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Profit Sensitivity and Leverage for
Solvent Western Railroads

by Brian Belt, Ph.D."

INTRODUCTION

HTHE CONCEPT of the leveraging im-
*■ pact of fixed costs on profit is well
documented in finance textbooks; how
ever, the idea of making intra-industry
and/or inter-temporal comparisons is
relatively new (e.g., see [4], [5] or [7]).
One reason why such research has not
been reported is the lack of intra-indus-
try data of cost structures. Recent Se
curities and Exchange Commission
(SEC) reporting requirements for 10K
reports have altered that data deficien
cy; the SEC requires corporations to
itemize the following six (6) costs: (1)
depreciation; (2) rents; (3) interest on
long-term debt; (4) property and non-
employment taxes; (5) pension expenses;
and (6) maintenance and repair expense
[7]. Although each of these—e.g., pen
sion expenses— is not necessarily fixed
over time, Pakkala argues that "each
element ... is essentially fixed in the
short term, assuming an ongoing busi
ness" [7, p. 47]. Obviously, other ex
penses also may be fixed, but these
aren't readily identifiable under current
reporting practices.
The "fixity" of costs in the railroad
industry is an area of some controversy.
The railroad industry has a widely held
reputation for high fixed costs—both op
erating and financial. For example [2,
Aug. 25, 1978, p. 1179]:

The effect of the grain movement on
railroad profits points up the huge
operating and financial leverage that
is inherent in the railroad business.... Most railroads make heavy use
of debt, and this adds financial lev
erage .... Therefore, when traffic
picks up, profits rise even faster . . .

Although railroads do have heavy fixed
costs associated with their rolling stock,
roadways, and facilities, these operating
fixed costs are not inordinately high rel
ative to other industries. For example, a
recent study of 1976 operating ratios
(operating expenses divided by operat
ing revenues) showed Class I railroads
with the next-to-the-lowest operating

ratios out of seven industries surveyed

*Associate Professor of Finance,
School of Administration, University of
Missouri—Kansas City, Kansas City,
Missouri.

[5, p. 178]. Since profit volatility is di
rectly related to the operating ratio, the
researcher showed that only electric util
ities are less operating-profit-volatile
than railroads while telephone utilities,
motor carriers, gas utilities, industrials,
and air carriers (the most volatile) are
more profit-volatile. Realizing that all
costs are variable in the long run, a
recent Association of American Rail
roads (AAR) study concluded that "for
a time-frame of twenty-four months,
ninety percent of railroad expenses can
be considered variable." [2, p. 4].

The "fixity" of railroad operating
costs may not be captured adequately by
the SEC cost reporting requirements.
The biggest problem deals with the costs
reported as "maintenance and repair."
Recent Interstate Commerce Commission
(ICC) accounting changes now require
that these coats include, among other
items, "car rentals"—an item that is
clearly variable dependent on the fre
quency and distance of hauling non-
owned cars. Further, maintenance in
cludes "maintenance of way"—account
ing items that are expensed under ICC
requirements; these costs would be pri
marily capitalized by nonrailroading
companies. Railroad maintenance ex

penses may well be contra-cyclical for
stronger railroads; i.e., when utilization
rates are lower, maintenance can be per
formed with lower impact on operational
efficiency. In addition, railroad mainte
nance often is contra-seasonal —which,
with the possibility of the contra-cyclical
aspect, may make SEC-reported mainte
nance a better fixed cost estimator than
might be expected from analyzing ICC
accounting requirements.!

The fixed operating costs create oper
ating leverage, but total leverage also is
impacted by the level of fixed cost fi
nancing —particularly debt. Railroads re
tain an image of being debt ridden for
two reasons: (1) the growth and expan
sion period of railroading was predomi
nantly debt financed; and (2) recent rail
road bankruptcies are highlighted by the
inability to service existing debt. West
ern District railroads—as opposed to the
more financially-pressed eastern rail
roads—had long-term debt-to-equity ra
tios of about 54% in 1978 which was not
substantially different from many indus
trial sectors [12]. Further, Schwartz
and Aronson showed that the financial
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ing use of debt as well as preferred
stock in the 1923-1962 time period in
spite of the economy-wide trend to heav
ier debt usage [8]. In fact, of the indus
tries surveyed, the railroads were the
only ones with a clear downward trend
in debt usage [8]. After considering the
above discussion with respect to both
operating and financial leverage, the
railroads may not deserve their reputa
tion for being highly "levered."

RESEARCH EFFORT

This study computes, compares, and
analyzes the effects of fixed costs on
profit sensitivity for Western District
railroads. To be included in this re
search, the railroad (or its holding corn-
structures of railroads have had declin-

pany) had to: (1) be classified as West
ern District; (2) be solvent with some
profits throughout 1975-79; and (3) at
least 50% of revenue derived from rail
road operations.2 The railroads used in
this study—as well as 1976 and 1978
railroading contributions to revenue and
profits — are shown in Table 1.
The degree of operating leverage
(DOL) and degree of combined leverage
(DCL) are calculated for each railroad
for years ending 1976, 1977, and 1978.
The cost structure — i.e., fixed versus var
iable—is determined from 10K reports;
for the purposes of this study, any cost
not classified as one of the above-listed
"fixed" costs is considered to be variable.
The computed DOL and DCL are deter
mined using the following definitions
(e.g., see [IB, pp. 680-3]):

m Total Revenue - Total Variable Cost(1) DOLat >oBe output Total Revenue - Total Variable Cost- Total Operating Fixed Coat
and

(2) DCLat
Total Revenue - Total Variable Cost

output Total Revenue - Total Variable Cost- Total Fixed Operating Cost + Other Income - Interest

Formulas (1) and (2) are based on a
linear assumption of both revenues and
costs relative to quantity of service ren
dered, i.e., revenue-ton miles. The linear
assumption on the revenue side is prob
ably quite close due to ICC price regu
lation; the linearity assumption on the
cost side is more suspect if economies of
scale are possible in the short run.

Actual leverage effects are calculated
from the income statement for each year
1977 through 1979, using the interpre
tative definitions [15, pp. 680-3] :

... X change In Wet Operating Income .lJ' I change In Revenue-Ton Miles

... 1 change In Earnings Before Taxesw " I chenge In Revenue-Ton Miles

Earnings Before Taxes (EBT) are used
in lieu of Earnings After Taxes (EAT)
or Earnings Per Share (EPS) because
the effective tax rates vary across the
sample over time. For example, the ef
fective tax rates for the western rail
road group varied from 2.1% (FN) to
35.2% (SOO) for 1977. For the 1976-79
interval, the effective tax rate of FN
varied from 2.1% to 25.0%. These effec
tive tax rate variations are due to de
preciation timing differences, investment
tax credits, loss carryback/forward, etc.
Hence, pre-tax income (EBT) must be
used to determine the leverage effects of
volume changes and, thus, eliminate the
impact of effective tax rate changes.
Formulas (3) and (4) can be inter
preted as representing profit sensitivity

(the output) relative to revenue-ton
miles (the input). For example, restat
ing formula (4) leaves: (% Change in
EBT) = DCL (% Change in Revenue-
Ton Miles). Therefore, DCL is the multi
plier in the relationship: what happens
to profit (output) as the result of
changes in revenue-ton miles (output).
If DCL is 2x, then a 10% increase in
revenue-ton miles should result in a 20%
increase in EBT, ceteris paribus.
The levels of leverage effect for the
values computed from formulas (1) and
(2) for years ending 1976, 1977, and
1978 are compared to actual leverage ef
fects as determined by formulas (3) and
(4) for the years 1977-79. The leverage
effects are computed from (1) and (2)
based on the assumed cost structure for
each railroad as shown in Table 2. These
leverage effects are computed at the end
of any period for application into the
next period; hence, the forecasted lev
erage effect for year-ending 1976 should
be compared to the actual leverage ef
fect for 1977.
The differences between computed and
actual leverage effects are discussed in
light of economic conditions and other
pertinent factors. If railroads are truly
heavily fixed-cost oriented, then one hy
pothesis is that the larger the percent
age of railroad revenues, the more sen
sitive profits are to revenue-ton miles
variability. In addition, an inter- temporal
analysis of leverage effects will be made
to see what effect the cyclical expansion
of the economy during 1976-79 had cm
leverage effects. Another hypothesis in
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TABLE 1

WESTERN DISTRICT RAILROAD HOLDING COMPANIES
AND THEIR RAILROADING EXPOSURE

RR as Z of RR as Z of Net

Stock
Total Revenues Operating Income

Company Name Symbol 1976 1978 1976 1978

Burlington Northern BNI 92 91 94 49

Chicago & Northwestern CNWEA 100 100 100 100

Kansas City Southern KSU 84 87 58 82

Missouri Pacific MIS 79 74 77 74

Rio Grande Ind. RGI 81 82 86 84

St. Louis-San Francisco FN 100 96 98 98

Santa Fe Ind. SFF 72 78 28 47

Soo Line SOO 100 100 100 100

Southern Pacific sx 87 84 70 51

Union Pacific UNP $7 52 58 53

vestigated is that as the economy ex
panded, the individual railroads should
have moved farther from their break
even points and thus, the effects of lev
erage should have declined.

RESEARCH RESULTS

As indicated above, the assumed fixed
costs for each railroad are shown in
Table 2. Also shown are fixed costs as
a percentage of revenues as well as the
operating ratio (see [7] for discussion
of the former on profit volatility and see
[5] for discussion of the latter). The
average fixed cost as a percentage of
western railroad revenues declined
slightly from 41.3% in 1976 to 40.9% in
1978, while the average operating ratio
declined from 84.6% in 1976 to 83.2% in
1978. Both of these declines for the rail
roads support the idea that, as a group,
the western district railroads are mov
ing away from their respective break
even points as the cyclical expansion in
the economy proceeds.
Table 3 shows the computed or fore
casted values of DOL and DCL for each
railroad for 1976-78. In general, both
forecasted leverage effects decline
slightly over time during the economic
expansion of 1976 +. The decline in lev
erage was pronounced in 1977, but then
increased slightly for the group in 1978;
1978 was the year in which inflation be
gan to outrun ICC rate relief reviews.*
The results support the hypothesis that
railroads do have high fixed costs, but
become somewhat less profit sensitive as

the business cycle proceeds from a re
cession—particularly in the early stages
of an economic expansion. A correla
tional analysis of the 1978 percentage
of railroad revenues (Table 1) versus
the 1978 computed DOLs shows a corre
lation coefficient (r) of +0.56; 1978 per
centage rail revenues versus 1978 com
puted or forecast DCLs also has an "r"
of +0.56. These findings support the hy
pothesis that profit sensitivity (i.e., lev
erage effects) is related positively to
the proportion of railroad operations.
Further, about 30% (r2 or the coefficient
of determination) of the variation in
profit sensitivity can be ascribed to vari
ability in the proportion of railroading
operations.
The actual level of leverge effects is
shown in Table 4. Negative values in
Table 4 indicate that revenue-ton-miles
declined or profits declined in spite of in
creases in revenue-ton-miles. For exam
ple, BNI had negative leverage effects,
but was not operating in the loss area
[16, p. 72] ; that is, revenues increased
during 1977, but profits declined. As
with the leverage effects computed based
on the assumed fixity of costs (Table 3),
the actual profit volatility declined as
the economy expanded during the first
two years from the cyclical low.
The correlation coefficient of railroad
revenues as a percentage of 1978 total
revenues versus actual 1979 DOLs was
+0.51, while the "r" compared to actual
DCLs was +0.44.6 The correlation co
efficients have positive signs; hence,
profit sensitivity is directly related to
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TABLE 3

COMPUTED LEVERAGE EFFECTS *
[Tabular Values are Times (x ) ]

Year
Endio WesternDistrict Railroad

WesternDistrict
Railroad Average:BNI SFF1976

DOL*

CNWEA

8. 3
26. 1

MIS
3.5
4.6

5.7
9. 7

RGI
3. 5
4.32

EN
5. 5
8. 1

S
0
0

3 . 9
4 . 3

S X
5 . 7
7 . 0

UNP

2 . 7

DCL

4 . 8
x

8 . lx9 . 3 2 4 . 6

1977

3 . 2 3 . 5 3 . 3 . 8 3 , 2DOL*

DCL*

6 . 6
1
2
. 6

7 . 5
1
6
. 4

5 . 0
8 . 0

2 . 5
3 . 0

4 . 3
x

6 .6x5 . 7 4 . 1 3 . 4

1978

DOL*

DCL

7 . 0
1
0
. 9

8 . 6

18. 0

3 , 6
4 . 7

3 . 2
4 . 0

3 . 2
3 . 6

4 . 5
7 . 5

3 . 9
4 . 2

3 . 6
3 . 9

6 . 784 2 . 5

228

4 . 7 %

6 .8x

*Computed leverage effect values are determined using the algebraic formulas ( 1 ) and ( 2 ) , assuming
Table 2 values are all the fixed costs , and any other cost is variable .

fuel - related and , therefore , had little
profit impact other than to pass through
higher costs . The general tariff increase

in October , 1979 , was large enough to

impact overall 1979 profits ; therefore ,

those last five rate increases helped
profits to grow faster than revenue -ton

the proportion o
f railroading revenues .

Profit sensitivity is , in turn , directly re -

lated to the " fixity ” of costs a
s

can be
seen in formulas ( 1 ) and ( 2 ) .

One interesting element of Table 4 is

that actual profit sensitivity increased
for 1979 — several years after the eco
nomic expansion occurred . This in

creased sensitivity meant that profits
grew much faster in 1979 relative to

revenue - ton -mile growth than in the pre
ceding years . The primary cause o

f

this
was the impact of ICC -granted rate in
creases which had lagged behind cost
increases in 1977 and 1978 . The general
rate increase in December , 1978 , obvi
ously impacted 1979 results . The first
three 1979 rate increases were small and

A comparison o
f
the forecasted (com

puted ) leverage effects ( Table 3 ) with
actual leverage effects ( Table 4 ) shows
that the forecasted values overstated
leverage effects for 1976 / 7 and 1977 / 8 ,

but understated them for 1978 / 9 . As dis
cussed above , the 1979 experience was
more heavily impacted by rate increases
than by revenue - ton -mile growth , One
reason why the computed values may

TABLE 4

ACTUAL LEVERAGE EFFECTS

[ Tabular Values are Times ( x ) ]

Year
Ending WesternDistrict Railroad :

K
S
U

U
N1977

DOL
DCL

BNI

- 0 . 3 * *

- 0 . 8 * *

C
N
- E
A

- 1
6
. 1 * *

-60 . 5 * *

MIS

4 . 1
5 . 6

3 . 6

RGI

1 . 6
1 . 7

WesteraDistrict
RRAverage te

3 . 5
2

. 4 . 6 %

SFF

1 . 6
2 . 3

3 . 3
3 . 1

2 . 8
3 . 0

6 . 6
9 . 16 . 6 9 . 1

1978

DOL*

DCL*

1 . 8
2 . 9

0 . 7
1 . 1

1 . 6
1 . 9

0 . 7
1 . 0

3 . 1
3 . 8

2 . 9
2 . 6

0 . 8
0 . 7

2 . 8
3 . 1

- 6 . 8 * *

- 7 . 8 * *

1 . 4
1 . 5

1 . 8
x
2 . 1

1979

0 . 4 2 . 9DOL
DCL

2 . 1
2 . 6

- 12. 1 * *

- 2
7
. 9 * *

5 . 6

- 4 . 2

1 . 5
2
1

1 .

- 1 . 8 * *
. 44

2
3
. 6
3
1
. 23 . 3

5 . 8
x

8 . 0 %1
4
. 5 9

* Actual leverage effect values are determined using the interpretative formulas ( 3 ) and ( 4 ) .

* * Negative values indicate that revenue -ton -miles declined or operating profits EBT declined in spite
of revenue - ton -mile increases .

* * * Western District Average leverage effects exclude negative ( - ) values .
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have overstated actual values lies in the
definition of costs—fixed versus variable.
The arbitrary cost distinctions as re
flected in Table 2 do not permit accu
rate forecasting of leverage effects. Fur
ther, the costs assumed to be fixed (Ta
ble 2) grew at a rate of over 14% per
year (i.e., more than 1% per month). If
costs are growing at this rate through
out the planning period, then the costs
are clearly not fixed during a year. A
better approach might be to use a short
er comparison period such as the first
quarter of each year following the com
puted leverage effects (Table 3). Unfor
tunately, operations in western railroads
are heavily seasonal due to weather and
agricultural harvest shipping.
One area not explicitly shown in Ta
bles 3 and 4 is the degree of financial
leverage (DFL); arithmetically, the DFL
is shown as:

(5) DCL = DOL * DFL or

By inspecting Table 3 and 4, the DFL is
about 1.5 times for the computed lev
erage effects (Table 3), and about 1.3
times for the actual leverage effects
(Table 4). Hence, the use of financial
leverage has relatively small impact on
profit sensitivity for the average west
ern railroad. The dominance of operat
ing leverage (DOL) versus financial lev
erage (DFL) on overall profit sensitivi
ty was shown numerically in an earlier
study [3].

CONCLUSIONS

This research suggests that western
railroads are relatively fixed-cost busi
nesses; the strong positive correlation
between profit sensitivity and the propor
tion of railroading revenue tends to sup
port this view. This view of railroads as
heavier-fixed-cost organizations is not
universally accepted (e.g., see: [2]). The
fixed costs of the railroads are more
heavily operating fixed costs as opposed
to financial fixed costs. The western rail
roads as a group moved away from their
breakeven points as the economic expan
sion following 1976 proceeded in spite of
a growth rate of almost 15% per year
in the assumed fixed costs. This move
ment away from breakeven levels is
shown by the declining leverage effects
through 1978. 1979 leverage effects are
affected by several general rate in
creases.
The results of this study may provide
useful insights for railroad managers,
security analysts, ICC rate analysts, or
transportation experts who are current
ly trying to revise and rationalize the

U. S. railroad system. The results from
this study should prove particularly use
ful since the research is based on a dy
namic (flow) analysis rather than a
static (stock) analysis of change in
profits.
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FOOTNOTES

1 The contra-cyclical and/or contra-seasonal
maintenance argument above is conjectural in
nature and warrants further study before being
accepted at face value.

2 Western District trunk railroads not meet-
in? these restrictions are the : Milwaukee, Mis
souri-Kansas-Texas (Katy), and Bock Island.
Due to corporate reorgan ization, adequate infor
mation on the Western Pacific was not available.

and, therefore, this railroad is not included in
the study.
3 The basic algebraic formulas (e.g., [IS, pp.
680-3J) are based on a linear model assuming- no
"Other Income." Western District railroads— like
many firms—have material levels of "other in
come" ; formula (2) above is developed In the
same methodology as Weston and Brigham [15,
p. €81] to incorporate "other income."
4 There were two (2) general rate increases
in 1978 (versus four (4) in 1979); however, the
larger of the 1978 increases (7.0%) wasn't
granted until December, 1978.
5 These correlation coefficients (r) for the re
lationship between the proportion of 1978 rail
roading revenue (Table 1) and 1979 DOL and
DCL (Table 4) are computed for positive DOLs
and DCLs only.
6 For a more complete discussion of the degree
of financial leverage (DFL). see: [15. pp. 680-3].


