santa Fe Corp 460% 064 708% 913%
CSX Corp 460% 0OR3 708% 10 48%
Norfolk Southern Corp 460% 089 7 08% 10 90%
Union Pacific Corp 460% 059 7 08% R 78%
Value Line 5-Year Weekly Estimates, as of December 2005
Railroad Risk-Free Rate Beta  Risk Premium  Cost of Equity
Burlington Northern Santa ke Corp 460% 095 7 08% 11 33%
CSX Corp 460% 100 708% 11 68%
Norfolk Southern Corp 460% 100 T (8% 11 GR%
Umion Pacific Corp 460% 085 T 08% 10 62%
Bluombﬂ 2-Year Weekly Estimates, as of December 2005
Railread Risk-Free Rate Beta Risk Premium  Cost of Equity
Burlington Northern Sunta Fe Corp 460 094 708% 11 23%
CSX Corp 460% 120 708% 1307%
Norfolk Southern Corp 460% 119 708% 13 01%
Union Pacific Corp 460% 081 7 08% 10 32%
Median (Non-STB Estimates) 11.06%

Notes and Sources

[1] Cost of Equity — [Risk-Free Rate] + [Beta]*| Risk Premium|

[2] STB nsk-free rate. beta, and risk premium estimates are from STB workpapers

[3] The risk-free rate and nisk premium vsed with the Ibbotson, Value Line. and Bloomberg estimates are from
Stocks, Bunds, Bills and Inflution, Market Results for 1926-2006, 2006 Yearhook, Valuation Edition, Ihbotson,
pp 59and 72 The nsk-free rate represents the yicld on the 20-year U § Treasury Bond as of December 31,
2005 The nsk premium 1s measured over the perniod 1926-2005

[4] Ibbotson betas are unadusted OLS betas from the Ibbotson Beta Book, First Fdiiion 2006 (Data through
December 2005) [bbotson also provides adjusted betas

[5] Value Line betas arc from Value Line, nisk-free rate and equity nsk premium are from SBBI, sec note [3] Value
Line provides only adjusted betas, which are shown here

[6] Bloomberg betas are unadjusted QLS hetas from Bloomberg. nisk-free rate and equity risk premium are from
SBBI. scc note [3] Bloomberyg also provides adjusted betas



Exhibit 3b
CAPM Inputs and Implied Cost of Equity According to Professional Providers
2007

Ibbotson 5-Year Monthly Estimales, as of September 2007
Railroad Risk-Free Rate  Beta Risk Premium Cost of Equity
Burlmgton Northemn Santa Fe Corp 4 90% 109 713% 12 65%
CSX Corp. 4 9% 106 T13% 12 46%
Norfolk Southern Corp 4 90% 08’5 713% 10 95%
Union Pacific Corp 4 9% 0719 713% {053%

Value Line §-Year Weekly Estimates, as ol September 2007
Railroad Risk-Free Rate Beta Risk Premium  Cost of Equity
Burhington Northern Santa I'e Corp 4 90% 100 713% 1203%
CSX Corp 4 90% 105 713% 1239%
Norfolk Scuthern Corp 4 90% 105 713% 12 39%
Union Pacific Corp 4 90% 095 713% 11 67%

Bloomberg 2-Year Weckly Estimates, as of Septemher 2007
Railroad Risk-Free Rate Beta Risk Premium  Cost of Equity
Burlington Northern Santa Fe Corp 4 90" 1 50 7 13% 1561%
CSX Corp 4 90% 102 713% 12 14%
Norlolk Southern Corp 490% 1 64 713% 16 62%
Union Pacific Corp 490% 140 7.13% 14 91%
Median 12.39%

Netes and Sources

[1] Cost of Lquity = [Risk-I ree Rate] | [Beta]*[Risk Premium]

|2] The nsk premium used with the above cstimates 1s from Stoc ks, Bomds, Bills and Inflation, Market Results for 1926-
2006, 2007 Yearbook. Valuation Editton, Momimgstar, Inc, p 72 The risk premium 1s measured over the perod
1926-2006

[3] The nisk-free rate represents the yicld on the 20-year U S Treasury Bond as of August 31, 2007, and 1s from
hitp //mww federalreserve govireleases/hl S/duta/Weekly_Fridav /1115 TCMNOM_Y20 ixt , accessed on September
20, 2007

[4] Due to the absence of recently published esttmates, Ibbutson betas are obtamned by regressing 5 years of monthly
retumns of cach railroad stock on 5 years of monthly returns of the S&P 500. which 1s the method used by [bbotson

[51 Value Line betas are from Value Line, risk-tree rate and equity nisk premium are from Ibbotson, see notes [2] and [3]
Value Line provides only adjusted betas, which are shown here

[6] Bloamberg betas are from Bloomberg, risk-free rate and equity risk premium are from [bhotson, see notes [2] and [3]
Bloomberg also provides adjusted betas



VERIFIED STATEMENT OF STEWART C. MYERS

1. INTRODUCTION

I am the Robert C. Merton (1970) Professor of Finance at MIT's Sloan School of
Management, a Rescarch Associate of the National Burcau of Economic Rescarch and a
Principal of The Brattle Group, Inc | am past President of the American Finance Association
and co-author, with Richard Brealcy and Franklin Allen, of Principles of Corporate Finance,
now in its 8" cdition A more detailed statcment of my qualifications 1s attached as Appendix A.

Most of my rescarch and teaching focuses on corporate investment and financing
decisions, including capital investment dccisions, the choice between debt and cquity financing
and the measurement and usc of the cost of capital. 1 have consulted 1n several industnes,
including the cnergy, mining, software, banking and pharmaccutical industrics. I have served as
cxpert witness in major cases and regulatory proceedings 1n scveral industnes, including ol
pipelines, telccommunications and railroads. | have prepared and submitted venified statements
to the Surface Transportation Board (thc Board or the STB) on three previous occasions These
statcments dealt with railroad revenue requirements, the risks of railroad investment and the
revenues required to support new capital investment.'

Counscl for the Association of Amcerican Railroads (AAR) have asked me to review and
cvaluate the recent Board decision on the methodology for determining the cost of capital for the

U S. railroad industry (the Proposcd Methodology).” The Board proposes to adopt the capital

! Verified Statements of Stewart C Myers in FMC Corporation v. Union Pacific Railroad
Company, Docket No 42022, 1999; Wisconsin Power and Light Company v. Union Pacific
Railroad Company, Docket No. 42051, 2000, and PPL Montana v. Burhngton Northemn and
Santa Fe Railway Company. Docket No. 42054, 2001

* “Methodology to be Employed in Determining the Railroad Industry's Cost of Capital,™
STB Ex Partc No 664, August 14, 2007. A two-page supplcment correcting crrors in two tables



asset pricing model (CAPM) formula to compute the railroad industry’s cost of cquity capital. It
proposes to discard a discounted cash flow (DCF) formula that it has uscd for many ycars for this
purposc

The cost of equity is the key input to the industry’s weighled average cost of capital
(WACC). The cost of cquity is also thc most difficult input to cstimate. It is not a contractual
obligation like the cost of debt Tt 1s the expected rate of return required by investors 1n the
common stocks of the major railroad companics.

The Board's most recent cost of capital decision was 1ssued in September 2006 for the
ycar 2005.% The decision used the DCF formula to get a cost of equity of 15.18%, which was
blended with other inputs to get an overall weighted average cost of capital (WACC) of 12.2%
The WACKC calculation was:

WACC = Cost of debt x Debt weight + Cost of equity * Equity weight
— 0536 x.3041 ~ 1518 x.6959 =.1219, rounded to 12 2%

This WACC was a blend of a 5.36% interest rate on railroad industry dcbt with the industry cost
of equity of 15.18% Thc weights were the fractions of debt and equity 1n the industry’s market-
value capital structure. Using market values, the industry was about 30% debt financed and 70%
cquity financed

The Board's new proposal uscs the CAPM formula to get an cstimated 8.4% cost of
equity, reducing the industry WACC for 2005 to

WACC = Cost of debt x Debt weight +  Cost of equity X Equity weight
=.0536 x.304] + .084 x.6959 — 0750r7.5%

The proposcd cost of equity and WACC are dramatically lcss than the Board previously

was 1ssucd on August 20, 2007. I also reviewed work papers for the calculations in these tables.

? “Railroad Cost of Capital — 2005, STB Ex Partc No 558 (Sub-No. 9), Scptember 15,
2006.
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calculated. The Board’s Proposed Mcthodology would have cut the estimated cost of equuty for
2005 almost in half, from 15.2% to 8.4%.

Getting the cost of capital right is important. Railroads that consistcntly camn at Icast their
cost of capital arc “revenuc adequate ™ Railroads have not been revenuc-adequate under the
Board’s previous cost of capital methodology, but the new CAPM methodology would make
them appear so. 1 understand that railroads deemed revenuc-adequate could face limits on what
they can charge for transportation. Such limits could also limit profitability and undercut the
mcenuve to mnvest, slowing the pace of modernization and expansion of capacity in the railroad
industry.

My report is organized as follows Scction 2 surveys the issucs encountered in cstimating
the cost of cquity by the CAPM. Scction 3 cvaluates the specific numerical and statistical
procedures chosen by the Board in its proposced implementation of the CAPM. Scction 4 covers a
two-stage DCF model considered and rejected by the board, and also discusses such models
generally. Section 5 restates my conclusions and notes some broader 1ssues that will need the

Board's further attention.

Preview of conclusions

The Board’s Proposed Methodology overstates the validity and accuracy of the CAPM.
The CAPM 1s very useful, particularly for unregulated companics, but the CAPM docs not give
defimte answers. There are no consensus mputs to the CAPM, and thercfore no consensus
output The CAPM gencrates a range of cost-of-cquity cstimates. The Board should take care
that its CAPM cstimates are in the heart of the range and not near or below its lower boundary.

Given the CAPM''s imprecision and imperfections, the Board should not rely on 1t
exclusively It should not 1gnore cvidence from DCF modcls These models are at very lcast a
useful check on the CAPM.

The Board’s proposed CAPM calculations are inconsistent and idiosyncratic. They do not
follow standard practice. The calculations would gencrate downward-biascd cstimatces of the cost
of equity capital.

The Board should weigh the costs of underestimating the true cost of equity against the
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costs of overestimating il. Underestimates are generally more costly They deter capital
investment, for example If the Board wants to encourage the railroad industry to modermize and

expand capacity, it 1s better off scttling on a higher cost of equity than a lower one

2. ESTIMATING THE COST OF EQUITY

The Board has estimated the railroad cost of capital annually since 1982, using the

followng DCF formula:

Cost of cquity — D/P + g — Dividend yicld + expected growth rate,

where D is the average dividend over the next year,* P 1s the current stock price and g 1s the
forecasted long-term growth rate of carmings and dividends.

This formula assumes that the growth rate g 1s constant for the very long run, strictly
speaking in perpetuity The Board has estimated the growth rate by averaging secunity analysts’
forccasts for carnings growth Thesc forccasts look out at most five years. [f the forecasts arc
temporanly high — higher than the railroads can sustain in the long run  then the DCF formula
will overstate the cost of cquity.

The Board’s cost of capital decision for 2005 used an average industry growth rate of g —
13 66%. bascd on an average of contcmporancous analysts’ forecasts. These forccasts were
probably rcasonable for the following few ycars, but no company can grow by more than 13%
per year in perpetuity

There are alternatives to the constant-growth DCF formula Two-stage DCF formulas
distinguish ncar-term from long-lerm growth. Analysts® [orecasls can be used for the first stage
and a modcrate, susiainablc growth rate subsiituted for the long term. The Board's Proposcd
Mecthodology presents a two-stage DCF model and results, but rejects this model in favor of the

CAPM. | review this iwo-slage model in Section 4.

4 The average dividend includes one-half year's growth, that is, the current annual
dividend rate multiplied by 1 — g/2.



The Capital Asset Pricing Model

The CAPM says thal each firm'’s cost of equity depends on the risk of its common stock,

measured by beta (B). The formula 1s.

Cost of equity = R = Risk-frec interest rate + beta x Markel nisk premium

R = RF + B(RM - RF) = RF + B xMRP

The risk-free mterest rate RF 15 typically a Treasury rate. The market nsk premium (MRP) 1s the
cxpected future difference between returns on the overall stock market and returns on investment
in Treasury bills, notes or bonds. Beta is the future market risk of the stock, which depends on its
volatility and its corrclation with the market return. An average-risk stock has a beta of 1.0,
Betas estimated from past returns range mostly from 0.4 or 0.5 (relatively low risk) to 1.5 or
above (high nsk).

The CAPM formula looks easy to use, and it is widely used in practice by corporations
that estimate or update their cost of capital The CAPM can be unreliable, however, for two
broad reasons.

First, the CAPM is an economic hypothesis that should explain differences in average
returns on common stocks If thc CAPM were truc, then low-beta stocks would (on average and
over the long run) deliver lower rates of return than high-beta stocks. Average rates of return on
portfolios of low- or high-beta stocks should be proportional to the portfolio betas times the
market nisk premium  This prediction 1s not true. Average rates of return do increase with beta,
but not by as much as the CAPM predicts The relationship between beta and average returns 15

particularly weak over the last few decades.” Thus the CAPM understates average returns on

“Scc Fig 8 10atp 195inR. A Brealey, S. C. Myers and F Allen, Principles of
Corporate Finance, 8" cd , MecGraw-Hill Irwin, 2006 Chapicr 8 of this book revicws the
cvidence pro and con the CAPM. Scc also E F. Fama and K. R. French, “The Capital Asset
Pricing Model- Theory and Evidence,” Journal of Economic Perspectives 18 (Summer 2004),
25-46.



low-beta stocks and overstates average returns on high-beta stocks. In addition, stocks with small
market capitalizations have done better than the CAPM predicts and growth stocks (stocks with
high ratios of stock price to book value per share) have done worse The CAPMs recent
cmpirical performance has not been impressive

Perhaps this adverse evidence is spurious Perhaps the CAPM will work fine in future
dccades. But the evidence to date suggests that the CAPM (heory is at best incomplete.

Second, the CAPM is not casy to use cven if the CAPM theory is accepted as truc.
Difficultics include the following.

Forecasting beta. The CAPM is used to cstimate cxpected future rates of return. It
requires forecasted future betas. Betas are estimated from past returns, but betas can change and
beta cstimates are hable to statistical noise and crror. Beta estimates depend on the peniod chosen
and on the estimation method

Bctas cstimated (rom past returns can be acceptable forccasts of fulurc betas when the
cstimates have been reasonably stable But betas cannot be pinned down preciscly. There 1s no
consensus beta, as Table 1 illustrates. The table contains cstimates of railroad betas from several
public sources. Pancl A of the table reports recent estimates Pancl B reports estimates through
the end of 2005. Note the variation, for cxample the diffcrence between the Value Line betas and
the Yahoo Finance 36-month betas in Pancl A, The Yahoo estimates suggest that some railroad
betas have increased recently

The market risk premium. The CAPM calls for investors’ current forecast of the
avcrage difference between the return on the overall stock market and the return on nisk-free
Treasurics. There 1s no consensus MRP. 1listorical MRPs can be used to forccast futurc MRPs,
but good statistical estimates of the past average MRP require very long periods of time. The
most commonly cited averages run from 1900 or 1926 to date, although estimates that exclude
the Great Depression and World War 11 are also usceful Average MRDPs for shorter periods are
lcss precise. MRPs averaged over decades or 20- or 30-year peniods arc useless - there 1s too

much statistical noisc 1n the estimates ©

® Betas arc casicr to cstimate that MRPs. Useful (but not precisc) estimates of past betas
can usually be obtaincd from five ycars of monthly or weekly retums.
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Investment horizon. The CAPM s a short-tecrm model It assumcs that investors set
portfolio strategy for the current peniod and rebalance at the end of the period. The length of the
period is usually taken as onc ycar or less. But the railroad cost of caputal 1s a longer-term return,
because railroads hold long-lived assets Thus a long-term cost of equity has to be gencrated
from the short-tcrm CAPM The CAPM will give different answers depending on the method
uscd.

These difficultics mean that the CAPM cannot be used mechanically. The CAPM
formula gencrates a specilic number for the cost of equity, but that number 1s not a precise
measurement There is no consensus beta and no conscnsus MRP. There arc diffcrent methods
for generating a long-term cost of capital. Therclore there is no conscnsus CAPM result. A
CAPM cost of cquity is onc point 1n a range of possiblc cstimates.

The Board says that the “CAPM 1s widely considered to be the supenor financial model
and 15 now thc dominant modcl uscd by companies and investors in the marketplace ... "
(Proposcd Methodology, p 6) This statcment 1s broadly true 1 the usc is cstimating the cost of
capital for unrcgulated public companies DCF modcls arc poor fits to many unregulated firms,
particularly growth firms with low or zero dividend yiclds Unregulated firms have turned to the
CADPM, despite its shortcomings, because it 1s a simple and logical formula and because there 1s
no better practical alternative. Also, thesc firms are estimating a discount or hurdle rate for
internal use, not in a contested public setting In my experience they do not apply the CAPM
mechanically. For example, thcy smooth over implausible fluctuations in beta and usc judgment
to set a reasonable MRP. They can round up or down if thc CAPM formula gives unrcasonably
low or hugh numbers.

The CAPM may be a “superior financial model™ for unrcgulated [irms, but it 1s not the
only useful model for regulated firms For example, the Federal Energy Regulatory Commission
(FERC) uses a version of the DCF formula with adjustments to atienuate analysts’ forccasts of
carnings growth. The FERC also gives explicit ranges for the cost of equity, recognizing the
incvitable imprecision in cost of equity cstimates, regardless of whether CAPM., DCF or both
methods arc uscd.

[ am not recommending that the Board rcject the CAPM model and retumn to sole rehiance
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on the constant-growth DCF formula. But it should not take the CAPM as literally true, and it
should recognize that the CAPM gencratces a range of cost of equity cstimates, not a precise
mcasurecment. The Board should take care that its CAPM cstimates are in the heart of the range
and not at the lower end ol 1t.

Given the CAPM’'s imprecision and imperfections, the Board should not rcly on 1t
cxclusively. It should not ignore evidence from other sources, including DCF models. These

models arc at very least a useful check on the CAPM.

3. CALCULATING THE COST OF EQUITY FROM THE CAPM

Section 2 covered the DCF and CAPM modcls gencerally. 1 now turn to the specific
procedurcs that the Board proposcs to follow. Recall the CAPM formula:

Cost of equity — R = Risk-frec interest rate + beta x Market risk premium

R — RF + B(RM - RF) = RF ~ B » MRP

I have rephcated the Board's calculations 1n the Proposed Methodology to close tolerances.” For

cxample, the calculation for Burlington Northern in 2005 was

R =RF + pBxMRP = .04251 + 0.853 > .052 = 0.0869 or 8.67%,

The Board uscd a nisk-frec rate of 4.251%, a market risk premium of 5.2% and a beta for
Burlington Northern of (¢ 853.
Table 2 summarnizes how the Proposed Methodology would calculatc CAPM cost-of-

equity estimates My discussion follows

7 The Board's description of its Proposed Methodology lacks detail. I assumc that the
ability to rephcate the Board's numerical results reveals the detail. I stand ready to review
additional information about the Board’s assumptions and procedures.



Risk-free rate. The risk-[ree interest rate appears twice in the CAPM, first as the
constant tcerm RF and also in the MRP (The MRP is defined as the expected spread (difference)
between the return on the market and the return on risk-free investments.) The same risk-frec
rate should be used 1n both places.

The Board proposcs to usc the annual average yicld 1o maturity on ten-year Treasuries as
the constant term RF. If this ratc is used, then the MRP should be defined as the average spread
between rates of return on the stock market, defined as the New York Stock Exchange (NYSE)
Index,? and rates of return on Treasunces of the same ten-ycar maturity. Instead the historical
MRP was apparently calculated using income returns (current yields, not yields to matunty) on
long-term, 20-year Treasuries This 1s a mismatch and inconsisiency. In addition, use of long-
instead of medium-term interest rates will reduce the MRP, since long-term Treasurics have, on
average, generatcd higher rates of return than shorter-maturity 1ssucs.

Market risk premium. The MRP uscd n the Board's CAPM calculation 1s a 50-ycar
average. The MRP from 1956 to 2005 15 5 2%.

Fifty ycars 1s a long time for many purposes, but not for measuring the MRP. The noise
created by stock-market volatlity makes it difficult to pin down the true average. The sample-
average MRP, which incorporates the market's random volatility, can be very different from the
MRP that investors expected. A statistician’s confidence limit around the 5.2% average MRP for
1956 to 2005 spans a range of about + 4.5%, from 0.7% 10 9 7% *

Given this imprecision, standard sources for historical-average MRPs have turned to
longer, not shorter time peniods Table 3 gives average MRPs vs long- and short-term Treasury

returns for three longer periods, including 1947-2008, a period that capturcs almost all postwar

* I do not understand why the Board uscd the NYSE Index, which for long time senies
rcquires data from the Center for Rescarch in Sccurity Prices (CRSP) data base. The most widely
used index is the Standard & Poor’s (S&P) Composite Index Returns on the S&P index arc
widcly available.

® The standard deviation of annual risk premmms from 1956 to 2005 was 15.96%. The
standard crror cquals the standard deviation divided by the squarc root of the 50 obscrvations,
that 1s, by 7.07%. Thus the standard error 1s 15.96/7.07 = 2.26%. The confidence limit is + 2 x
2.26 =4.52%.



experience The Board's proposed 5.2% MRP 1s lower than any of thesc longer-term averages. '

The Board’s MRP 1s calculated from the NYSE Index. This index 1s not as widely used
as the Standard & Poor’s Composite Index, the “S&DP 500 ™ Table 3 also includes risk premiums
for the S&P index.

Beta. The Proposed Methodology for beta uses ten years of monthly data for cach
ratlroad stock and the NYSE Index. The index 1s a proxy for returns on the overall stock market
Each month the rates of return on the railroad stock and the market are recorded and a nsk-free
interest rate 1s subtracted from cach. Thus the beta estimates arc based on monthly nisk
premiums, not on total returns. That 1s OK., except that monthly nsk premiums should be
computed with short-term interest rates Instcad the Proposed Mcthodology uses ten-year interest
rates, that 1s, the yield to maturity on ten-year Treasurics ' This is 1llogical and inconsistent.”
Using a ten-year yicld to maturity as a short-term interest rale makes no sensc at all.

Ten years 1s not the standard cstimation period Most standard sources usc five years ol
monthly or weekly returns. Experienced practitioners do look at longer periods to check the
stability of betas over fime, but they do so by cxamining a serics of five-year beta estimates
rcaching back 15 or 20 years. They do not just run onc ten-ycar estimate (The Board'’s solc
rehance ten-year betas is particularly questionable because the sample periods include the
dot.com boom of the late 1990s )

Expericnced practitioners also understand the statistical noise in estimated betas. Table 4
reports standard crrors and confidence himits for the Board's proposed beta estimates for 2005

The standard crror measures the lack of precision in the cstimates. The confidence limit,

1® Some rescarch argues that the expected future MRP is probably less than historical
averages. For example, scc E Dimson, P. R. Marsh and M. Staunton, Triumph of the Optimists
101 Years of Investment Returns, Princcton University Press, 2002 But the Board’s Proposcd
Mcthodology relies solely on historical data.

"' The Board’s procedure requires an interest rate for cach month to calculate a monthly
risk premium. It appears that they used the ten-ycar yicld to maturity for cach month, converted
to a monthly rather than annual rate.

' In addition, the Proposed Methodology does not allow a constant term 1n the least-
squares regression used to cstimate beta. This is not standard practice. A constant term should
have been included to capture other factors affecting returns and risk premiums.
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following standard statistical practice, adds and subtracts two standard errors. The confidence
limits should dispel any view that betas can be estimated with close accuracy."
The difficulty of estimating betas precisely explains why there are no consensus betas,

and why betas from standard sources often differ.

Taken together, it’s clear that the Board’s proposed CAPM calculations are inconsistent
and idiosyncratic. They do not follow standard practice. The calculations would generate

downward-biased estimates of the cost of equity capital.
Example of standard practice

An example of standard practice may be helpful. I start with the yield to maturity on
long-term Treasuries at the end of 2005, which was 4.7%. I use a MRP of 6.6%, which is the
historical average from 1900 of the difference between returns on the stock market and returns
on long-maturity Treasuries. (Sec Table 3.) Thus long-term Treasury returns are used for both
the constant (RF) and the MRP in the CAPM formula. Then I use 2005 Value Line betas. (Value

line is a standard source that is usually reliable.) The result for Burlington Northern is:
R =RF + BxMRP = .047 + .95x.066 =.1097, about 11%

The weighted-average cost of equity for the four major railroads changes from 8.4% in the
Proposed Methodology to 10.9% using this standard procedure.

Of course this is an illustration, not a consensus estimate. It is one point in a range of
estimates that could be generated by different sources for betas (or different methods for
estimating betas), by different estimates of the future MRP or by moving from long- to shorter-

maturity interest rates. Specifying the most reasonable range for the cost of equity will require

13 Accuracy can be improved by estimating betas from returns on a portfolio of railroad
stocks and by looking to other information, for example betas estimated from prior periods.. But
precise beta estimatcs for individual stocks or industries are almost always impossible.
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further cxploration of these choices Nevertheless, 1 believe that my illustration will be
comfortably within the range boundarics when the boundaries are eventually sct. The Board’s
proposed cost of cquity calculations will be closc to the bottom of the range and possibly below
its lower boundary

4. IMPLEMENTING THE TWO-STAGE DCF MODEL

The Board’s decision on methodology considered a two-stage DCF model as an
altcrnative or supplement to the constant-growth DCF modecl that it has used since 1982 The
Board rejected the two-stage model, however, citing its “flexibility™ and the need for judgment
in applying it. The Board worried that * . partics could advocale a variety of outcomes by
manipulating [stage] lengths and [the] phase down [from short- to long-term growth].” (Proposed
Mcthodology. p. 5) Of course the same worrics about advocacy attend the CAPM. The CAPM
formula is rigid, but there 1s ample room for disagreement about inputs.

The Board’s Proposed Methodology offers a table comparing cost of cquity estimates for
the constant-growth DCF, a two-stage DCF and the CAPM The table (as corrected) reports two-
stage DCF cstimatcs that arc consistently below the Board's CAPM cestimates This may lcave
the impression that the two-stage modecl 1s inaccurate or downward-biased. Closer examination
reveals that the Board's two-stage DCF return was not calculated correctly.

Figure 1 explains the crror. The Board’s two-stage model assumed dividends growing at
a first-stage rate for 20 ycars. Growth was 1o decline to a long-run, second-stage rate starting in
year 21. The first-stage growth rate was based on analysts® forccasts of carnings growth The
sccond-stage ratc was sct at a long-tcrm GDP growth rate estimated by the Social Sccurity
Administration.

The resulting growth path 1s plotted in Figure 1. Initial dividends grow at a constant
compound rate until ycar 21, when growth slows down. The dividend growth path should be
continuous, as shown by the higher line at the right of the figurc The bottom linc at the right of
the figure shows the dividends actually projccted after ycar 20 in the Board’s two-stage model
Note the discontinuity. the dividend in year 21 is far below the dividend in year 20. The reason i1s

that the dividend in year 21 1s discounted fwice 1n the Board’s spreadsheet. That is, the dividend
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for year 21 1s given an arbitrary haircut by discounting 1t for an extra 20 ycars. All subsequent
dividends are projected from the (discounted) dividend in year 21, so these later dividends are
given the same haircut "

Reversing this haircut increascs the two-stage DCF cost of equity by about 2 5%, from
7 24% 10 9.76%.

There are other issues with the Board's two-stage model. Practitioners would not
normally use a 20-ycar horizon for the first stage. Five or ten years 1s more common Also, the
choice of the long-term GDP growth rate deserves more careful attention, because the cost of
cquity estimate 1s scnsitive to this input. The Board used a growth rate from the Social Security
Administration (SSA), which has been the lowest of several common choices, at least over the
past few years. For cxample, the Blue Chip forecast of long-term GDP growth for 2005 1s 5.5%,
0.9% higher than the SSA forecast of 4 6%.'* Switching to an average of the SSA and Blue-
Chip forecasts increascs the cost of cquity estimate from the two-stage DCF modcl by 0 2% to
9.96% Other forccasts could of coursc be included 1n this average.

The cxtra haircut 1s doubtless just an madvertent crror that is casily corrected. The choice
of the onc relatively low, long-term GDP growth rate 1s probably an oversight Tt scems clear,
however, that the Board did not adequately consider multi-stage DCF models as alternatives or
supplements (o the CAPM.

Two-stage DCF models do not have to be arbitrary or excessively {lexible. The two
growth rates and the duration of the [irst stage should be derived from a deeper understanding of
the industry. For cxample, it's important to distinguish carnings growth gencrated by increasing
profitability from growth from capital investment and expansion. The length of the first stage of
the DCF model may be sct by limits on profitability or by longer-term requirements for capital
investment. Also, cash available for payout to investors should increase when investment slows
down. A well-designed two-stage DCF model should be consistent with underlying trends or

changes in profitability, capital investment and payoult.

" 1t"s as if the sccond-stage dividends started in year 41, not year 21, with zero dividends
in the interim.

1> Blue Chip Economic Indicators, October 10, 2005, p. 15.
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5. CONCLUSIONS

The Board should revisit 1ts assumptions and procedures for implementing the CAPM
and the two-stage DCF modcl, correcting the inconsistencics and mistakes that I have identificd.
It should use longer spans of historical returns to calculate the average MRP It should bring its
CAPM calculations closer to standard practice.

The CAPM 1s a useful model, but Board should not take the modecl as literally truc and
complete. The Board should not rely cxclusively on the CAPM. It should not discard other
uscful information, particularly from DCF methods. The Board's traditional, constant-growth
DCF model may have given upward-biascd cstimates in 2005, but that model could work again
in the futurc. In thec meantime, uscful two-stage DCF modecls can be developed.

The Board should recognize that the CAPM gencrates a range of cost-of-equity
estimates, not a precise measurement. The Board should scek to identify reasonable boundaries
for the range and take care that its cost of equity numbers are not at the bottom of the range or
below it. (DCF models could help to identify the boundaries )

Of coursc thc Board must m the end reach specific numbers for the cost of equity. The
midpoint of the range 1s one starting point for this determination. The midpoint 1s 1n most cases
not the best answer, however

The midpoint of a range for the cost of equity may under- or overstate the true cost of
cquity Somc imprecision 1s incvitable. Given the imprecision, the Board should weigh the costs
ol underestimating the true cost of cquity against the costs of overestimating it Undcrestimates
arc gencrally more costly They deter capital investment. 1f the Board wanls 1o encourage the
ratlroad industry to modermize and cxpand capacity, it 1s better off settling on a higher cost of
cquity than a lower onc

Setting a higher cost of cquity may also give railroads a cushion to ofTsct asymmetric
risk Railroads facc asymmetric risk when competition or regulation limits upside profitability.

with no offsetting downside protection T discussed asymmetric nisk extensively in carlier
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Verified Statcments submutted to the Board.'®

1 Citations arc given in fn. 1 Scec alsoJ Hausman and S C. Mycrs, “Regulating U.S.
Railroads: The Eflects of Sunk Costs and Asymmetric Risk,” Journal of Regulatory Economics,
22 (November 2002), 287-310.
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VERIFICATION

1, Stewart C, Myers, declare under penalty of perjury, that the foregoing statement is true and
correct and that I am qualified and authorized to file this statement

Executed on September@

~,2007
( ; Stewart C. Myers Wl/(
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of the Economics of Finance, Amsterdam* Elscvier North Holland, 2003.

“R? Around thc World: New Theory and New Tests™ (with L. Jin), Journal of Financial Economucs,
February 2006. FAME (Geneva) 2005 rescarch pnze for best paper presented at several finance
conferences in 2004-2005. Roger Murray Pnze, Q-Group. 2006

“Financial Puzzles.” Journal of Apphed Finance, Spring-Summer 2006, Fall-Winter 2006 (a scrics).

A-6



APPENDIX A

STEWART C. MYERS Principal

*“A Theory of Takcovers and Disinvestment™ (with B. Lambrecht), Journal of Finance, Aprl 2007.

WORKING PAPERS

“Discounting Rules for Risky Assets™ (with R, Ruback), July 1988.

“Signaling Models of Accrual Accounting,” Junc 1988.

*“Mcasuring Profitability in the Credit Card Busincss™ (with C Lapucrta), January 1997
“Taxing Mutual and Stock Lifc Insurance Companies” (with A L. Kolbe), March 1998

*“A New Optimal Call Policy for Convertibles™ (with P. Asquith, J. Cox and C Drakos), August
1999.

“Capntal Struclure: Some Legal and Policy Issucs,™ January 2001.
“Financing Organizations™ (with R Rajan and L. Zingalcs), December 2003

“Venture Capital: An Experiment in Computational Corporate Finance™ (with Z. Fluck and K.
Garmison), November 2006.

“Debt and Managenal Rents in a Real-Options Modecl of the Firm™ (with B. Lambrecht), Journal of
Financial Economics, forthcoming.

TEACHING

Primary teaching responsibility at MIT is in the arca of finance theory and corporate financial
management. Faculty head of MIT’s Financial Engimeening Track (1999-2003).

Founder and Director of the MIT Exccutive Program in Financial Management (1969-1992),
Lecturer in MIT cxecutive programs in Corporate Stratcgy, Real Estate, Management in the
Pharmaceutical Industry and the BP Projects Academy.

Visiting lccturer in cxecutive programs at the London Business School; Programa de Gestion de
Empresas y de Technologia, Barcelona, Span, ESEADE and Instituto Argentino dec Ejccutivos de
Financas, Buenos Aires, Argentina; Catholic Umiversity of Santiago. Chile, Studio Ambrosetti,
Milan; Halfeld Consultoria, Sao Paulo, Brazil; University ofllelsinki, Finland (in Boston); Austrahan
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Executive Summary

This study 1s an assessment of the long-term capacity expansion needs of the
continental US. freight railroads It provides a first approximation of the rail
freight infrastructure improvements and investments needed to meet the U.S.
Department of Transportation’s (U.S DOT) projected demand for rail freight
transportation in 2035. The U.S. DOT estimates that the demand for rail freight
transportation — measured in tonnage — will increase 88 percent by 2035

The study was commissioned by the Association of American Railroads (AAR) at
the request of the National Surface Transportation Policy and Revenue Study
Commussion The Commission 1s charged by Congress to develop a plan of
improvements to the nation™s surface transportation systems that will meet the
needs of the United States for the 21s century

The study focuses on 52,340 miles of primary rail freight comdors, which carry
the preponderance of rail freight traffic.! These cornidors, which constitute about
one-third of all continental U.S rail freight miles, are expected to abserb the bulk
of the forecast traffic and nearly all of the investment to expand capacity

The study eshmates the need for new tracks, signals, bndges, tunnels, termunals,
and service facilities m the primary corridors. The study does not esiimate the
cost of acquiring additional land, locomohves, and freight cars, or the cost of
replacing and updating existing track, facilibes, locomotives, and freight cars.
The study assumes no shift in modal tonnage shares among rail, truck, and water
beyond those projected by the U S. DOT.

The study does not forecast passenger rail demand or estimate future passenger
rail capacity needs; however, capacity 1s provided for the long-distance Amtrak
and local commuter passenger rail services that are currently operated over rail
freight lines  Additional investment, beyond that projected in this report, will be
needed if the freight railroads host increased levels of passenger rail service The
Commussion has convened a passenger rail commuttee that 1s studying the need
for improvements and investments to support passenger rail demand through
2035 The findings of that commuttee will be reported separately

This study estimates that an investment of $148 billion (in 2007 dollars) for infra-
structure expansion aver the next 28 years 1s required to keep pace with eco-
nomic growth and meet the U.S. DOT’s forecast demand. Of this amount, the
Class I freight railroads’ share is projected to be §135 billion and the short line

! Nearly all of these pnmary cornidor miles are owned and operated by the seven Class I freight
rallroads BNSI Raillway, Canadian National (Grand Trunk Corporation), Canadian Paaific (500
Line), CSX Transportation, Kansas City Southern, Norfolk Southern, and Umon Pacific  $here
are more than 550 short line and regional freight raslroads
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and regional freight railroads’ share 1s projected to be $13 bilhon. Without this
investment, 30 percent of the rail miles in the primary cornidors will be operating
above capaaity by 2035, causing severe congestion that will affect every region of
the country and potentially shift freight to an already heavily congested highway
system

The investment requirement is dnven by three factors: demand, current system
capacity, and infrastructure expansion costs The US. DOT estimates that
population growth, economic development, and trade will almost double the
demand for rail freight transportation by 2035 The projected rate of growth over
the next 30 years 15 not extraordinary, but it comes after two decades of growth
in rail freight tonnage that has absorbed much of the excess capacity mn the
existing rail freight system Most of the moderate-cost capacity expansions have
already been made, future capacity expansions will be purchased at a higher cost
because they will require expensive new bridges and tunnels and more track and
larger terminals in developed areas.

Meeting the U.S. DOT"s forecast demand will require the Class I freight railroads
to increase their investment mn infrastructure expansion. The Class [ railroads
anticipate that they will be able to generate approximately $96 brllion of their
$135 billion share through increased earnings from revenue growth, higher vol-
umes, and productivity improvements, while continuing to renew existing infra-
structure and equipment. This would leave a balance for the Class | freight
railroads of $39 billion or about S1 4 billion per year to be funded from railroad
investment tax incentives, public-private partnerships, or other sources

These investment projechions assume that the market will support rail freight
prices sufficient to sustain long-term capital investments. If regulatory changes
or unfunded legislanhve mandates reduce railroad earnings and productivity,
investment and capacity expansion will be slower and the freight railroads will
be less able to meet the U.S. DOT's forecast demand.

The findings of this study provide a starting point for assessing future rail freight
capacity and investment requirements. The findings outline the improvements
and mvestments required for the railroads to carry the freight tonnage forecast
by the US. DOT. Additional work 1s needed to determine how much more
capacity and investment would be needed for the railroads to increase their share
of freight tonnage and reduce the rate of growth m truck traffic on lmghways.
Finally, the forecasts and improvement eshmates in this study do not fully
anticipate future changes 1in markets, technology, regulation, and the business
plans of shippers and carners Each could sigmificantly reshape freight trans-
portation demand, freight flow patterns, and railroad productivity, and, thus,
rail freight infrastructure nvestment needs

In summary, the findings point clearly to the need for more investment 1n rail
freight infrastructurc and a national strategy that supports rail capacity expan-
sion and investment.
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Objective

The objective of this study 1s to identify rail freight infrastructure improvements
and investments in the continental U.S. rail network that will allow the freight
railroads to meet the US Department of Transportation™ (U S. DOT) projected
demand for rail freight transportation in 2035. The US DOT estimates that the
demand for rail freight transportation—measured in tonnage—will increase
88 percent by 2035. This projected rate of growth over the next 30 years is not
extraordinary, but it comes after two decades of growth in rail freight tonnage
that has absorbed much of the excess capacity in the existing rail freight system
The study assumes no shift in modal tonnage shares among rail, truck, and water
beyond those projected by the U.S. DOT

The study looks at infrastructure improvements that expand the capacity of rail
lines, bridges, tunnels, termmals, and service facilities along the 52,340 miles of
primary rail corridors within the U S. owned and operated primarily by the seven
Class I raillroads— BNSF Railway, Canadian National (Grand Trunk Corporation),
Canadian Pacific (Soo Line), CSX Transportation, Kansas City Southern, Norfolk
Southern, and Union Pacific These primary corridors constitute about ene-third
of all US. rail miles and carry the preponderance of rail freight traffic.

The investment estimates include capital costs for expansion only; that is, the
cost of the new rail lines and support facilihes needed to accommodate future
demand. ‘The estimates do not include costs to maintain and operate the new rail
lines and support facilities, acquire additional locomotives and railcars to pro-
vide services; or operate, maintain, and replace existing rail hines and facilities.
Finally, the study does not include the costs to rail shippers to accommodate
growth in rail traffic volumes at their facilities The study does include a general
eshmate of the mvestment required to bring the weight-bearing capacity of
Class I branch lines and short line and regional railroad hines up to current
standards.

The Andings of this study provide a starting point {or assessing future rail freight
capacity and mvestment requivements The findings outhine the improvements
and investments required for the railroads to carry the freight tonnage forecast
by the US DOT. Additional work 1s needed to determine how much more
capacity and investment would be needed for the railroads to increase their share
of freight tonnage and reduce the rate of growth in truck traffic on highways.
Finally, the forecasts and improvement estimates in this study do not fully
anticipate future changes in markets, technology, regulation, and the business
plans of shippers and carriers. Each could significantly reshape freight trans-
portation demand, freight flow patterns, and railroad productivity, and, thus,
rail freight infrastructure investment needs
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Background

The study was done at the request of the National Surface Transportation Policy
and Revenue Study Commussion. The Commuission was established by Congress
mn 2005 to provide a national vision and recommendations that will “preserve
and enhance the surface transportation system to meet the needs of the United
States for the 21+ century."? The Commission 1s charged with completmg a com-
prehensive study of the national surface transportation system and the Highway
Trust Fund, then developing a conceptual plan with alternative approaches to
ensure that the system continues to serve the needs of the United States

Since May 2006, the Commussion has met regularly to hear about the challenges
facing America’s surface transportation network. The Commussioners have
heard testimony from national transportation advocates, policymakers, industry,
labor, and the general public  Congress is actively following the activities of the
Commission, and the Commission’s report (anticipated in December 2007) 1s
expected to provide information that will be helpful to Congress as it considers
reauthorization of the Federal surface transportation programs m 2009.

Over the course of its hearings, the Commussion has expressed concern about the
capacity and future of the nation’s freight transportation systems Freight trans-
portation 1s vitally important to domestic economic produchivity, the interna-
tional competitiveness of American businesses, and the economic well-being of
all Americans

The demand for transportation 15 pressing the capacity of the nation’s transpor-
tation systems, cspecially its critical highway and rail freight transportation
infrastructure. On the highway system, vehicle-miles of travel grew by 96 per-
cent between 1980 and 2005, while lane miles of road increased by only 5 7 per-
cent. Figure 2.1, based on Federal Highway Administration (FHWA) statistics,
illustrates the widening gap between vehicle-miles of travel and roadway
capacity.

2 See Section 1909 of the Safe, Accountable, Flexible, Efficient Transportation Equity Act—
A Legacy for Users (SAFETEA-LL)
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Figure 21 Vehicle Miles of Travel and Lane Miles
1980 fo 2005
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The result has been increasing highway congestion. The Texas Transportation
Institute reports that over the decade between 1993 and 2003, the cost of highway
congestion 1n the nation’s urban areas increased from $39.4 bilhon to
$63.1 billion, an increase of 60 2 percent.* The U.S DOT estimates that the cost of
congestion across all modes of transportation could be three times as high—
approaching $200 billion per year—if praductivity losses, costs associated with
cargo delays, and other economic impacts are included These include losses
accruing to auto drivers, freight carmiers, businesses, consumers, and the general
public +

As the cost of highway congestion has increased, public policy-makers at all lev-
els of government have started looking to the railroads to carry more freight to
reheve truck and highway congestion, and to help conserve energy, reduce
engine emussions, and improve safety Shippers, too, have started looking to rail-
roads to carry more longer-distance shipments, especially as the costs of truck
fuel and labor have increased.

3 David Schrank and Tim l.omax, The 2005 Lirban Mobility Report, Texas Transportation
Institute, May 2005, availablc at http //mobility tamu edu

4 US Department of [ransportation, Nahional Strategy to Reduce Congestion on America’s
Transporiation Network, Washingtan, D C, March 2007
See htip //www fightgridlocknow gov/docs/ congimitoverview(70301 htm
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However, the growing demand for freight transportation 1s also pressing the
capacity of the nation’s rail freight system Ton-miles of rail freight (one ton of
freight moved one mile counts as one ton-mile) carried over the national rail
system have doubled since 1980, and the density of train traffic —measured in
ton-miles per mile of track— has tripled since 1980 Figure 2.2 illustrates the wid-
ening gap between ton-miles of rail travel and track miles 3

Figure 2.2 Rail Freight Ton-Miles and Track Miles
Class I Railroads, 1980 to 2006
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Source AAR and Annual Report Form R-1

The tghtening of system capacity across all modes of freight transportation has
likely contributed to the first notable increase m total logistics cost n over
25 years Total logistics cost is the cost of managing, moving, and storing goods.
Figure 2.3 shows the total logistics cost as a percentage of the U.S. gross domeshc
product (GDP).

* Association of American Railroads dala and Annual Report Form R-1.

ta
%
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Figure23 Total Logistics Cost
Percentage of Gross Domestic Product
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Source Stale of Logistics Report, Council of Supply Chain Management Professionals, 2006

Logistics costs rose through the 1970s to a huigh of about 16 percent of GDP 1n
1980, reflecting nising fuel prices, ncreasing interest rates, and deteriorating pro-
ductivity across the freight transportation system. Renewed mvestment in
highways, economic deregulation of the freight transportation industry in the
early 1980s, adoption of new technologies, and lower interest rates drove down
the costs of truck, rail, air, and water {reight transportation The total logistics
cost declined through the 1980s and 1990 to a low of about 8.6 percent of GDP in
2003 Businesses and consumers benefited because lower transportation costs
resulted in lower-cost goods and better access to global markets

But the total logistics cost 1s rising again In 2006, the total logistics cost was
99 percent of GDP.# The change reflects recent increases in fuel prices and
increases in congestion on the nation’s highways and rail lines and at its interna-
tional trade gateways and ports. Freight shippers and carmers are worned that
the productivity of the nation’s freight systems may continue to drop and that
logistics costs may nise further, undermining future domestic economic produc-
tivity, international compehtiveness, and economic growth

¢ Rosalyn A Wilson, State of Logistics Reporf, Council of Supply Chain Management
Professionals, 2006 and 2007

Cimbridge Systemalics, Inc
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Freight shippers and carners are especially concerned about the future capacity
and productivity of the freight system because the demand for freight transpor-
tation 1s projected to nearly double by 2035. The US. DOT Freight Analysis
Framework (FAF Version 2 2) estimates that the demand for freight transporta-
tion will grow from 19.3 billion tons today to 37.2 billion tons 1n 2035, an increase
of about 93 percent.?

To absorb this growth and maintain their existing shares of the freight transpor-
tatton market, the nation’s truck and rail freight systems must increase their
capacity and productivity substantially. Trucks and the highway systermn must
add capacity to handle 98 percent more tonnage. And railroads must add capac-
ity to handle 88 percent more tonnage The U.S DOT estimates assume no shift
in modal tonnage shares among rail and truck beyond those created by structural
changes 1n the economy {(1e, different growth rates across freight-generating
industries).

The anticipated rates of growth for the US economy and freight transportation
demand are about the same as those experienced over the last 30 years; however,
much of the capacity existing or created over those years has been filled, leaving
the nation wath a need to provide new capacity through expanded infrastructure
and improved productivity 8

Figure 2.4 shows the relative shares of freight—measured in ton-miles —carried
by truck and rail m 2005¢ If railroads cannot carry their share in 2035, then
freight will be shed to trucks and an already heavily congested highway system
Conversely, if trucks cannot carry their share m 2035, then freight must be shifted
to rail and the capacity of the rail system expanded even more than currently
forecast.

7 See US Department of Transportation, Freight Analysis Framework, Freight Facts and
Figures at http / /www ops fhwa dot gov/freight/ This study uses the current Freight
Analysis Framework (FAF Version 2 2) forecasts

8 Global Insight, Inc forecasts that the US economy will grow at a compound annual
rate of about 2 8 percent over the next 30 years  Source: Global Insight, Inc in Freight
Demind and Logistics Botlum Line Report prepared by Cambndge Systematics, Inc for the
American Association of Stale thghway and Transportation Officials (AASHTO),

(forthcoming, 2007)
 Ton-miles estimated by Global Insight for the AASHTO Freight Demand and Logistics
Bottom Line Report
Cambrulge Systematics. In 2.5
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Figure 24 Truck and Rail Market Shares in Ton-Miles
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Source: Cambridge Syslematics, Inc , based on Global Insight, Inc freight demand forecasts

In response to these projections and concerns, the Commission asked the
Association of American Railroads (AAR) to assess the capacity of the nation’s
rail system to accommodate the esttmated Increase in freight-rail traffic  The
AAR, supported by the four largest Class I railroads—the BNSF Raillway, CSX
Transportation, the Norfolk Southern Corporation, and the Union Pacific
Railroad — undertook this study to estimate the additional ranl freight capacity
and investment required to meet the U.S. DOT forecast

Thus study is a hallmark study, the first effort of its kind. The U.S. DOT and the
Federal Highway Admmstration (FHWA) have developed national infrastruc-
ture needs and cost estimates for the publicly owned highway systems, but no
comparable, long-term, national estimates have been developed for the rail sys-
tem. The railroads are publicly traded or privatcly owned companies, and the
planning horizons for railroad capital projects typically do not extend out 30
years And neither the US. DOT nor individual state DOTs have comprehensive
rail infrastructure databases suitable for long-term planning This study 1s the
first collective assessment by the major freight railroads of their long-term
capacity expansion and mvestment needs.

26
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3.0 Methodology

This study provides a frst approximation of the rail freight infrastructure
improvements and investments i the continental US rail network that will
allow the freight railroads to meet the US. DOT's projected demand for rail
freight transportation in 2035 It addresses two major rail freight infrastructure
elements*

e Line expansion:

- Upgrades to the Class | railroad system mainline tracks and signal control
systems;

- Improvements to significant rail bridges and tunnels, 1

- Upgrades to Class 1 railroad secondary mamlines and branch hnes to
accommodate 286,000-pound freight cars, and

- Upgrades to short line and regional railroad tracks and bridges to accom-
modate 286,000-pound freight cars 1

e TFacility expansion:

- Expansion of carload terminals, mtermodal yards, and internahonal gate-
way facilities owned by railroads, and

- Expansion of Class I railroad service and support facilies such as fueling
stations and maintenance facilities.

oIncluded 1n this category are expansions of major bridges and tunnels {or construction
of new parallel bndges and {unnels) to add rail capacity along a corndor, and corndor
overhead clearance projects, which typically involve raising dozens of highway bridges
crossing a rail hine to permit the movement of double-stacked intermodal contatner
trains

""Most Class I railroad tracks and bridges have been designed or reconstructed to carry
railcars weighing 286,000 pounds, and some Class[ limes accommodate railcars
weighing up to 315,000 pounds Older rail Iines, mcluding some Class | radroad
secondary mainhines and branch Iines and about half of the short line and regional
railroad tracks and bridges, were designed and constructed Lo carry railcars weighing
up to 263,000 pounds The heavier, “standard,” 286,000-pound cars can be operated
over many lincs designed for hghter cars, but usually at very low speeds

Cambridye Systemahus, Ine 31
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The study includes the cost of designing and constructing these improvements,
but does not include the cost of acquiring real estate to accommodate new rail
lines and terminals 12 This 1s consistent with the approach used in national high-
way system needs and investment studies, which do not estimate the cost of
acquinng real estate for widening or adding highways. The study does not
include the cost of capital depreciation or the cost of buying addihonal locomo-
tives and rail cars to expand service Railroad maintenance and operating costs
are not included, for either existing or expanded lines and facilities.

The study assumes that capacity 1s provided for long-distance Amtrak and local
commuter passenger rail services that are currently operated over rail freight
lines, but the study dues not forecast the need for new passenger rail services or
the necessary capacity to support passenger ra1l growth The Commission has
convened a passenger rail committee that 1s studying the need for improvements
and investments to support passenger-rail demand through 2035. The findings
of that committee will be reported separately

This study estimates rail line capacity and investment requirements by:
¢ Dividing the continental U.S. Class | raillroad network into primary cormdors,

o Establishing current corndor volume in freight and passenger trains per day
for each primary corndor, based on 2005 Surface Transportation Board
Carload Wayhill data, the most recent comprehensive informaton available,

¢ Estimating current corndor capacity in trains per day for each primary com-
dor, based on current information;

e Comparng current comdor volume to current corndor capacity,

e Estimahng future corridor volume in trams per day, using US. DOT's
Freight Analysis Framework Version 2.2 forecasts of rail freight demand in
2035 by type of commodity and by the ongin and destination locabions of
shipments moving within the U.S. and through international land and port
gateways;

¢ Comparing the future corndor volume to current cornidor capacity;

2Current capital expenditures by the Class | railroads for expansion of lines and
terminals (as reported in Section 4 5) include the cost of acquinng real estate  However,
with the exception of land acquired for new or expanded intermodal terminals, the cosl
of real estate acquisition has been a small part of current capital expendiiures because
most new rail lines have been constructed within existing raillroad-owned nghts-of-
way As the space in existing nghts-of-way 1s used up, the cost of acquiring real estate
for new hines 1s expected to be a larger percentage of capital expenditures for expan-
sion [he real eslate casts will be 1n addition to the infrastructure costs estimated n this
study

Cambrulge Systemales, Inc
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e Determining the additional capacity needed to accommodate future tramn vol-
umes at an acceptable level of service reliability;

» Identifying the rail line and signal control system improvements required to
provide the additional capacity, and

* Eshmating the costs of the improvements

The study estimates the need for expansion of Class I railroad carload terminals,
intermodal yards, and railroad-owned nternational gateway facilihes by ana-
lyzing the projected increases in the number of railcars and intermodal units
(contamners and truck trailers) handled at major facilities and comparing them to
current handling capacity. Expansion costs are estimated using unit costs per
railcar or intermodal container, or estimated using recent and comparable termi-
nal expansion project costs. Estimates of the cost of expanding service and sup-
port facihties such as fueling stations were provided by the railroads based on
the anhicipated changes in the number and type of trains.

Finally, the study eshmates the capacity and investment requirements for secon-
dary mamlines, branch lines, and short line and regional railroads by updating
information from a prior study of short line system investment needs commus-
sioned by the American Short Line and Regional Railroad Association 12

Wherever possible, the analysis 1s based upon existing and publicly available
data sources The key sources of data are the following:

» QOak Ridge National Laboratory (ORNL) Center for Transportation Analysis”
Rail Network (Version 3-5) 1s used to develop a pnmary corndor network
model and 1dentify the key corridor charactenstics such as the number of
tracks and type of signal system;

e The US DOT Surface Transportation Board's (SI'B) 2005 Carload Waybull
Sample is used to estimate current corndor volumes based on 2005 loaded-
car movements,

e Data from the Surface Transportation Board’s Umform Rail Costing System
(URCS) on empty-return ratios by railroad, car type, and car ownership are
used to eshmate empty car movements,

o The US. DOT's Freight Analysis Framework (FAF Version 2.2) forecast 15
used to establish rail freight traffic growth by type of train service (eg,
intermodal train, mamfest/carload train, auto train, and bulk train) from
2005 to 2035;

13Zcta-Tech Assaciates, Inc, An Estimaton of the Invesiment in rack and Structures Needed
to Handle 286,000-Pound Rail Cars, prepared for the American Short Line and Regional
Railroad Association, May 26, 2000
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e Data from the railroads and the AAR are used to estimate the capacity in
trains per day for archetypical rail corridors representing different combina-
tions of number of tracks and signal types. The capacities of the archetypical
rail corridors are used to identify the improvements needed to accommodate
future train volumes.

e Data from the Class I railroads, the AAR, and published construchon mdus-
try information are used to estimate the cost of adding tracks, upgrading sig-
nal systems, expanding terminals, and adding rail-support facilities.

Appendix A describes the technical methodology in more detail.
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Current Train Volumes and
Capacity

PRIMARY CORRIDORS

The study focuses on the pnmary rail corridors within the national rail freight
system. Figure41 shows the national rail network. The primary comdors for
each of the seven Class I railroads are shown n color, all other rail lines are
shown n gray.

Figure 4.1 National Rail Freight Network and Primary Rall Freight Corridors

———— | — CP

AT — Citha? QT .
Source: Cambnidge Systemafics, Inc

Figure 4.2 shows just the primary corndors used for this study of rail freight
capacity The primary corndors were designated by the Class I railroads for this
study The primary corridors represent the higher-volume corndors for rail
freight. The primary corndors total about 52,340 miles of road (or centerline
miles), representing about half of all Class I-operated miles in the U.S. and about
one-third of the 140,810 miles in the U.S. rail freight network For companson,
the Interstate Highway System comprises about 47,000 route miles, and the
National Highway System, which adds other major U.S. and state freight high-
ways, comprises about 162,000 route miles,

[_..o....... ~
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4.2

Figure 42 Primary Rall Freight Corridors

Source. Cambndge Sysiematics, Inc

CURRENT VOLUMES

Current corridor volumes 1n trains per day were established for each primary
corndor using data from the Surface Transportation Board's 2005 Carload
Waybill Sample. The Waybill Sample is an annual survey of railcar movements
on the national rail network. The survey collects information from a sample of
loaded, revenue-producing railcar movements The data include information
about the commodity shipped, the type of railcar used, the onigin and destination
station of the shipment, any interchanges between railroads, and the names of
railroads handling the shipment. The sample data are stahstically expanded to
represent 100 percent of the loaded revenue railcar moves in a year The Wayhill
Sample 15 used in many regulatory proceedings and 1s generally considered an
accurate reflechon of U S. railroad shipments. The 2005 Waybill Sample is the
most recent comprehensive data available.

The Waybill Sample does not collect information about empty, non-revenue-
producing railcar movements. Thesc were estmated using information from the
Uniform Rail Costing System (URCS) on empty-retumn ratios by railroad, car
type, and car ownership. The number of empty, non-revenue-producing railcar
movements were added to the number of loaded, revenue-producing railcar
movements to estimate total railcar movements

4-2
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The number of carloads moving on the rail system varies daily, weekly, and sea-
sonally To select a representative day, the distnbution of the number of carload
movements for each day in 2005 was examined and the volume for the 85% per-
cenhle day was sclected for analysis  This approach is consistent with the analy-
s1s procedures for highway needs studies

The carload volumes were then allocated among four types of tran service based
on the commodity being carried and the type of operation.

1. Auto Train Service - For assembled automobiles, vans, and trucks moving in
multilevel cars,

2. Bulk Train Service - For gramn, coal, and similar bulk commodities moving
n unit frains;

3 Intermodal Train Service - For commodities moving in containers or truck
trailers on flat cars or specialized intermodal cars; and

4. General-Merchandise Train Service ~ Everything else, including commodi-
ties moved 1n box cars and tank cars.

The number of tramns of each type needed to move the cars were eshimated using
information on the typical number of cars hauled by train service type, as sum-
marnized in Table41 The number of intermodal trains needed is based on the
number of ntermodal units (e.g., contamer-on-flat-car [COFC] units and trailer-
on-flat-car [TOFC] units). Separate calculahons were made for Eastern and
Western Class I railroads because differences in regional geography and topog-
raphy allow Western railroads to operate longer trains 4

Table4.1 Typical Number of Cars or Intermodal Units by Train Service Type

Type of Train Service Eastern Rallroads Western Rallroads
Auto 570 639
Bulk 86.0 1124
General Merchandise 820 80.7
Intermodal (TOFC/COFC count) 1107 164 3

Source Class | ralroad data

14For details, see Appendix A
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Finally, the number of long-distance Amtrak and local commuter passenger rail
trains operating over the primary rail freight corndors was added to the number
of freight trains to calculate the total number of trains per day per corndor The
number of passenger tramns was esttimated from published information on
Amtrak and commuter passenger rail schedules for 2007

Figure 4.3 maps the current corridor volumes in trains per day for the primary
rail freight corndors. The number of trains per day 1s indicated by the width of
the corridor hne  The thinnest line indicates that a corridor carries up to 15 trains
per day; the widest line indicates that a corridor carries between 100 and 200
trans per day.

Figure 43 Current Corridor Volumes by Primary Rail Freight Corridor
2005 Freight Trains and 2007 Passenger Trains per Day

Current Trains poT Day == 2350
- 013 = 50-100

o 18-2% ammpe 100-200 )

e
Source Cambndge Systematcs, Inc
Note  Volumes are for the 85" parcentile day
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CURRENT CAPACITY

To determine whether a corridor 1s congested, current volume was compared to
current capacity. Three variables were used to estimate the current capacity of
the primary cormdors' the number of tracks, the type of control system, and the
mux of train types 13

e Tracks - Most sechions of the national rail freight system are single-tracked
with multiple sidings for trains to meet and pass each other, and a significant
portion of the heaviest-volume corridors are double-tracked A limited
number of sechions have three or four tracks

» Control System - The type of control system affects capacity by maintaimng
a safe spacing between trains meeting and passing on the same track There
are three major types of signal systems-

- Automatic Block Signaling (ABS) is a signal system that controls when a
tramn can advance into the next track block. A block 1s a section of track
with traffic control signals at each end. The length of the block is based
on the length of a typical train and the distance needed to stop the tramn in
a safe manner When a train exits a block, the signal changes to yellow,
indicating to the engineer of a following train that the block 1s now
empty, but that the following train should be prepared to stop before
entering the next block (currently occupied by the train ahead). Auto-
matic block signaling 1s governed by block occupancy and cannot be
controlled by a railroad dispatcher from a remote location.

- Centralized Traffic Control (CTC) and Traffic Control System (TCS) are
systems that use electrical circuits in the tracks to monitor the location of
trains, allowing railroad dispatchers to control train movements from a
remote location, typically a central dispatching office CTC and TCS
increase capacity by detecting track occupancy and atlowing dispatchers
to safely decrease the spacing between trains because the signal systems
automatically prevent trains from entering sections of track already occu-
pied by other trains.

- No Signal (N/S) and Track Warrant Control (TWC) are basic train con-
trol systems that require the train crew to obtain permission or warrants

I5The capacity of rail corndors 15 determined by a large numbser of factors, including the
number of tracks, the frequency and length of sidings, the capaaity of the yards and
ierminals along a corndor to receive the traffic, the type of control systems, the terrain,
the nmux of train types, the power of the locomotives, track speed, and individual
railroad operating prachices  Complete, consistent, and current information on all these
factors was not available for the study, so the capacity of the pnmary cornidors was
estimated using only the three domunant factors (v g, number of tracks, type of signal
system, and mix of train types)

Cambruige Systemalics, Inc 4-5
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before entering a section of track Crews receive track warrants by radio,
phone, or electronic transmission from dispatcher TWC 1s used on low-
volume track instead of more expensive ABS or CTC/TCS systems.

o Train Types - The mix of train types determines the speed and spacing of
trains on a track. Different types of trains operate at different speeds and
have different braking capabilities. A corndor that serves a single type of
train will usually accommodate more trains per day than a comdor that
serves a mix of train types Trains of the single type can be operated at simi-
lar speeds and with more umform spacing between the trains because they
have similar braking capabilities. This increases the total number of trains
that can traverse the corndor per day When trains of different types—each
with different length, speed, and braking characteristics—use a corridor,
greater spacing 1s required to ensure safe braking distances As a result, the
average speed drops, reducing the total number of tramns that can traverse the
corridor per day. For the study, trains were grouped into three train-type
groups based on their operating characteristics.

- Train-Type Group 1 - includes merchandise/carload trains and bulk coal
and grain trains. These trains tend to haul heavier, bulkier commodities
such as coal, grain, gravel, and phosphates, and operate at slower speeds.

- Train-Type Group 2 - includes intermodal tramns and multilevel auto
carriers hauling assembled automobiles. These trains tend to operate at
htgher speeds because they are hghter than merchandise and bulk trains
and are run to more exacting schedules

- Train-Type Group 3 - includes passenger trains such as Amtrak’s long-
distance trains and local commuter rail trains. Passenger trains operate at
high speeds and on fixed schedules, similar to the speeds and schedules
of intermodal trains They require close control to ensure safe operation
and stopping distances, espectally when operating along corridors car-
rying merchandise trams or a mix of merchandise and intermodal trains
By law, Amtrak passenger trains operating over rail freight lines must be
given priority; this means that when Amtrak trains meet or overtake
freight trains, the freight trains are shunted to sidings or parallel lines
unt1l the passenger train has passed

There are eight combinations of number of tracks and type of signal system that
are in common use across the primary corridors today. Table 4 2 lists the combi-
nations, along with five- and six-track corridor types, which are used in this
study to accommodate future demand. The first column lists the number of
tracks, and the second column hsts the type of control system. For each combi-
nation of number of tracks and type of control system, the maximum number of
trains that can typically be accommodated 1s determined by the mix of train
types operating along the corridor. The third column in the table lists the max-
mum prachcal capacity 1n trains per day that can be accommodated 1f multiple
train types (e.g., merchandise, bulk, and passenger trains) use the corndor The
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nghtmost column lists the maximum practical capacity in trains per day that can be
accommodated if a single tran type (e.g , all ntermodal trains) uses the corridor

Table4.2 Average Capacities of Typical Rall-Freight Corridors

Trains per Day
Trains per Day
Practical Maximum If Practical Maximum If
Multiple Train Types Single Train Type
Number of Tracks Type of Control Use Corridor* Uses Comridor™
1 N/S or TWC 16 20
1 ABS 18 25
2 N/S or TWC 28 35
1 CTCor TCS 30 48
2 ABS 53 80
2 CTCor TCS 75 100
3 CTCor TCS 133 163
4 CTCor TGS 173 230
5 CTCor TCS 248 340
6 CTCor TCS 360 415

Key N/S-TWC - No Signal/Track Warrant Confrol
ABS — Automatic Block Signaling
CTC-TCS - Ceniralized Traffic Control/Traffic Control System

Noles  * For example, a mix of merchandlse, intermodal, and passenger trains
** For example, all intermodal trains

The table presents average capacities for typical rail freight comdors The actual capacibes of the
comdors were estimated using ralroad-specific capacity tables At the request of the raiiroads,
these detailed capacrty tables were not included n this report to protect confidential railroad busi-
ness information

Source: Class | railroad data aggregated by Cambndge Systematics, Inc

Typically, a corndor serving multiple train types will have a lower capacity than
a corridor scrving a single train type For example, a railroad corrdor with two
tracks, a centralized traffic control (CTC) system, and a mix of merchandise/bulk
trains, intermodal/auto tramns, and passenger trains would typically operate at a
capacity of about 75 trains per day The same corridor, serving all merchandise
trains, would typically operate at a capacity of about 100 trains per day.

For the study, each pnimary corndor 1n the national rail network was assigned a
capacity based 1ts actual number of tracks, type of control system, and mix of
train types. The calculated capacity of each cormndor was reviewed with the
railroads. The railroads made adjustments to update network information and
better represent their actual corndor train volumes and capacities,

Cuambrudye Systematics, Inc 4-7
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4.4

CURRENT VOLUMES COMPARED TO CURRENT
CAPACITY

Current corridor volumes were compared to current corndor capacity to assess
congestion levels. This was done by calculating a volume-to-capacity ratio
expressed as a level of service (LOS) grade. The LOS grades are listed in Table 4.3

Table4.3 Volume-to-Capacity Ratios and Level of Service (LOS) Grades

LOS Grade Description Volume/Capacity Ratlo

A Low to moderate train flows 00to0.2
with capacdy to accommodate

B Below Capacty maintenance and recover from 021004

C incidents 04t007
Heavy train flow with moderate —_——
capacity to accommodate

o Near Capaciy maintenance and recover from
incidents
Very heavy tram flow with very
limited capacity o accommo-

E At Capactty date maintenance and recover 081010
from incidents

S Above Capacity Unstable flows, servce break- >1.00
down condrions

Source Cambndge Systematics, Inc

Rail corndors operating at LOS A, B, or C are operating below capacity; they
carry train flows with sufficient unused capacity to accommodate maintenance
work and recover quickly from incidents such as weather delays, equipment
failures, and minor accidents. Corridors operating at LOS D are operating near
capacity; they carry heavy train flows with only moderate capacity to accommo-
date maintenance and recover from incidents. Corndors operating at LOSE are
operating at capacity; they carry very heavy tram flows and have very limited
capacity to accommodate maintenance and recover from incidents without sub-
stantial service delays. Corridors operating at LOS F are operating above capac-
ity, train flows are unstable, and congestion and service delays are persistent and
substantal, The LOS grades and descriphions correspond generally to the LOS
grades used in highway system capacity and investment requirements studies

4-8
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A rail corridor that 1s operating at a volume-to-capacity ratio of 0.7 (the boundary
between LOS C and LOS D), 1s operating at 70 percent of its theoretical maxi-
mum capacity This 1s considered to be the corridor's practical capacity because
a portion of the theoretical maximum capacity is lost to maintenance, weather
delays, equipment failures, and other factors A comdor operating at LOS C will
have stable train flows, ensuning that schedules can be met reliably and safely,
and permitting timely recovery from service disruptions. At LOS D, a corndor
will have stable operations under normal conditions, but service can quickly
become unstable with unplanned and unanticipated disruptions. At volume-to-
capacity ratios significantly greater than 0.8 (e.g, at LOSE or F), tran flow rates
and schedule rehability deteriorate and 1t takes longer and longer to recover
from disruphions. To provide acceptable and competitive service to shippers and
receivers, railroads typically aim to operate rail corridors at LOS C/D or better

Figure 4.4 maps the volume-to-capacity ratios, expressed as LOS grades, for each
primary rail corndor, based on current train volumes and current capacity ** For
legibility, rail corridors operating at LLOS A, B and C (below practical capacity)
have been mapped in green Corridors operating at LOSD (near practical
capacity) have been mapped n yellow, and corndors operating at LOSE (at
prachical capacity) have been mapped in orange. Rail corridors operating at
LOS F (above capacity) have been mapped 1n red

Analysis of the current levels of service, summanzed in Table 44, shows that
88 percent of today's primary comdor mileage 18 operating below practical
capacity (LOS A/B/C), 12 percent 1s near or at practcal capacity (1LOS D/E), and
less than 1 percent 1s operating above capacity (LOS F).

1Current volumes are based prnimanly on shipment velumes reported in the 20055TB
Carload Waybill Sample These volumes do not reflect fully recent increases in coal
shipments moving from Western coal ficlds (e g, Powder River Basin) to Fastern
utilities nor the recent increases  miermodal containers delivered by waler to Fast
Coast ports and transferred to rait for inland delivery Current capacity 15 based on
2007 information

Cambrudge Sy<tematis, Inc 49
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Figure 4.4 Current Train Volumes Compared to Current Train Capacity
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Table 44 Primary Rail Corridor Mileage by Current Level of Service Grade
Current Volumes and Current Capacity

LOS Grade Total Mileage Percentage
A 9,719 18%
I B 15,417 30%
c 20,683 39%
[ D 4,952 %
B E 1,461 3%
E F 108 <1%
Tolals 52,340 100%
Source Cambndge Systematics, Inc
4-10 Cambrulge Syslematics, Inc
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CURRENT RAILROAD INVESTMENT IN CAPACITY

The Class I railroads generated $52 2 hillion in revenue 1in 2006 and incurred
$41 billion 1n operating expenses.!? After deducting interest charges, taxes and
other miscellaneous items, the Class I raillroads earmmed a net income of $6.5
bitlion in 2006.

Of the $41 billion 1n expenses, $21 1 billion (40 percent of revenue) was spent on
transportation, which includes the costs of train crews and fuel; $8.5 billion
(16 percent of revenue) on equipment; $6 8 billion (13 percent of revenue) on
maintenance of roadway (e.g., rails, ties, ballast and substructure} and structures
(e g, bridges, tunnels, service building, etc ); and $4.6 billion (9 percent of reve-
nue) on general and admmistrative costs. A breakdown of the operating expen-
ditures 1s shown 1n Figure 4 5.

Figure 4.5 Class | Railroad Operating Expenditures
2006

General and
Administrative Costs
11%

. Transportation
TEEE {e g, train crews, fuel, etc )
‘ 2 51%

Maintenance of
Roadway Stnictures
17%

Equipment
21%

Source Amencan Association of Railroads

In 2006, the Class I railroads’ capital expenditures totaled $8.5 billion. Of thus,
$1.5 billion (about 18 percent) was spent on equipment, and $7 0 billion (about

17In 2006, the operations and maintenance (O&M) cost for Class | railroads was $210,380
per mile of track and $359,097 per mile of road This O&M cost 15 a fully burdened cost
including transportation, equipment maintenance, G&A (but not maintenance of way
and structures), and capital expenditures for equipment (but not way and siruciures)
Depreciation is deducted to avoid doublecounting. The calculations arce based on
162,056 miles of operated track and 94,942 miles of road, less miles operated under
trackage rights to avoid double-counting  This information 1s for the seven Class 1
railroads, US operations only
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82 percent) on roadway and structures.’® These capital expenditures include
amounts for renewal of the existing roadway, structures, and equipment, as well
as expenditures for expansion to serve additional traffic.

Combining operating and capital spending and adjusting for depreciation,
40 percent of the Class | railroads’ revenue is spend on maintenance, replace-
ment, or expansion of their track, structures, and equipment.!’? In 2006, the
Class I raitroads spent §10.6 billion maintaiming and improving their infrastruc-
ture, and another $8 7 billion on equipment.2

The AAR estimates that the Class[ railroads will spend approximately $1.9
billion in 2007 for expansion of capacity through the construction of new road-
way and structures. This 1s the highest level of investment for expansion n
recent years and reflects a steady increase 1n investment in expansion of roadway
and structures. The Class | ralroads invested $1 1 billion 1in expansion of road-
way and structures in 2005 The Class I railroads invested $1.4 billion in infra-
structure expansion i 2006. This was i addition to an expenditure of $17 9
billion for renewal of roadway, structures, and equipment and addihions to loco-
motives and freight cars The average annual investment in infrastructure expan-
sion over the three year period from 2005 to 2006 was $1.5 billion per year.2!

As these numbers demonstrate, rail transportation 1s capital intenstve, requiring
high levels of spending on infrastructure such as track, bnidges, and signals;
locomotives, freight cars, and maintenance equipment; and information technol-
ogy From 1996 through 2005, Class I railroad capital expenditures averaged 17
percent of revenue. (The comparable figure for the average US manufacturer
was 3 percent of revenue.) Railroad capital expenditures for ties alone have ex-
ceeded 51 billion every year since 2003, and spending for rail has been even higher.

Even though the railroads must invest heavily in infrastructure, the railroads
have had substantial surplus capacity in the rail network for many years This
has enabled them to absorb traffic growth with relatively modest additional
capital commitments to expand infrastructure  With this surplus capacity largely
absorbed by two decades of growth and with major traffic increases in the past
few years, an mcreasing portion of the capital investment 1in roadway and struc-
tures has been devoted to capacity expansion And with traffic growth through
2035 expected to be significant, increasing amounts of capital will need to be
devoted to expansion.

WThese caprtal expenditures do not include some equipment that was acquired under
operating leases

“Capital expenditures plus operating expenses for infrastructure and equipment, minus
depreciation to avoid double-counting capital spending

BAssociation of American Railroads economusts estimate that cach $1 bilion of
mvestment in rail infrastructure generates over 20,000 jobs

21 Agsociation of Amencan Railroads dala

4-12
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Future Train Volumes and
Capacity

FUTURE VOLUMES

2035 tramn volumes were projected using economic growth and commodity fore-
casts from the US DOT's Freight Analysis Framework (FAF Version 2.2). The
FAF forecasts are national freight transportation estimates covering all types of
shipments by truck, rail, water, pipeline, and air The U.S. DOT and the Federal
Highway Admimstration use the FAF forecasts to analyze truck freight demand
and help estimate highway capacity needs and investment requirements.

The FAF forecasts consider growth in population, the economy, and interna-
tional trade Forecasts of the demand for freight transportation are derived by
examining production, consumption, and trade by major industry sector and
economic region mn the U.S,, North America, and the rest of the world The rail
freight forecasts cover over 40 categories of commodities and estimate the vol-
ume of each type of commodity moving among 138 economic zones (114 zones
representing economic areas and international trade gateways within the US,
and 24 zones representing economic areas in Canada, Mexico, and overseas)

The forecasts are driven by demand only; they are not constramed by supply
This means that if an industry grows and the industry currently ships and
receives a commodity by rail, then the industry will ship and receive more of that
commodity by rail in the future Conversely, if an industry declmes and the
industry currently ships and receives a commodity by rail, then the industry will
ship and receive less by rail in the future. The forecasts assume that the rail sys-
tem (and other freight modes) will have the capacity to meet the future demand.
"I he forecasts also do not attempt to presuppose how markets and demand will
change in response to future, but unknown, changes n technology, regulation,
and politics The forecasts are a starting pownt for consideration of the effect of
{uture demand on nfrastructure capacity and mvestment requirements, but are
not comprehensive in their estimation of future freight demand.

The FAF Version 2.2 2035 commaodity forecasts were used to develop weighted
growth rates for the four types of train services —auto tram service {for finished
automobiles), bulk tramn service (for grain, coal, and similar bulk commodihes),
intermodal train service (for commodities moving in containers or truck trailer
on flat cars or specialized intermodal cars), and general-merchandise train ser-
vice (for everything else, including commodities moved in box cars and tank
cars). The growth rates were applied to the number of 2005 trains to approxi-
mate the number of 2035 trans. The number of passenger trains was held at
2007 levels and added to the estimated number of freight trains in 2035.

Cumbrulge Systematis, Im 51
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Figure 5.1 maps the future corridor volumes in trains per day for the primary rail
freight corridors  The number of tramns per day 1s indicated by the width of the
corridor line. The thinnest hine indicates that a corridor carmes up to 15 trains per
day; the widest ine mdicates that a corndor carnes between 300 and 400 trains
per day.

Figure 5.1 Future Corridor Volumes by Primary Rall Freight Corridor
2035 Freight Trains and 2007 Passenger Trains per Day

 Future Trains per Day === 20 20 [i§
-— 2 % 100 - 200
j—t s
" 05 50

Source Cambrldge Systematics, Inc
Neote.  Volumes are for the 85% percentile day
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Figure 5 2 compares current and future volumes by primary corndor. The figure
shows the growth in trains per day between the 2005 volumes and the 2035 vol-
umes. The growth is indicated by the width and color of the corndor line. A
thin black line indicates that a corridor will carry up to 30 additional trains per
day by 2035; a green line indicates that a corridor will carry between 30 and 80
additional trains per day, and a thick black hne indicates that a comdor will
carry between 80 and 200 additional trains per day

Figure 52 Growth in Trains per Day from 2005 to 2035 by Primary Rail
Corridor

Gmmfr;lnlp:nay—w 80
— 030 -G 200
=

Source. Cambndge Systematics, Inc
Note  Volumes are for the 85" percentile day
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Figure 5.3 also compares current and future volumes by primary corridor, but
the figure shows the percentage growth i trans per day from 2005 to 2035 The
percentage growth 18 indicated by the width and color of the comdor line. A
thin black line indicates that a corridor will carry up to 50 percent more trams per
day by 2035; a blue line indicates that a corridor will carry between 50 and
100 percent more trains per day, and a thick black line indicates that a corridor
will carry over 100 percent more trains per day.

Figure 5.3 Percentage Growth in Trains per Day from 2005 to 2035 by
Primary Rail Corridor

Source Cambndge Systematles, Inc
Nots  Volumes are for the 85™ percentile day
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FUTURE VOLUMES COMPARED TO CURRENT
CAPACITY

Future volumes were compared to current capacity to estimate future volume-to-
capacity ratios This information was used to determine where demand will
exceed capacity and where improvements will be required to avoid congestion.
Figure 5.4 compares 2035 volumes 1n trains per day to current corridor capacity.
The volume-to-capacity ratios are expressed as LOS grades for each primary rail
corridor Again, for legibility, rail corndors operating at LOS A, B, and C (below
practical capacity) have been mapped in green. Corndors operating at LOSD
(near practical capacity) have been mapped n yellow, and cormdors operating at
LOSE (at practical capacity) have been mapped 1n orange. Rail corndors oper-
ating at LOS F (above capacity) have been mapped in red

Figure 5.4 Future Corridor Volumes Compared to Current Corridor Capacity
2035 without Improvements

Sourca Cambndge Systematics, Inc
Note®  Volumes are for the 85™ percentile day
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Analysis of the 2035 levels of service, summarnzed in Table 51, shows that—
without improvements—45 percent of primary corridor mileage will be oper-
ating below capacity (LOS A/B/C), 25 percent will be operating near or at
capacity (LOS D/E), and 30 percent will be operating above capacity (LOS F)
The resulting level of congestion would affect nearly every region of the country
and would hikely shut down the national rail network

Table 5.1  Primary Rail Corridor Mlleage by Future Level of Service Grade

2035 without Improvements
LOS Grade Total Mileage Percentage
A 4,895 5%
B 6,626 13%
C 11,708 23%
D 5,353 10%
P E 7.980 15%
! F 15,778 30%
Totals 52,340 100%

Source: Cambridge Systematics, Inc.
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Rail Capacity Improvements

6.1 CAPACITY IMPROVEMENTS
Rail improvements were determuned by comparing the current capacity in each
primary corridor to the capacity needed to accommodate future train volumes
Capacities estimates were based on the capacities of typical rail corndor combi-
nations of tracks, controls, and mix of train types as shown 1n Table 61. (This
table was described in Section 4.0 and is repeated here for reference.)
Table 6.1 Average Capacities of Typical Rail-Freight Corridors
Trains per Day
Trains per Day
Practical Maximum If  Practical Maximum If
Multiple Train Types Single Train Type
Number of Tracks Type of Control Use Corridor* Uses Comridor*
1 N/S or TWC 16 20
1 ABS 18 25
2 N/S or TWC 28 35
1 CTCor TCS 30 48
2 ABS 53 80
2 CTCor TCS 75 100
3 CTCor TCS 133 163
4 CTCor TCS 173 230
5 CTCor TCS 248 3o
6 CTCor TCS 360 415
Key N/S-TWC - No Signal/Track Warrant Control.
ABS - Automatic Block Signaling
CTC-TCS - Centralized Traffic Control/Traffic Conirol System
Notes  * For example, merchandise, intermodal, and passenger trains.
** For example, all intermodal trains
The table presenis average capacries for typical rall freight corridors. The actual capacihes of the
comdors were estimated using railroad-speafic capacity tables At the request of the railroads,
these detalled capacily tables were not included in this report to protect confidential railroad busi-
ness information.
Source  Class | railroad data aggregated by Cambndge Systematics, Inc
Cambrudye Systemaiis, Ine 6-1
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6.2

For example, if a cornidor with “one track and N/S-TWC control,” which today
accommodates 15 trains per day, must accommodate 35 trains per day in 2035, 1t
is upgraded to “one track with CTC-TCS control,” which accommodates 30 to
48 trains per day, depending on the mix of train types operating in the corndor

To avoid double-counting improvements that are currently programmed or
underway, new improvements were selected to accommodate only forecast
demand, not to correct current capacity shortfalls If a corridor is at or above
capaaity today and needs additional capacity to accommodate future demand,
improvements were programmed to bring the volume-to-capacity ratio back to
the current ratio  For example, if the current volume-to-capaaty raho of a corn-
dor 1s 0.85 and the future volume-to-capacity ratio without improvements is
esbmated to be 1 6, improvements were made to bring the volume-to-capacity
ratio back to 085, not to 070. If a comdor is below capacity today and needs
additional capacity to accommodate future demand, improvements were
selected to bring the volume-to-capacity ratio up to a maximum of 0 70

FUTURE VOLUMES COMPARED TO FUTURE
CAPACITY

Figure 6 1 compares projected future corridor volumes 1n trains per day to pro-
Jected future corndor capacity assuming that the necessary improvements are
made The volume-to-capacity rativs are expressed as LOS grades for each pri-
mary rail corridor. Again, rail corridors operating at LOS A, B and C {below
practical capacity) have been mapped in green Corndors operating at LOSD
(near practical capacity) have been mapped in yellow, and cormdors operating at
LOSE (at practical capacity) have been mapped 1n orange Rail corndors oper-
ating at LOS F (above capacity) have been mapped in red

Analysts of the 2035 levels of service, summanized in Table 6.2, shows that—with
improvements--97 percent of prnimary corndor mileage will be operating below
capacity (LOS A/B/C), 2 percent will be near or at capacity (LOS D/E), and less
than 1 percent will be operahing above capacity (LOS F).

62
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Figure 6.1 Future Train Volumes Compared to Future Train Capacity
2035 with Improvements

’?Il;;ll‘.;‘l;mlﬂl.ﬂlllll Service = E i o
—_—ABC v hd

Source Cambndge Systematics, Inc
Note  Volumes are for the 85" percentile day

Table6.2 Primary Rall Corrldor Mileage by Future Level of Service Grade

2035 with Improvements
LOS Grade Total Mileage Percentage
A 4,895 9%
B 15,198 29%
c 31,036 59%
B D 608 1%
B E 597 1%
! F 8 <1%
Totals 52,340 100%
Source. Cambndge Systemates, Inc
Cambnidye Systemalics, Inc 6-3
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7.0 Investment Requirements

7.1 CoOST OF IMPROVEMENTS

The cost of improvements needed to accommodate rail freight demand 1n 2035 15
estimated at $148 billion (1n 2007 dollars) The Class 1 freight railroads’ share of
this cost 1s projected to be $135 bilhon; the short line and regional freight rail-
roads’ share 1s projected to be $13 billion. The cost estimates cover:

* Line expansion

Upgrades to mainline tracks and signal control systems;
Improvements to significant rail bridges and tunnels,

Upgrades to Class | railroad secondary mainhnes and branch lines to
accommodate 286,000-pound freight cars, and

Upgrades to short line and regional railroad tracks and bridges to accom-
modate 286,000-pound freight cars.

e Tacility expansion,

Expansion of carload terminals, intermodal yards, and mternational gate-
way facilities owned by railroads, and

Expansion of Class | railroad service and support facilities such as fuching
stations and maintenance facilities

Table 7 1 summanzes the investments required by type of improvement for the
Class I and the short line and regional railroads.

Cumbrudye Systemafics, inc
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Table 7.1  Cost of Rail Freight Infrastructure Improvements

Millions of 2007 Dollars
Class | Short Line and
Freight Reglonal Freight
Raliroads Railroads Totals
Line Hau! Expansion $94,750 $320 $95.070
Major Bndges, Tunnals, and Clearance $19,400 $5,000 $24,400
Branch Line Upgrades $2,390 $7.230 $9.620
Intermodal Terminal Expansion $9,320 $9,320
Carload Terminal Expansion $6.620 $6.620
Service Facliies $2,550 $2,550
Totals $135,030 $12,550 $147,580

Source Cambndge Systematics, Inc

Notes  All estimates exclude real estate acquisiion costs, consistent with national highway needs analysis
study prachces

Line expansion costs for short line and regional rallroads are only for segments used to connect
the pnmary comdors, not the entire system

The category Major Brdges, Tunnels, and Clearance covers very large projects such as expansion
of major bridges and funnels {or construchon of new parallel bridges and tunnels) and comdor
overhead clearance projects that are not adequately accounted for by per mie urit costs

The category Branch Line Upgrades covers upgrades fo secondary main and branch lines to meet
286,000-pound weight-imit standards for the Class | railroads A preliminary analysis shows hm-
ited need to upgrade the capacily of secondary mainlines and branch lines.

Line expansion cost estimates were based on per mile construction costs to
upgrade from one level of corndor capacity to another. Table 7.2 lists the aver-
age construction cost per mile for each set of upgrades For example, upgrading
a corridor from “one track and N/S-TWC control” to “one track with CTC-TCS
control” would cost $700,000 per mile All costs are reported in current (2007)
dollars.

7-2 Cambruiye Systematics, Inc
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Table 7.2  Average Unit Costs

From . To Construction
| Cost

Tracks Control I Tracks Control (per mile)

1 NISTWC | 1 CTC-TCS | $700,000

2 NS-TWC 2 CTC-TCS $700,000

1 ABS 1 cTc-Tcs | $500,000

2 ABS 2 CTG-TCS $600,000

1 T cTeTes 2 CTCTCS | $3.800000

2 CTC-TCS 3 crctcs | $4.400000

3 crcTes | 4 CTC-TCS $4,400,000

4 crcTes | 5 CTC-TCS $4,400,000

5 crcTes 8 CTC-TCS $4400000

Key. N/S-TWC — No Signal/Track Warrant Control
ABS - Automabe Block Signaling
CTC-TCS - Centralized Traffic Control/Traffic Control System

Note  The table presenis average costs for typical rail freight corndors  The actual costs of the comdors
were estmaled using railroad-spectfic capacity lables  Per mile construction costs for Eastern rail
comdors were higher than the averages presantad in the table because of the number of urbanized
areas, hilly terramn, and numerous nver crossings  Conversely, per mile construction costs for
Waestern rail comdors in non-urban areas were tower than the averages presented in the table
because of the prevalence of flatter, non-urbanized areas along some Weslem railroad primary
comdors At the request of the railroads, the railroad-specific cost tables were not included in this
report to protect confidential railroad business information

Source Cambndge Systematics based on Association of Amencan Railroads and Class | ralroads”® data

Expansion costs for major bridges and tunnels were estimated separately for
each facility based on the cost of recent and comparable projects Expansion
costs for facilitics such as intermodal yards, carload terminals, fueling stations,
and maintenance faciliies were estimated using the antiapated number of
intermodal units, cars, and trains operating 1n the corridor

The estimates do not include all line expansion costs on short line and regional
railroads, nor the cost of expanding tunnels, bridges, and service facilities on the
short lines and regionals Neither the Class [ nor the short line and regional rail-
road estimates include the cost of additional real estate, the cost to maintan or
replace existing rail lines and facilities, or the cost to acquire additional locomo-
tives and railcars.

Appendix A provides more mmformation on the cost estimating methods

Crnmbrudge Systematics, Inc 7-3
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7.2

COST SAVINGS FROM PRODUCTIVITY
IMPROVEMENTS

The recommended improvements and the cost eshmates assume that the future
demand for rail freight transportation will be met by using current technology
and existing rail corridors. The analysis alse assumes that there will be no shaft
in freight traffic among modes (1 e., rail, truck, water), and no significant changes
m regulation or other factors that could change the demand for or supply of rail
frewght services

However, there are alternative futures that could, and eventually should, be
examined These include futures that assume significant changes mn rail technol-
ogy, major shifts in markets or trade patterns, and new innovations 1n railroad
operations. A full examination of these altermative futures was not attempted for
this first approximation study. However, a preliminary estimate was made of
the potential cost savings from productivity improvements

The railroads anhapate that they can mmprove train productivity by up to
0.5 percent per year over the 28-ycar period from 2007 to 2035. The produchvity
would be gained by carrying more freight over each primary rail corndor. ‘This
would be done by increasing the number of trains, hauling more cars per train,
and loading railcars more efficiently to make better use of the 286,000-pound
capacity of current railcars. These improvements would allow the railroads to
carry the same amount of rail freight in 2035, but carry it with fewer trains.

A 05 percent productivity improvement would reduce the number of trains to
about 87 percent of the initial 2035 forecast number of trams  This would reduce
capacity expansion needs in many corndors, reducing the cost of line expansion
across all railroads from $148 billion to about $121 billion.2 The Class | freight
railroads’ share for infrastructure expansion would be reduced from §135 billion
to S109 billion, a savings of $26 bilhon The short line and regional freight
railroads’ share of capital expenditures would be reduced from $12 6 billion to
$12.3 ilhon, a savings of about $0 3 billion

ZPrpductivily improvements are only apphed to hine costs, not to termunals, yards,
faciihies, etc

74
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RAILROAD INVESTMENT CAPACITY

In general, Class I railroad capital expenditures have tracked income, as shown
m Figure 71, increasing consistently (in current dollars) since the economic
deregulation of the railroad industry in 1980. Class1 capital expenditures for
infrastructure expansion totaled $1.1 billion 1n 2005 and $1 4 billion 1n 2006. The
AAR estimates that Class | capital expenditures for infrastructure expansion will
total $1 9 ballion i 2007,

Figure 7.1 Capltal Investment and Income
Class | Railroads, 1981 to 2006, in Current Dollars

Billions of Dollars
9 ——

— Captal Expenditures for Roadway and Equipment
= Net Income

1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005
Year
Source Amencan Association of Railroads data

If rail revenues grow proportionally to rail tonnage, currently forecast to increase
by 88 percent by 2035, and if the raillroads maintain their current level of effort
for expansion, then the Class] railroads will invest cumulatively about
$70 billion over the 28-year period.

Cambridge Systemutics, Inc 7-5
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74

INVESTMENT REQUIREMENTS FOR CLASS 1
RAILROADS

The estimated cost of the improvements needed to accommodate rail freight
demand in 2035 1s $148 billion. Of this amount, the Class1 freight railroads
share 1s projected to be $135 billion

The Class I railroads anticipate that they will be able to generate approximately
$96 billion of their $135 billion share through increased earnings from revenue
growth, higher volumes, and productivity improvements, while continuing to
renew existing infrastructure and equipment If revenue and capital expendi-
tures for expansion follow the growth in rail tonnage, as the railroads expect, the
Class I railroads could realize about $70 billion of the $135 billion from growth
And 1if the Class I railroads can continue to achieve train produchvity gains of up
to 0.5 percent per year, the railroads could realize savings of $26 bilhon 1n
reduced capital expenditures. This would leave a balance for the Class | freight
railroads of $39 billion or about $1 4 billion per year to be funded from railroad
investment tax incentives, public-private partnerships, or other sources.

These investment projections assume that the market will support rail freight
prices sufficient to sustain long-term capital investments If regulatory changes
or unfunded legislative mandates reduce railroad earnings and productivity,
investment and capacity expansion will be slower and the freight railroads may
not be able to meet the U.S DOT"s forecast demand.

7-6
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Conclusions

On first approximation, the investment in the contimental US rail network
required to allow the freight railroads to meet the US. DOT"s projected demand
for rail freight transportation 1s $148 bilion (in 2007 dollars) This level of
investment would enable the freight railroads to keep pace with economic
growth and meet the US DOT’s forecast demand for rail freight transportation
in 2035

The impact of the investment is illustrated in Figure 8.1, which compares the per-
centage of primary rail freight corridor miles by LOS grade and vear

Figure 8.1 Percentage of Rail-Freight Primary Corridor Route Miles by Level
of Service Grade in 2005, 2035 without Capacity Improvements,
and 2035 with Capacity Improvements

Percantage of Primary Comridor Route Miles
100

2005 2035 without Improvements 2035 with Impmvem;ms
Source Cambndge Systematics, Inc

The left column shows the percentage of miles by LOS grade for the current rail
system (2005 train volumes on the 85t percentile day compared to 2007 capac-
ity). Red indicates the percentage of miles operating above capacity, yellow and
orange the percentage of miles near or at capacity, and green, the percentage of
miles below capacity. The center column shows the percentage of miles by LOS
grade for the primary corridors in 2035 without improvements. Thirty percent of
the rail miles n the primary comdors will be operating above capaaity, causing
severe congestion that will affect every region of the country and potentially shaft
freight to an already heavily congested highway system. Fmally, the right
column shows the estimated LOS grades in 2035 with improvements. The

Camnbrulge Systemahies, Inc 8-1
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improvements sharply reduce the number of primary corridor miles operating
above capacity.

Meeting the U.S. DOT's forecast demand will require the Class 1 freight railroads
to increase their investment in infrastructure expansion. The AAR estimates that
between 2005 and 2007, Class | freight railroad capital expenditures for infra-
structure expansion averaged $1 5 billion per year. To meet the U S. DOT's fore-
cast demand for 2035, the Class [ freight railroads must invest $135 billion over
the next 28 years or about $4 8 billion per year.

The Class I freight railroads anticipate that they will be able to meet most of this
increase In investment through growth and productivity gains If revenue and
capital expenditures for expansion follow the growth in rail tonnage, the Class |
railroads could realize about $70 billion of the $135 billion from growth And if
the Class I railroads can continue to achieve tram productivity gains of up to
05 percent per year, the railroads could realize savings of $26 bilhon in reduced
capital expenditures This would leave a balance for the Class | freight railroads
of $39 bilhon or about $1 4 billion per year to be funded from railroad investment
tax incentives, public-private partnerships, or other sources

These investment projections assume that the market will support rail freight
prices sufficient to sustain long-term capital investments If regulatory changes
or unfunded legislative mandates reduce raillroad earnings and productivity,
investment and capacity expansion will be slower and the freight rallroads may
not be able to meet the US DOT's forecast demand

The findings of this study provide a starting point for assessing future rail freight
capacity and investment requirements The findings outline the improvements
and mvestments required for the railroads to carry the freight tonnage forecast
by the US.DOT Additional work is needed to determine how much more
capacity and investment would be needed for the railroads to increase their share
of freight tonnage and reduce the rate of growth n truck traffic on highways.
Finally, the forecasts and mmprovement estimates in this study do not fully
anticipate future changes m markets, technology, regulahon, and the business
plans of shippers and camers Each could significantly reshape freight trans-
portation demand, freight flow patterns, and railroad productivity, and, thus,
rail freight infrastructure investment needs.

In summary, the findings pomnt clearly to the need for more investment in rail
freight infrastructure and a national strategy that supports rail capacity expan-
ston and mvestment.

8-2
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National Rail Freight
Infrastructure Capacity and
Investment Study: Methodology

INTRODUCTION

The objective of this study 1s to 1dentify rail freight infrastructure improvements
and investments 1n the continental U.S rail network that will allow the freight
railroads to meet the U.S, Department of Transportation’s (DOT) projected
demand for rail-freight transportation in 2035. This requires an understanding of
the current and forecasted demand for rail services and the current and projected
capacity of the rail network. The study encompasses the continental United
States rail system

The general approach was to divide the continental US Class I railroad network
into primary corridors; establish the volume of trains in 2005 and 2035, compare
those volumes to current capacity; determine the additional capacity needed to
accommodate 2035 volumes; 1dentify the types of improvements warranted; and
estimate the investment needed for these improvements. The improvements can be
divided into line expansion and facility expansion, each with multiple components.

¢ Line expansion includes:

- Upgrades to the Class I system mainlines control systems and/or number
of tracks,

- Improvements to significant bridges, tunnels, clearances, and other items
above average costs;

- Upgrades to ClassT raillroad secondary mamlines and branch lines to
accommodate 286,000-pound freight cars; and

- Upgrades to short line and regional railroad track and bridges to accom-
modate 286,000-pound freight cars

e Facility expansion includes:

- Expansion of capacity at Class| railroad-owned mtermodal facilities,
including terminals, ports and gateways;

- Expansion of capacity at carload terminals (e g, classification yards); and

- Expansion of capacity at Class I railroad-owned service facilities (e.g,
fueling stations, maintenance facilities)

Cambridge Systematics, Inc A-l
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A2

LINE CAPACITY EXPANSION

The work steps to estimate the cost of expanding line capacity along primary
Class I railroad corridors to meet U S. DOT projected demand was as follows:

1. Divide the continental US Class I railroad network into primary corndors;2

2. Establish the number of freight trains for a day representing the 85th percen-
tile of the maximum trains per day from the 2005 Surface Transportation
Board (STB) Carload Waybill Sample (Wayhill);

3 Establish the number of scheduled passenger trains for a current average
weekday, and combine with the freight trains;

4 Estimate the number of freight trains per day in 2035 by applying forecast
rates from the Freight Analysis Framework Version2.2 to the 2005 STB
Waybill. Passenger train volumes were held constant,

5 Eshimate the current capacity on the nations primary rail corndors in tramns
per day based on current track configurations,

6 Compare the 2005 and 2035 freight and passenger trains per day to the cur-
rent capacity, and identfy the types of improvements necessary to maintamn
rehable rail service in 2035;

Eshmate the construction costs of the improvement lines,
Estimate the cost of significant bridges, tunnels, clearance projects, ete ; and

Estimate the cost to upgrade all Class [ branch lines and all short line and
regional lines that are currently below 286,000-pound weight standards to the
current standard

Each of these 15 described 1 more detail i the following sections

Divide the Continental U.S. Class I Railroad Network into
Primary Corridors

The imitial work step was to divide the continental U S. Class [ railroad network
into primary corndors. The corndors are mainline track and represent the lanes
that haul the majonty of the freight rail traffic A corndor is roughly homogene-
ous with respect to traffic mix and type of infrastructure (1 e, number of tracks
and control system)

AThe Class | railroads covered n this study arc BNSF, CN (US operations), CP (US
operations), CSX, KCS, NS, and UP

Cumbrulye Systcmalics, Inc
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The beginmings and ends of the corndors are major urban areas corresponding
with the US Department of Transportation Freight Analysis Framework
Version 2.2 (FAF22) zones, major rail traffic generators such as the Powder River
Basin coal fields, port complexes, and major rail traffic junctions

Each of the Class | railroads participating in the study provided to Cambnidge
Systematics (CS) a map of their recommended pnmary comdors. CS aggregated
this information 1nto a national network of primary corndors for use in this
study.

Figure A1 National Rall Network and Primary Rail Corridors

— Al Othas Rpd  ——KLE

— BNSF —Ch

| P — P

'l—l'.lll' e Ot Onnars B
——r

Source. Cambndge Systematics, Inc

The primary corridors were then mapped to a network combining the Oak Ridge
National Laboratory (ORNL) Center for Transportahon Analysis Rail Network
Version 5-5 contaming infrastructure attributes, with a network developed for
the Tennessee Department of Transportation that assigns rail flows using mini-
mum distance paths In the course of this project the TDOT network was revised
to include missing hinks with information from the ORNL network The
mappmg was done in TransCAD, a commercially available transportation net-
work modeling program

Cumbrilye Systemutics, Ine A3
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Establish the Number of Freight Trains Operating on an
85th Percentile Day along Each Corridor in 2005

Data from the 2005 Surface Transportation Board Carload Waybill Sample was
used to establish the total number of trains operating in each cormdor with the
following caveats.

¢ Northbound Canadian traffic and southbound Mexican traffic will not be
accounted for fully 1n this study because much of this traffic 1s absent from
the Waybill Sample Traffic termmating in Canada and Mexico (both US.
onginations and pass-through NAFTA traffic) often 1s waybilled to the US
border crossing, but much of the northbound Canadian traffic and south-
bound Mexican traffic is not reported.

e The Waybill Sample will not provide a complete picture of rail shipments
end-to-end. The Waybill Sample is subject to “re-waybilhing”™ (Rule 11 traffic)
at key junctions such as Chicago For example, one waybill may be wntten to
cover a shipment from Los Angeles to Chicago, and a second waybill wnitten
to cover the same shipment as it moves on from Chicago to New York This
reporting practice makes 1t difficult to trace the entire route of some rail
shipment. Thus 1ssue did not affect the estimate of the number of trains oper-
ating 1n each corndor, and no cffort was made to “hnk™ these movements.

The Waybill Sample, which represents loaded revenue movements on the rail-
roads, was adjusted to account for empty rail car moves To estimate the empty
car movements, empty return ratios were supplied by the AAR from the
Uniform Rail Costing System (URCS), as shown in Table A.1. CS matched the
empty return ratios to the Wayhill data based on ongin railroad, car type, and
the car ownership flag. Table A.1 represents averaged empty return ratios for all
cars ownerships - railroad, private, and leased For a car ownership flag in the
STB Waybill of “railroad™ or “Trailer Train,” specific ratios for railroad-owned
cars were used For a car ownership flag of “private,” the privately owned car
ratios were used When the loaded car onginated on a Class I carrer, the ratios
for that carrier were applied When a short line or regional railroad onginated
the load, the empty ratio was based on the East or West average, depending on
whether the load originated cast or west of the Mississipp1 River.

The carloads and intermodal units in the Waybill Sample were multiphied by the
appropnatc emply return ratio, reverse routed to represent the return movement
from destination to origin, and then appended to the loaded cars in the Waybill
The assumption of reverse routing of the empties does not accurately reflect rail-
road operations, but 1t does place the correct amount of empty car miles on the
network and it offers a reasonable approximation for this analysis.

#The Waybill Sample 15 expanded to represent 100 percent of the movements on US
raliroads

A4
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Annual cars were then converted mto average daily cars. This was done by first
summarizing the Waybill Sample by waybill date and number of cars. The vol-
ume from the day representing the 85'h percenhle (based on volume of cars) was
used to scale the annual volume to a daily volume The 85 percentile threshold
is consistent with hughway capacity analysis methods ¥ This multipher to con-
vert annual cars and intermodal units in the Waybill Sample to an 85th percentife
day was 0.00357 An 85t percentile day has 9.9 percent more cars than a
50th percentile day m the 2005 Waybill Sample.

The cars were subdivided into four service types - intermodal, bulk, general
merchandise, and auto - the same four defined 1n the Waybill Sample. For each
service type, the number of daily cars was converted into daily trains based on
average train lengths supplied by BNSF, CSX, NS and UP For the other rail-
roads, CS eshimated the train lengths Table A.2 contains the average values used
for eastern and western railroads Intermodal umt train conversions were based
on TOFC/COFC counts rather than cars Adjustments were made in some comi-
dors (e g., Powder River Basin) to reflect actual operations of significantly longer
trains.

Table A2 Average Train Length

Number of Cars
Type of Service Eastern Rallroads Western Rallroads
Auto 570 639
Bulk 860 1124
General Merchandise 820 807 B
Intermodal (TOFG/COFC count) 1107 1643

Source* Class | Railroad data averaged by Cambndge Systematics, In¢

The next step was to unhink the trips  The Waybill Sample has records with a
junchon frequency up to six, indicating that seven railroads participated in the
move (six junctions) The unlinked records break these apart so that each “trip"
15 only for a single railroad. The geographic endpomts of the trip can either be
the ongin and destination, or the junchion location. These are generically
referred to as the on-point and off-point The Wayhill does not have information
on internal routings and classifications on an individual railroad.

The final step was to assign the tram eshimates to the ORNL rail network, using
an all or nothing assignment in TransCAD. After combining the freight and

ZThis method of scaling the annual volume based on the 85% percentile 1s preferred over
simply selecting the traffic on the day representing the 85% percentile  Scaling the
annual volume will provide a more robust disiribution of traffic over the rail lmes that
accounts for scasonality, instead of a snapshol of traffic for a single day

A-6
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passenger trains (see next sechion), density maps were developed and provided
to BNSF, CSX, NS, and UP for review. The AAR reviewed the traffic density
maps for CN, CP, and KCS Corrections were made to the assignments and vol-
umes when needed, and new maps were generated for further review.

As m all cases with this study, care was taken not to distribute confidenhal data
about one railroad to the other railroads. Only the AAR and CS had access to the
full information.

Establish the Current Number of Passenger Trains per Day

In addition to the total number of freight trains, the number of passenger trains
operating on the network was determined. This includes estimates of Amtrak
service, and commuter services such as the Virginia Railway Express and the
Southeastern Pennsylvamia Transportation Agency that make significant use of
freight railroad lincs. Not every commuter service was included, only those
operating on the primary corridor network

Most of the train informaton was obtained from available published schedules.
Although the term “train™ 1s used, it should more appropriately be called a
“trip" A train that goes out and back was counted as two “trains™ An average
day was considered to be a weekday, not a weekend or holiday

The passenger train estimates were assigned directly to the ORNL rail network
using TransCAD, rather than applving a traffic assignment algorithm. Passenger
train maps were generated and distributed to the study participants for review
and comment

The final step was to add the daily passenger train counts directly to the freight
trains that had been assigned to the network.

Establish the Forecasted Number of Train Equivalents Operating
Along Each Corridor for the Year 2035

The U.S Department of Transportation’s Freight Analysis Framework Version 22
(FAF22) provides an eshmate of all freight traffic moving in the US by ongin,
destination, commodity, and mode It has a 2002 base year and forecasts from
2010 to 2035 1n five-year increments The geography is based on 138 zones, with
114 zones in the US Tt includes domeshc traffic, North American traffic (Canada
and Mexico border crossings, with the gateway location), and international
traffic (by foreign region and US zone, with an intermechate port). FAF22 con-
tamns seven different modes of transportation: air and truck, other intermodal,
pipeline and unknown, rail, truck, truck-rail, and water

CS used the FAF2: forecasts for 2035 for the rail and truck-rail moedes by onigin,
destination, and commodity The rail and truck-rail modes were combined nto a
single set of forecasts rates The Waybill data was geographically matched to the
FAF22 zones by using a translation table mapping county to zone. Since the
Waybill “starts” and “stops™ tnps at ports, the international forecasts were

Cumbnidge Systematics, Inc A7
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included in the forecast rates based on the location of the port. For example, a
move from Europe to the Atlanta zone with a port of Charleston, was considered
a Charleston - Atlanta move and the forecasts rates were blended with the
domestic forecast rates for other Charleston - Atlanta traffic by commodaty.
Rates by commodity for both Canadian and Mexican traffic were developed, and
apphed to Wayhbill data originating or terminating in those countries.
FAF:2 uses Standard Classification of Transported Goods (SCTG) codes. CS
developed weighted averages of the forecast growth rates to establish growth
factors for the general merchandise, intermodal, bulk and auto service types,
based on the assignments in Table A.3. Weighted forecast growth rates for each
service type were calculated for cach FAF22 origin-destinatton zone.
Table A3 FAF22 Commodity Assignment to Rail Service Type for
Establishing Forecast Growth Rates
Auto Bulk Intermodal Merchandise
o Motorized vehicles | ¢ Ammal feed s Alcoholic beverages | e Arhcles-base metal
o Cereal grains = Electronics = Base metals
e Coal = Furniture = Basic chemcals
e Coalnec e Machinery o Building stone
e Metallic ores ¢ Meat/seafood ¢ Chemical products
e Gravel o Miscellaneous ¢ Crude petroleum
o Nonmetallic minerals | Manufactured products | o Ferniizers
e Mixed fresght e Fueloils
» Pharmaceuticals e Gasoline
* Plastcsfnbber o Lve anmalsffish
» Precision instruments | , Logs
e Printed products o Milled grain products
o TextilesAeather e Natural sands
» Tobacco products » Nonmetal mineral
o Transport equipment praducts
o Other agnculture
products
e Cther foodstuffs
e Unknown
o Waste/scrap
o Wood products
o Newspnnt/paper
e Paper arlicles
A-8 Cambrudge Systematus, Inc
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The 2035 forecast growth rates were applied to the 2005 base-year loaded and
empty cars by FAF2? ongin-destination zone and railroad service type. (The
rates were adjusted to reflect the difference between the FAF22 2002 base year the
Wayhbill 2005 survey year) This makes the assumption that empty return ratios
will be the same 1n 2035 as they were 1n 2005 For empty cars, the forecast rate
was based on the last commodity hauled The forecast number of loaded and
empty cars were converted into average trains per day, using the same conver-
sion factors established for the 2005 data (1 e, average train lengths were held
constant )

The number of passenger trains was held at current levels. This study did not
attempt to forecast 2035 passenger rail demand and service A separate study
is being conducted to develop passenger rail needs for presentation to the
Commussion.

The forecasted 2035 freight trains were then assigned to the ORNL rail network
using an all or nothing assignment based on mimmum distances, adjusted to
reflect current rail road operating restrictions validated against existing volumes
Current passenger tramns were added directly to the network to provide the
complete 2035 year volumes The results was mapped and sent to the railroads
for review

Estimate the Current Capacity for Each of the Primary Corridors

The capacity of the primary rail corridors was determined by defining a set of
archetypical comdors, based on track and type of control, and then defining the
capacity in terms of trains per day. Readily available informaton was supplied
by the railroads participabing in this study drawmg from previously performed
simulation studies. The mformation ranged from generic data to simulation
results of specific corridors and general knowledge of operations.

CS used this information to identify a set of archetypical corridors that repre-
sented the various track and control combmations present along the corridors.
The number of tracks was 1, 2, 3, or 4 and the type of controls included no signal
or track warrant control (N/S-TWC), automated block signal (ABS), and central-
ized traffic control or train control system (CTC-TCS) To accommodate future
demand, archetypical corridors of 5 and 6 tracks were added.

Companison of the capacity information from each railroad yielded a range of
values, One reason for this range was the mix of trains on the line. Lines with a
nearly homogenous tram mix have a higher capacity than hines with a mixture of
tramn types. To adjust for this, each archetype was assigned a lower and an upper
bound for the maximum number of trains The lower bound was defined as the
maximum number of trans per day, assuming an equal mix of merchandise-
bulk, intermodal-auto, and passenger trains (one-third each) The upper bound
was defined as the maximum number of trains per day, assuming 100 percent
one type, and 0 percent of the other two types (complete homogeneity) To move
between the lower bound and the upper bound, the standard deviation of the

Cumbruiye Systemalics, Inc A9
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train mix was used to scale the range between the bounds For a train mix of
33 percent, 33 percent, and 33 percent for each of the three types, the standard
deviation 1s zero; therefore a zero adjustment 1s added to the lower bound. A
train mix of 100 percent, 0 percent, and 0 percent yields a standard deviation of
0.47, which was scaled to produce a factor that added to the lower bound
equaled the upper bound.2* A standard deviation falling between the mimumum
of zero and the maximum of 0.47 produced a capacity somewhere between the
lower and upper bounds. Table A.4 contans the archetypes used in this study,
along with the lower and upper capacity bounds

Another reason for differences in capacity 1s due to differences 1n geography and
topography For similar types of track, a regions with longer runs and greater
distances between urban areas can achieve higher speeds and greater throughput
than areas with short runs and more closely spaced urban areas. Therefore, dif-
ferent capacity tables were developed based on regional vanations Table A4
contains the average lower and upper maximum capaaty bounds for the arche-
types used in this study

Rail capacity can take two forms. The “theorehcal capacity” 1s the maximum
number of trains assuming perfect conditions The “practical capacity™ considers
factors such as possible disruptions, maintenance, human decisions, weather,
possible equipment failures, supply and demand imbalances, and seasonal
demand Prachical capacity 1s about 70 percent of the theoretical capacity and
provides reliable service, 1t is similar to a highway level of service of C or D
(descnbed 1n the next section} At higher percentages, rail congestion increases and
service reliability begins to deteriorate. The values established in Table A.4 rep-
resent practical capacity

Using the number of tracks and the control system information from the ORNL
rail network, CS developed a series of maps of track characteristics that were
reviewed by the railroads The track charactenstics information was updated
using feedback from the railroads, and then each of the primary rail corndors
was assigned to one of the archetypes in Table A 4. Using the capacity for each
archetype, and adjusting between the lower and upper bounds based on the
standard deviation of the train mix, a practical capacity in trains per day was
assigned to each of the primary corndors.

#The population standard deviation, not the sample standard dewviation, was used since
the three data points representing the percent mix of merchandise/bulk, intermodal /
auto, and passenger encompasses the entire population

A-10
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Table A4 Average Capacities of Archetypical Rail Corridors

Trains per Day
Trains per Day
Practical Maximum [ Practical Maximum If
Multiple Traln Types Single Traln Type
Number of Tracks Type of Contral Use Cormridor* Uses Corrldor™
1 N/S or TWC 16 20
1 ABS 18 25
2 N/S or TWC 28 35
1 CTCorTCS 30 48
2 ABS 53 ' 80
2 CTCor TCS 75 100
3 CTCorTCS 133 163
4 CTCor TCS 173 230
5 CTC or TCS 248 340
6 CTC or TCS 360 415

Key N/S-TWC — No Signal/Track Warrant Control
ABS - Automatic Block Signaling
CTC-TCS - Centralized Traffic ControlTraffic Control System

Notes  * Forexample, a mix of merchandise, intermodal, and passenger trains.
** For example, all intermodal trains

Source. Class | railroads’ data aggregated by Cambridge Systematics, Inc

Compare the 2005 and 2035 Train Volumes to the Current
Capacity, and Identify the Types of Improvements Needed to
Maintain Reliable Rail Service in 2035

Current corridor volumes were compared to current corndor capacity to assess
congestion levels This was done by calculating a volume-to-capacity ratio
expressed as a level of service (LOS) grade The LOS grades are hsted in
Table A 5. The LOS designations and descriptions correspond to the LOS desig-
nations used in highway system capacity and investment requirements studies.

Cambnidge Systemalics, Inc A-11
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Table A5 Volume-to-Capacity Ratios and Level of Service (LOS) Grades

LOS Grade Description VolumeiCapacity Ratlo

A Low to moderate train flows 001002
with capacity fo accommodate

B Below Capacty maintenance and recover from 021004

c incidents 041007

Heavy tran flow with moderate

capacity to accommodate 071008
maintenance and recover from

Incidents

Very heavy train flow with very
limited capacity to accommo-
date maintenance and recover
from incidents

Above Capacity Unstable flows, service break- >1.00
down condiions

D Near Capaaty

E At Capacity 081010

Source (Cambndge Systematcs, Inc

Rail corridors operating at LOS A, B or C are operating below capacity, they
carry hight to moderate train flows with sufficient unused capacity to accommo-
date maintenance work and recover quickly from incidents such weather delays,
equipment failures, and minor accidents Corndors operating at LOS D are
operating near capacity; they carry heavy tramn flows with moderate capacity to
accommodate maintenance and recover from mcidents. Corridors vperating at
I.OS E are operating at capacity; they carry very heavy train flows and have very
limited capacity to accommodate maintenance and recover from incidents with-
out substanhal service delays. Corndors operating at LOS F are operating above
capacity; train flows are unstable, and congestion and service delays are persis-
tent and substantial The LOS grades and descriptions correspond generally to
the LOS grades used in highway system capacity and investment requirements
studjies.

Maps of the volume-to-capacity ratios, expressed as LOS classes, for the primary
rail corndors are shown 1n Figure A2 Rail corndors operating under capacity
(at LOS A, B, or C) have been mapped n green, corridors operating near capacity
(LOS D) have been mapped in yellow, rail corridors operating at capacity
(LOS E) have been mapped in orange, and rail corridors operating over capacity
(LOS F) have been mapped in red. Current volumes are those reported in the
2005 STB Waybill Sample (factored for emphies and using an 85'h percentile day).
These volumes do not reflect fully recent trends, such as the mcrease m coal
shipments moving from the Powder River Basin in Wyoming and Montana to
Eastern utilities, nor the recent increase in intermodal containers delivered to
East Coast marine ports and transferred to rail for inland delivery. Current
capacity is the capacity as of 2007, and does not represent planned expansion

A-12
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Figure A2 2005 and 2035 Train Volumes Compared to Current Train
Capacity
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Source Cambndge Systematics, Inc

Rail capacity line expansion improvements were estimated by identifying the
upgrades to current capacity needed to accommodate future train volumes.
To avoid double-counting improvements that are currently programmed or

Cambrudye Systemalics, Im A-13
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underway, new improvements were selected to accommodate only forecast
demand, not to correct current capacity shortfalls If a corridor is below capacity
today and needs additional capacity to accommodate future demand, improve-
ments were selected to bring the volume-to-capacity ratio up to a maximum of
0.70. If a corndor 1s at or above capacity today and needs additional capacity to
accommodate future demand, improvements were programmed to bring the
volume-to-capacity ratio back to the current ratio. For example, if the current
volume-to-capacity ratio of a corridor is 0 85 and the future volume-to-capacity
ratio without improvements is estimated to be 1.6, improvements were made to
bring the volume-to-capacity ratio back to 0 85, not to 0.70.

Ihe hierarchy of corridor upgrades is shown in Table A.6. This hierarchy was
used to expand from one archetypical corndor to another, until the capacity of
the corndor could accommodate the forecasted 2035 volumes at a LOS of C or at
current LOS if already operating at LOS D, E, or F. For example, 1f a corndor
with “one track and N/S-TWC control” that teday accommadates 16 to 20 trains
per day needs to accommodate 35 trains per day in 2035, 1t would be upgraded
to “one track with CTC-TCS control.” As a rule, upgrades were selected to pro-
vide the appropnate level of service at the least cost  For the primary corridors
under consideration, it was determined that any new construction would at a
minimum involve a one-track CTC system (e g, no expansion of lines operating
on track warrants or with ABS on the primary corndors).

Table A6 Hierarchy of Archetypical Rail-Freight Corridors
Practical Capacity in Trains per Day

From To

Number of Lower Upper | Number of Lower Upper
Tracks Control Bound Bound | Tracks Control Bound Bound

NS-TWC 18 20 1 CTC-TCS 30 48

1

2 NSTWC 28 B |2 cTCTeS 75 100
1 ABS 18 % |1 CTCTES 30 48

2 2 clcTes 75 100
1 cTCTCS 30 8 |2 clcTes 75 100

2 creTes 75 10 (3 CTCTcs 1338 163
3 4 " CTC
4 5
5 6

ABS 53 80

cTCTCS 133 163 cIcTcs 173 230
B o CTCTCS 248 30
CTCTCS 380 15

CTC-TCS 173 230

CTC-TCS 248 340

Source Class | ralroads® data aggregated by Cambridge Systematics, Inc.

Note.  N/S-TWC s No Signal and Track Warrant Control ABS Is Automatic Block Signaling. CTC-TCS 18
Centralized Traffic Control and Traffic Control System
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Figure A.3 compares future corridor volumes in trains per day to future corndor
capacity assuming the necessary improvements are made The volume-to-
capacity rahos are expressed as LOS classes for each primary rail cornidor  This
map should look similar to the 2005 map 1n Figure A 2, since the goal was not to
improve a corndor beyond the current level of service. This is not entirely possi-
ble due to the step-function nature of adding capacaty. Adding an addihonal
track can cause the LOS to drop several levels,

Figure A3 Future Train Volumes Compared to Future Traln Capacity
2035 with Improvements
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Source Cambndge Systematics, Inc

Estimate the Construction Costs of the Improvement Lines

The costs to upgrade from one level of corridor capacity to another are histed 1n
Table A7. The costs are in unit costs per mile for construchion All costs are
reported in current (2007) dollars. In the example cited above, upgrading a cor-
ridor from “one track and N/S-TWC control™ to “one track with CTC-TCS con-
trol™ would cost 5700,000 per mule for construction This 15 inclusive of design,
enginecring, and installation expenses. It is exclusive of any real estate costs

Table A.7 presents average costs for typical rail freight corndors. The actual
costs of the corndors were estimated using railroad-specific capacity tables Per
mile construction costs for Eastern rail cornidors were about 25 percent higher
than the averages presented n the table because of the number of urbanized
areas, hilly terrain, and numerous river crossings At the request of the railroads,
the railroad-specific cost tables were not included in this report to protect confi-
dential raillroad business informahon.
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Table A.7  Hierarchy of Archetypical Rail-Freight Corridors
Unit Cost to Upgrade Lines

From To

Average Construction
Number of Number of
Tracks Control Tracks Control Cost Per Mile
1 NS-TWC 1 CTC-1CS $700,000

2 NS-TWC 2 CTC-TCS $700,000
1 ABS 1 CTC-TCS $500,000
2 T ABS T CTC-TCS $600,000
1 CTC-TCS 2 CTC-TCS $3,800,000
2 ' 3 T

3

4

T cTCTCs ) CTC-TCS $4,400,000
CTC-TCS 4 CTC-TCS $4.400,000
CTC-TCS 5 CTC-TCS $4.400,000

5 cTcTeS 6 CTC-TCS $4,400,000

Source AAR and Class | railroads’ data aggregated by Cambndge Systematics, Inc

The costs in Table A.7 are additive To expand from a one track CI'C to a three
track CI'C would cost $8.2 million per nule ($3.8 mullion plus $4 4 million). The
lower cost to go from one to two tracks (as opposed to 2 to 3 and 3 to 4) reflects
cost savings from connecting existing sidings, less need to upgrade drainage, and
other savings. The costs to maintain this additional track 1s not included 1n the
total.

Estimate the Cost of Significant Bridges, Tunnels, Clearance
Projects, etc.

Significant projects that are well outside the average umt cost in Table A 7, such
as bridges spanning the Mississipp1 or Ohio River or expensive new or expanded
tunnels and clearances, were included as additional costs in this study The rail-
roads, using maps provided by CS of where and how much capacity would be
needed 1n 2035, individually provided estimates for significant structures.

It should be noted that these estimates are not based on detailed engineering
studies, and therefore only provide a rough approximation In most cases, the
eshmates were based on averages ranging from $200 to $300 million per struc-
ture. A detailed list of these projects 1s not contained 1n the report, since the cost
estimates are average and should not be attributed to a specific project.

A significant structures cost eshmate was developed for CN, CP, and KCS by
prorating the total significant structures cost by the ratio of the line haul expan-
sion cost for these three railroads to the total line haul expansion cost
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Estimate the Cost to Upgrade Class I Branch Lines and Short Line
and Regional Railroad Lines Currently Below 286,000-Pound
Standards to Current Standards

The American Short Line and Regronal Railroad Association (ASLRRA) released
a report 1 2000 that 1dentified 56 9 bilhon 1n costs (1999 dollars) to upgrade the
track of America's short line and regional railroads to accommodate the current
standard weight of 286,000-pounds This estimate was updated as part of this
study. The update involved:

e The cost was inflated to represent 2007 dollars based on a construction price

index developed from the U'S. Bureau of Labor statistics  This raised the cost
from $6 9 billion to $10 8 billion

e The cost of upgrading bridges was removed, and an ASLRRA provided esti-
mate of $5 billion was included as a significant structures costs for short line
and regional railroads

e The AAR provided an eshmate 898 route miles that has been upgraded
between 2004 and 2007, an average of 299 miles per year. Using this ratio, an
estimate of 2,395 miles were assumed to be upgraded to 286,000-pound stan-
dards between 1999 and 2007

¢ The inflated cost to upgrade was reduced to reflect track already upgraded

The final estimate for upgrading short line and regional railroad track to accom-
modate 286,000-pound loads is $7 2 billion (in 2007 dollars). The calculations are
contained tn Table A.8

For the Class I railroad’s branch lines, an average cost to upgrade was calculated
at $300,000 per mile using the revised estimates from the ASLRRA The miles of
track not 286,000-pound ready was provided by BNSF, CSXT, NS, and UP. For
CN, CP, and KCS, the eshmated cost was prorated from the ratio of line expan-
s10n costs for those three railroads to the total line expansion costs

Cumbridge Systematics, Inc A-17
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INTERMODAL AND CARLOAD TERMINALS, AND
SERVICE FACILITY CAPACITY EXPANSION

The work steps to estimate the cost of expanding terminal and facility capacity
necessary for the Class I railroads to meet US. DOT projected demand was as
follows:

e Expansion of capacity at Class] railroad-owned intermodal facilitics,
including terminals, ports and gateways,

e Expansion of capaaity at carload terminals, and

* Expansion of capacity at Class | rmlroad-owned service (e g, fueling stahons,
mamtenance facilities)

Expand Capacity at Class T Railroad-Owned Intermodal Facilities,
Including Terminals, Ports and Gateways

The cost of expanding intermadal facilities, whether they are intermodal vards,
railroad-owned port facilities, or international gateways, was provided by the
raillroads CS provided to each study participant a table of on-pomnt and off-point
volumes by county and railroad service type for 2005 and 2035 The railrvads
mdiwvidually provided costs eshmates for expanding the largest and most
important intermodal facilities to accommodate the projected growth between
2005 and 2035 Consistent with other parts of this study, real estate costs were
excluded

It should be noted that these estimates are not based on detailed engineering
studies, and therefore only provide a rough approximation A detailed hist of
these projects 1s not contained in the report, since the cost esiimates are average
and should not be attributed to a specific project

An intermodal facility cost estimate was developed for CN, CP, and KCS by pro-
rating the total intermodal facility expansion cost by the ratio of the hne haul
expansion cost for these three railroads to the total hne haul expansion cost

Additional maintenance costs for these new and expanded intermodal facilities
are not included.

Expand Capacity at Carload Terminals

The cost of expanding carfoad facilities (c.g, classification yards) was provided
by the railroads CS provided to each study participant a table of on-pomnt and
off-point volumes by county and railroad service type for 2005 and 2035. The
rallroads individually provided costs estimates for expanding the largest and
most important carload facilities to accommodate the projected growth between
2005 and 2035 Consistent with other parts of this study, real estate costs were
excluded

Cumbridge Systematics, Inc A-19
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It should be noted that these eshmates are not based on detailed engineering
studies, and therefore only provide a rough approximation. A detailed list of
these projects 1s not contained n the report, since the cost estimates are average
and should not be attributed to a speafic project

A carload facility cost eshmate was developed for CN, CP, and KCS by prorating
the total carload facility expansion cost by the ratio of the hine haul expansion
cost for these three railroads to the total line haul expansion cost

Additional maintenance costs for these new and expanded carload facilities are
not included

Expand Capacity at Class I Railroad-Owned Service Facilities

The cost of expanding service facilities (e.g., fueling, car shops) was provided by
the railroads. CS provided to each study partictpant a table of on-point and off-
point volumes by county and railroad service type for 2005 and 2035, and a series
of maps showing traffic volumes by corndor for 2035 The railroads individually
provided costs estimates for expanding service facihties to accommodate the
projected growth between 2005 and 2035 Consistent with other parts of this
study, real estate costs were excluded.

It should be noted that these estimates are not based on detailed engineering
studies, and therefore only provide a rough approximation A detailed hst of
these projects 1s not contained 1n the report, since the cost estimates are average
and should not be attributed to a specific project

A service facihty cost estimate was developed for CN, CP, and KCS by prorating
the total service facility expansion cost by the ratio of the line haul expansion cost
for these three railroads to the total line haul expansion cost.

Additional maintenance costs for these new and expanded service facilities are
not included

Cambrudge Systematics, Inc



