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Abstract

This paper analyzes the second-best pricing and investment rules
to be followed in the transportation industries in the presence of

intermodal competition, exogenous price distortions, and financing
constraints, using both theoretical and simulation analysis.
It shows that price distortions and financing constraints in one mode
will not only affect the investment rules in that mode, but will also
affect the pricing rules and investment decisions in all other
modes. While the theoretical discussion indicates that the second-
best pricing and investment rules are quite complex, the simulation
analysis indicates that the benefit function is relatively flat,

suggesting that the costs of using simpler first-best rules may be

relatively small.
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1. Introduction and Overview

The conventional first-best rule for determining the optimal level of

public investment in transportation infrastructure is the equalization

of marginal investment benefits and cost. With this perspective, a number

of studies have argued that there has been excessive investment in

transportation infrastructure, e.g., Friedlaender (1965), Haveman (1972).

However, the first-best rules may be misleading as a specific guide

for policy in a situation which is characterized by price distortions and

institutional linkages of transportation investments to specific distortionary

taxes. If these impediments to first-best optimization cannot be eliminated,

the investment rules must be modified to take account of them.

There are significant deviations between prices and marginal costs

in the rail and trucking industries,— and the bulk of highway investment

is financed by user charges via a trust fund. Further, beginning in

October 1980, a modest user charge was imposed on barge operators and

a waterway trust fund was established.

These distortions imply that the evaluation of transport investments

should be made within a second-best framework. Thus in this paper we

analyze the second-best structure of user charges and investment rules in

the context of the distortions and constraints that exist in the intercity

freight industries. Our analysis of the relationship between fuel taxes,

output taxes, and investment rules shows that second-best policies generally

require the use of both fuel and output taxes to finance transportation Invest-

ments. Whether the second-best rules imply higher or lower investment levels

than the first-best rules cannot be determined a priori, since this depends upon
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the nature of the existing distortions and the general equilibrium

elasticities of output with respect to fuel taxes, output taxes and infra-

2/
structure investment.—

This paper takes the following form. Section 2 analyzes the second-

best structure of user charges and investment rules in a multi-modal,

multi-commodity setting and shows that it is not generally possible to

derive explicit analytic solutions for the quasi-optimal tax structure or

investment rules. Section 3 provides a simulation analysis of the

second-best user taxes and infrastructure levels in the railroad indsutry

under a number of different price distortions and financing constraints

and discusses the policy implications of the analysis.



2. Second-Best Taxes and Investment Rules

Since each mode typically carries a wide range of freight, there is

a high degree of substitutability among the demands for the various modes.

Thus price distortions or financing constraints in one mode will imply

that offsetting distortions should be made in other modes, e.g.,

Brauetigam (1979). Consequently, a full analysis of second-best pricing

and investment rules requires a multi-modal framework. However, while we

keep the realism of a multi-modal, multi-commodity framework, we assume

that each mode can be described by a single representative firm and hence

ignore problems posed by interfirm competition. Since we are viewing

the problem from a public policy perspective of social welfare maximiza-

tion, this simplification seems acceptable.

In our model the optimization process takes place in two steps.

Each mode is assumed to maximize profits, taking as exogenous the taxes

and the level of infrastructure determined by the government. From this

step, we determine the reduced-form relationships for output and factor

demands as a function of the policy variables. In the second step the

government determines the tax structure and level of infrastructure to

maximize social welfare, given the relevant price distortions and/or

3/financing constraints.— For convenience we assume that price and output

changes in the transportation sector do not cause price changes throughout

the economy.
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2.1. Market Equilibrium

We first obtain the reduced-form relationships for output of the trans-

portation firm. Let X.. be the amount of commodity j carried by mode i,

where j = l,...,n and i = 1, . . .
,m. We assume that there is substitutability

among modes for the shipment of any given commodity, but no substitutability

among commodities, which leads to these inverse demand functions:

i = 1, . .
.
,m

q. . = q..(X^ .,...,X .) (1)
^' ^J IJ "J

,i
= l,...,n

where q.. represents the price paid by the shipper. By definition,

q.. = p.. + u., where p.. represents the producer price and u.. represents

the user charge for commodity j on mode i. The net revenue obtained by

mode i is therefore

R. = I(q. .
- u. .)X. . i = 1,.. .,m (2)

To highlight the problem of the optimal provision of infrastructure,

we divide costs into variable costs and infrastructure costs. For each

mode a conventional cost function relates total variable costs to the

vector of outputs, the vector of input prices, and the level of infra-

structure. Since all factor prices remain constant by assumption, we

suppress this vector in the cost function. However, we introduce fuel

taxes as an explicit argument in the cost function:

C. = C.(X.^ ,...,X. ; t., I.) i = l,...,m (3)
1 1 il mil

where C. is the total variable cost, t. is the fuel tax and I. is the
1 1 1

level of infrastructure for mode i, which is assumed to be provided by
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the eovernment. The infrastructure costs are eiven by w.I., where w.

is the unit cost of infrastructure.

Each transport mode is assumed to control its own level of output.

Hence profit maximization yields the following first-order conditions.

3tt. 9q..(X, ., X .)

-^-= [q..(X, .,...,X .) - u..] + X. -iJ-iJ -iM_
9X^ '^±r Ij'---' mj^ ij^ ij g^

3C.(X..,...,X. ; t., I.)
1 il m 1 1 _ _

9X. .

i = 1, . . .,m

j = 1, . . .,n
(4)

Thus in maximizing its own profits, each mode will treat the outputs of

the other modes as given. However, a full solution of the problem

requires the simultaneous solution of the above mxn first-order conditions.

We assume this yields the following reduced-form equations for each of

the outputs:

i = 1 , . .
.
,m

X,.. = X,,(u,.,, t^., I

J

(5)

j = 1, . . .,n
ij ij ij 1 i'

2.2. Welfare Maximization

The problem facing the government is to maximize the sum of consumers'

surplus, producers' surplus and the government's surplus, subject to the

existing price distortions and/or financing constraints, given the reduced-

form behavior of output embodied in eq. (5). The benefits can be expressed
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equivalently as the sum of the wi 1 1 inj^ness-to-pay in earh mode and

1 u«j 1 Lax rpveriijcs, less the total c(^sts of production. llenc;e.

B = Z [

'\i
q^^(h^^,0,...,0)dh^. +

X .

q (X . ,X ^ ., h .)dh .]mj Ij ni-l,j mj mj '

+ E t.V.(X. ,,...,X. , t., I.)11 il in' i' i'^
1

-Z C.(X.^,...,X.^, t., I.) -Zw.I. (6)
1 1

where X.. is the equilibrium output and q.. is the shipper price of commodity
ij ' ^ij

j in mode i; h.. is a dummy of integration; t. is the fuel tax and

V. is the conditional demand for fuel on mode i, derived from the cost
1

function by Shepherd's Lemma; I. is the infrastructure; and w. is its

unit cost for mode i.

Since the relationship between investment rules and price distortions

can be seen most clearly in the case where no financing constraints

exist, we first consider this case and then analyze the implications

of the imposition of financing constraints.

The government has three policy instruments available: an output

tax XI- on each commodity in each mode, a fuel tax t. on each mode,—

and the level of infrastructure I. in each mode, giving a total of m(n+2)
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control variables. Maximization of the net benefit function with respect

to these control variables yields these first-order conditions:

9B

8

8X.. 3V. 3X..
^5— = Z T. (q . .

- C . . ) ^-^^ + T. t. I 3^ • ^^-1 =
u . . 11 11 9u , i . dX.

.

du
rs 1 J

' " rs 1 2 ij rs

(7a)

r = 1 , . . . ,in

s = 1, . . . ,n

— = E E (q^j-C ) 3^+2 t.(E X
. xi^ X ^ ^rij -^ r 1 J 9X. . 3t 9tJ -^ ij r r

r = 1 , . . . ,in

„^ 9X.. 9V. 9X.. 9V

|^= I E (q..-C..) —iJ-+ E t.(E—^.x^ + x^]
91 . . 11 11 91 , X . dX. . dl dlrxjrijijr r

9C^

XT w. = r = l,...,m (7c)
d i . 1

where C.. = 9C./9X.. represents the marginal cost of the ith mode

with respect to the jth output, and the meaning of the other variables

should be clear.

Note that q.. - C. is the deviation bewteen price and marginal
1,1 1,1

cost. This can differ from zero if user taxes are imposed or if

noncompetitive pricing elements exist. Hence q.. -C.. =u,.+d..

where u.. represents the user charge and d.. represents the noncompetitive
ij *^ ij ^

price distortion. Making this substitution and rewriting eqs. (7a) — (7c)

in matrix form yields the following:



[X ](u + [V„]t) = - [X ]d (8a)
U A U

[Xj(u + [V^]t) + [V^]t = - [Xj.]d (8b)

[X^](u + [V^]t) + [V^]t + 6 = - [Xj] d (8c)

where [X ] = (mxn) x (mxn) matrix of reduced form output derivatives

with respect to the output taxes, i.e., 8X../3u
ij rs

u = (m X n) X 1 vector of output taxes

[V 1 = (m X n) X m matrix of derivatives of fuel usage with
X

respect to output, i.e., 9V./9X..

t = m X 1 vector of fuel taxes

d = (m X n) X 1 vector of noncompetitive price distortions

[X ]
= m X (m X n) matrix of reduced form output derivatives

with respect to the fuel tax, i.e., 3X../9t
' ' ij r

[V ] = (m X m) diagonal matrix of derivatives of fuel usage

with respect to the fuel tax, i.e., 9V./9t.11
[X ]

= mx (m X n) matrix of reduced form output derivatives

with respect to infrastructure, i.e., 9X../9I

[V ] = (m X m) diagonal matrix of derivatives of fuel usage

with respect to infrastructure, i.e., 9V./9I.f ' ' 1 1

5 = mx 1 vector of deviation between marginal cost savings

and infrastructure costs, i.e., 6^ = -9C^/9I^ - w.
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As long as X and V are not singular, in the absence of noncompetitive

price distortions, i.e., d = 0, eqs. (8a) and (8b) require u = and

t = 0. However, this implies that 6 = in eq. (8c). Thus in the absence

of noncompetitive price distortions and financing constraints, first-

best pricing and investment rates should be followed: price equals

marginal cost; no user taxes; and investments should be

carried to the point where the marginal cost savings (-8C./9l,) equal

the marginal cost of infrastructure (w.)- Conversely, eqs. (8a) — (8c)

also indicate that in the presence of arbitrary price distortions

(d / 0), second-best welfare maximization will generally require

nonzero user charges, fuel taxes, and deviations from first-best invest-

ment rules. However, inspection of eqs. (8a) — (8c) should also indicate

that while explicit solutions of u, t and 6 are possible (if d is

treated as exogenous) , without knowing the specific

functional forms involved it is not possible to obtain much information

concerning the sign or magnitude of the relevant policy instruments.

Because of the complexity of the multi-modal, multi-commodity

framework, it is useful to consider a single-mode, single-output example.

In this case, the government has three policy instruments at its disposal

(u, t and I), and the above system of equations reduces to:

^t " ^"I'^X^^t "^ ^\^t + ^^t "
° ^^^^

Bj = (q-C^)X^ + tV^X^ + tV^-Cj-w =0 (9c)

where the subscripts denote differentiation with respect to the

relevant argument, and the variables are now scalars. Note that

q - C^ E u + d.
A
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We first determine the effects of the government's policy instruments

on the endogenous variables by implicitly differentiating the profit-

maximizing conditions for the (single-output, single-mode) firm, eq. (4)—

to obtain:

X = - n /n = 1/n < o (loa)
U XU XX XX

X, = - n ^/n = c ^/n = c^ /n = v x < o (lOb)
t Xt XX Xt XX tX XX X U .

^I = - "xl/"xx = ^Xl/"XX > (10-)

Note that II < from the second-order condition for profit maximization
XX

and C = V from Shepherd's Lemma. Finally, it seems reasonable to

assume that C < 0, that is, an increase in infrastructure reduces
A J.

marginal costs.

We examine the relationship between price distortions, user charges,

and investment rules in the case where an arbitrary fuel tax is employed,

but there is no direct link between investment levels and user tax

revenues. This situation is roughly comparable to the case of the

waterways. Here the government's problem is to determine the optimal

output taxes (if any) and the optimal investment levels.

Eq. (9a) indicates that with an arbitrary fuel tax the optimal

output tax is equal to the negative of the exogenous price distortion

plus the marginal change in fuel tax revenues with respect to output,

that is

u = -(d + tV^) (11a)



Thus the output tax should correct not only for any price distortions

that may exist in the transport industries , but also for the revenue

effect of the input price distortion. If u can be set in this quasi-

optimal fashion, then eq . (9c) indicates that investment should be

carried to the point where the difference between the marginal invest-

ment benefits and costs is equal to tlie negative of the marginal change

in fuel tax revenues due to the change in investment, that is,

6 = -tVj (lib)

Since we expect an increase in infrastructure to reduce the amount

of the variable factors utilized, we assume V < 0. Thus eq. (lib)

indicates that for an arbitrary fuel tax t > and the quasi-optimal

output tax policy in eq. (11a), we have 6 > 0, i.e., investment should

be curtailed relative to its first-best levels. The distortion caused

by a fuel tax and monopolistic pricing should be countered by an output

subsidy; but this causes equilibrium output to increase. In response

to this effect, the level of infrastructure should be curtailed.

However, if institutional constraints prevent a subsidy (as they

apparently do), infrastructure should be expanded relative to its

quasi-optimal levels. In this case, the divergence between marginal

investment benefits and costs should equal the value of the disallowed

subsidy less the loss in fuel tax revenues arising from the change

in the infrastructure, that is,

6 = -dXj - t(V^Xj + V^) . (12)

The first term of this expression is unambiguously negative, while the second

term reflects two conflicting pressures: the revenue loss due to the

substitution against fuel (tV ) , which we call the substitution effect;
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and the revenue increase due to the increase in capacity and usage (tV X ),
A i

which we call the output effect. If the output effect is greater than the

substitution effect, the second term is also unambiguously negative. Hence

6 < 0, indicating that infrastructure should be expanded relative to its

first-best levels. If, however, the substitution effect is greater than the

output effect, the sign of the second term is ambiguous, indicating that

6 > 0. Hence whether the infrastructure should be greater or less than its

first-best levels cannot be determined a priori, and depends upon the relative

magnitudes of the price distortions and the net revenue loss in fuel taxes

arising from the investment. Nevertheless, a comparison of eq. (12) and eq.

(lib) clearly indicates that in the absence of a quasi-optimal output sub-

sidy, investment should be expanded relative to the levels that would exist with

such a subsidy. This makes intuitive sense, since the increase in

capacity operates in the same fashion as a subsidy.

Although the single-output, single-mode case sheds some intuition

on the problem, it clearly represents a major oversimplification.

Thus while it is possible to determine analytically the nature of

the second-best pricing and investment rules in this simplified case,

it Is not generally possible to do so in the multi-modal, multi-

commodity case.

2.3. Financing Constraints

The imposition of financing constraints raises two interesting

questions: (1) What is the optimal structure of output and fuel taxes

in the presence of a financing constraint; and (2) l\niat are the appro-

priate investment rules to follow in the presence of a financing constraint?
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The problem can be formally analyzed by adding this financing

constraint:

n

I U..X.. + t.V. = Y.W.I. i = l,...,m (13)
. ^ 11 11 11 111
J=l

where Y- represents a parameter reflecting the stringency of the

financing constraint, Y- ^ 1- If Y- = 1> all of the investment must

be financed by user charges
^ Y- = means no net tax collection, and

Y. < permits net subsidies.
' 1

Thus the government's problem is to choose u.., t. and I. to^ ij' 1 1

maximize

L = B + E A.(Zu..X.. + t.V. - Y-w.I.) (14)
1 11 11 11 111

1

where B is the net benefit function defined in eq. (6) above. The

resulting first-order conditions are:

|^-= #- + I A.[Z u.. ,-^+ t. Z —11.—11+x ]=09u 9u . 1 . ij 9u i . 9X. . 9u rs^rs rs 1 J -* rs j ij rs

r = 1,. . .,m

s = 1,. . .,n

r = 1,.. . ,m

8X.. 9V. 9X..

^ J IJ r

9V.

r

(15a)

9L ap 9X.. 9V. 9X.. 9V.

K^^ -^^^if^-i: 9r^ + ^^^i^^9^-9t^^ sr^^ = ° (15b)
^ rij-'r jijr r

Ir -Ir ^Pi'J"ij3r^^'i<f3^-^-3r)-Y,^i = o „3c,
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-Iv- = ^ U..X.. + t.V. - Y-W.I. = (I5d)
dX. . IJ IJ 11 'ill v±ju/

1 J

where the variables have their previous meanings,

A solution to this system can be characterized by using eq . (15b)

to solve for the X . and substituting the resulting expressions into

eqs. (15a) and (15c). Eqs. (15a) and (15d) then form m(n+l) equations

to solve for the (m x n) output taxes (u..) and the m fuel taxes (t.).

These can then be substituted into eq. (15c) to solve for the second-

best investment rules (6^) or the second-best levels of infrastucture

(I^). However, while the system is determined, it is clear that little

intuition concerning the signs or the magnitudes of these second-best

taxes or investment levels can be obtained from this analysis.

Again, a highly simplified single-mode, single-output example

is useful in focusing on some of the issues involved. In this case

the first-order conditions are:

R X + XR + d X =0 (16a)
X u u u

R^X^ + tV^ + XR^ + d X^ =0 (16b)

R + 6 + X(Rj-Yw) + d X^ =0 (16c)

uX + tV - ywl = (16d)

where R = uX(u,t,I) + tV[X(u, t, I) , t, I] and the subscripts denote

differentiation with respect to the appropriate variable. To characterize

the quasi-otpimal user taxes we first solve eq. (16a) for the Lagrangian

multiplier X and substitute this into eq . (16b). We then use eqs. (16b)

and (16d) to obtain these expressions for u and t:
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t = -(1-E^^)VX^_(YwI + dX)/D (17a)

u = {ywI[VX,^,(1 -E^^) - XVJ + dXjV^a-E^^) - YwIVj,]}/D (17b)

where D = -[V^X (1-E„^,)^ + X^V ] + d XX (17c)
Ll Va t 11

X is the change in equilibrium output with respect to an output

tax and was shown to be negative in eq. (10a) . E represents the
VA

partial elasticity of fuel usage with respect to output and is positive

since V > 0. V represents the own-price derivative of fuel and is
A t

negative. Thus in the absence of exogenously determined price distor-

tions (d = 0) , a necessary and sufficient condition for the fuel tax to

be positive, i.e., t > 0, is that E < 1.
VA

For u > 0, an additional condition is needed, namely that

V /V

The first term of this expression denotes the direct elasticity of fuel

usage with respect to output, while the second term denotes the indirect

elasticity of fuel usage with respect to output that is induced by a change

in the fuel tax. Thus expression (18) indicates that for u > 0, the

sum of direct and indirect elasticity of fuel usage with respect to

output must be less than unity. Since expression (18) also implies

E < 1, a sufficient condition for both t > and u > is that expression
VA

(18) holds and that there are no exogenous price distortions in the

economy (d = 0).
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Al ternatlvely , Gxpresslcm ( 1 K) ran be wrlLtiii .is

This states that for u and t to be positive, the sum of the direct and

indirect elasticity of fuel usage with respect to the fuel tax must be less

than the elasticity of output with respect to the fuel tax. This conclusion

is consistent with the usual Ramsey pricing criteria. A positive

fuel tax will cause distortions in both input and output markets. For t > 0,

the direct elasticity of output with respect to tha fuel tax must be smaller

in absolute value than the indirect elasticity of fuel usage with respect

to the fuel tax, i.e., the direct output distortion must be less than the

indirect input distortion. However, for u > 0, the output elasticity with

respect to the fuel tax must be smaller in absolute value than the sum of

the direct and indirect fuel elasticities. Otherwise, output should be

subsidized rather than taxed. In this latter case, output should be

expanded to counteract the distortions caused by the fuel tax.

Finally, if there are exogenous price distortions (d > 0), eqs

.

(17a) — (17c) indicate that one cannot determine the sign of t and u

a priori. If d is sufficiently great, D < and then the opposite conclusions

may hold. Thus the appropriate signs and magnitudes of the quasi-optimal fuel

and output taxes crucially depend upon the relevant input and output elasti-

cities and the nature of the existing price distortion. Nevertheless, it will

usually be the case that second-best pricing will require a combination of

fuel and output taxes. Since transport investments are typically

financed by revenues from fuel taxes alone, this indicates that the

use of output taxes should be considered.
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We consider next the second-best investment rule. Using eq . (16a)

to solve for X and then solving expression (16c) for 6 yields:

-Yw[X(E - 1) + R ]

6 = ^ ^ (19)
K
U

where E represents the elasticity of revenue with respect to infra-
Ri

structure and R denotes the derivative of user tax revenues with respect
u

to the output tax. The second-best difference between marginal invest-

ment benefits and costs depends upon the strength of the financing

constraint (y) and the sensitivity of revenue to the level of infra-

structure and output taxes.

While it is impossible to sign 6 a priori, it is possible to

obtain some inferences concerning its sign. First, if y = 0, i.e.,

no net subsidy is allowed, then 6 = as long as the output tax and

the fuel tax are set at their optimal levels, i.e., u = t = 0. Second,

if R > and E„^ > 1, 6 < and investment should be increased relative
u RI —

to its first-best level. Finally, if E < 1, while R > 0, it is possible
Rl u

that 6 could be zero or negative. More generally, however, since the

values of X, R , and E„^ depend upon the values of u and t, a determination
u RI

of the value of 6 requires that the second-best values of u and t,

given in eqs. (17a) — (17b) be substituted into these expressions and

all of the relevant variables be simultaneously determined.

Basically, expression (19) indicates that if revenues are sufficiently

elastic with respect to investment, it is desirable to expand investment

relative to its first-best levels. If, however, revenues (and usage) are

not very elastic with respect to investment, then distortions caused by

the user charges needed to finance the investment generate a sufficient
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clc;i(lwt' IkIiL burden Lo in.ikc curt ;i I I meiU of 1 iivestmcn t rc'l;itlvc> lo lis TirKL-

best levels desirable. Finally, if exogenous price distortions exist,

then it may be necessary to employ offsetting distortions through user charges

and investment levels. However, without specific knowledge of the magnitude

of the distortion, and the magnitude of the relevant derivatives, it is

not possible to make a priori statements in terms of the nature of the

second-best user taxes and investment rules. Thus exogenous price

distortions introduce a fundamental complexity, making second-best

generalizations difficult.

Again, it is important to stress that in the multi-commodity, multi-

mode case, it is virtually impossible to determine the signs of u..,

t., and 6. analytically. However, given the underlying cost and

demand functions, it should be possible to solve for the optimal user

charges and investment levels under a range of price distortions

and/or financing constraints. In this way, it should be possible

to determine the social costs of price distortions and imperfect

investment rules.

3. A Simulation Analysis

To analyze the quantitative impact of price distortions and financing

constraints, we utilize the cost and demand functions estimated by

Friedlaender and Spady (1981) for the rail and trucking industries for

bulk and manufactured goods. While this two-commodity, two-mode case

is still highly simplified, this empirical analysis is considerably more

realistic than the one presented analytically in the single-commodity,

single-mode case.
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A full description of the cost and demand functions used in this

analysis is given in Friedlaender and Spady (1981) . The demand function

for each mode assumes that output depends on rates and service qualities

of both modes and exogenous factors such as income and employment. Thus

\i =
^Tj^^T.i' \y ^Tj' %' ^) -1

= ^'« ^20a)

\j =\jSj' ^Rj' Qtj' \y ^j^ J ="'S (20b)

where X^., X^ . are the outputs; q„ . , q„ . are the rates; Q ., , are
Tj' Rj " ' ^Tj' ^R.i 'tj' 'Rj

the modal and shipment characteristics of commodity j on truck and rail,

respectively; A. and B. represent other factors affecting the demand

for commodity j

.

The marginal cost function for railroads includes the output of

passengers and of bulk and manufactured goods explicitly and incorporates

the role of infrastructure as well as a number of other technological

variables; It takes the following general form:

^Sj = ^Sj^^P' ^RM' ^B' ^R' ^Rr W\b' V i = ^'^ (21a)

where X , X , and R respectively are passenger, manufactured, and
Rr RM XB

bulk output by rail; w is a vector of factor prices facing railroads
R

(including fuel); T is a vector of technological characteristics

(length of haul, track, average load, etc.); ^nxy^on ^^ ^ traffic mix
RM RB

variable; and I is the railroad infrastructure. Thus MC represents
R Rj

a short-run marginal cost function.
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The trucking marginal cost functions incorporate the role of

operating characteristics for each commodity type but do not take the

underlying highway infrastructure into consideration or consider bulk

and manufactures as separate outputs. Thus they take the following

general form:

^Sj =^Sj^^TM+V' ^T' \j) J =^'^ ^'"'^

where the variables have the same definitions as they did in the case

of the rail cost function.

These marginal cost and demand functions were estimated for rail

and trucking firms for a geographic area defined by the Interstate

Commerce Commission as the Official Territory for the year 1972.

The year 1972 was chosen because it represents the most recent year

for which data were available to estimate compatible cost and demand

functions; the Official Territory was chosen because it encompasses

the area of New England, the Middle Atlantic States, and the North Central

and Central States, and thus incorporates the industrial heartland

7 /
of the country.

—

Given our assumption that the only input which can be taxed is fuel,

a full simulation analysis of the two-mode, two-commodity case requires

optimization with respect to eight variables: two output taxes in

each mode, the fuel tax in each mode, and the infrastructure in each mode.

However, data on highway infrastructure and trucking fuel taxes were not

incorporated into the trucking cost functions, necessitating these variables

8 /
to be taken exogenously .— Hence this analysis focuses on taxes and

infrastructure levels in the railroads under a number of different assump-

tions about distortions in the trucking industry.
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We present detailed results for the following scenarios:

1. Historical price distortions and fuel taxes and infrastructure.

2. Status quo "competitive" equilibrium in which p = MC, but input

taxes and trucking infrastructure are exogenously determined.

3. Historical price distortions and fuel taxes: solve for optimal

railroad infrastructure.

4. Historical trucking price distortions and fuel taxes: solve for

optimal rail taxes and infrastructure.

5. No trucking price distortions, but historical fuel taxes and infra-

structure: solve for optimal rail taxes and infrastructure.

These last two scenarios are analyzed in two cases: no financing

constraint (y ^ -°°) ; and a binding financing constraint (y = 1).

Table 1 summarizes the benefits, second-best levels of railroad

infrastructure and taxes, and a number of other variables reflecting

9/
traffic allocations under each of these scenarios.—

Case ] provides the historical status quo, with the rates and

traffic allocation that existed in 1972. This is marked by wide deviation

between prices and marginal costs with rail rates on manufactured goods

being significantly below marginal costs and those on bulk commodities being

somewhat above marginal costs, while truck rates are above marginal costs on both

commodities. At this time railroad investment was $17,990 billion and

the total net benefits were measured to be $5,742 billion.

Case 2 provides a competitive equilibrium in the rail and trucking

markets in conjunction with the determination of the optimal railroad

infrastructure. However, although this solution approaches a long-run

competitive equilibrium, it does not represent a full competitive



-;'/-

equilibrium, since highway infrastructure and fuel taxes are taken to be at

their historical levels. Nevertheless, a movement from the historical

equilibrium to this quasi-competitive equilibrium increases net benefits

to $6,934 billion, indicating that the status quo is quite inefficient.

Note that in this solution railroad investment falls by approximately

50 percent and that rail traffic on manufactures is reduced drastically.

Thus this solution leads to a substantial diversion of activity from rail

to truck.

It is interesting to compare this competitive equilibrium with Case

3, which assumes historical price distortions in the output markets (denominated

in percentage terms) and finds the optimal railroad infrastructure. Since there

is more rail traffic in this case, there is also more infrastructure, but

benefits are substantially lower than those associated with the competitive equili-

brium, again indicating the inefficiencies associated with existing pricing policies

.

Since neither highway infrastructure nor highway fuel taxes are set

in an optimal fashion, it is likely that competitive pricing will not yield

a full second-best optimum. Indeed one of the major conclusions of this paper

is that if distortions exist in one market, offsetting distortions are needed

in all markets. This is illustrated in Cases 4 and 5, which solve for

the optimal level of railroad taxes and infrastructure, given historical

pricing distortions in the trucks (4) and competitive pricing in trucks

(5). In both cases, the second-best optimum calls for output taxes on

bulk and manufactured goods, but a fuel subsidy. While price distortions

are needed in the output market to reflect trucking distortions, input

subsidies are needed to reduce overall rail costs and expand output relative

to trucks. While inferential, this solution would be consistent with a
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scenario in which there was overinvestment in highway infrastructure.

It is also interesting to note that although truck prices equal marginal

costs in Case 5, the second-best pricing still includes output taxes

for the railroads.

Cases 6 and 7 provide a similar analysis when a financing constraint

is imposed and railroads are required to pay for their infrastructure. In

this case, rail output taxes rise, and output and infrastructure are reduced

accordingly. Since less rail traffic is carried because of the need to

finance the infrastructure and the smaller capital stock, benefits are also

reduced. However, it is interesting to note that under a financing constraint,

benefits are somewhat higher under the imposition of historical trucking

distortions. Apparently, since considerable rail distortions are needed

to satisfy the financing constraint, society is better off with similar

trucking distortions.

From Table 1 we infer that there is substantial social payoff in moving

from the existing pricing distortions to ones that either reflect competitive

pricing or second-best pricing. However, once the historical pricing

distortions are abandoned, the benefit function appears to be relatively flat.

Moreover, it is also interesting to note that the main social cost appears

to come from inefficient pricing policies rather than from nonoptimal

infrastructure levels, since there is a relatively modest rise in benefits

from changing railroad infrastructure alone (Case 1 as opposed to Case 3)

.

Finally, even though the benefit function may be rather flat, it is

worth noting that the allocation of these benefits among the various

transport users is not. In particular, shippers of manufactured goods

by rail are the clear beneficiaries of the historical pricing pol iries and

would suffer a major loss in any policy that moved away from historical

rail price distortions. Similarly, truck users would clearly benefit from
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policies that led truck prices toward their competitive levels as

opposed to the existing distortions.

In conclusion, this simulation exercise shows that the interrelationships

both within and between modes, make it necessary to have an integrated

policy for the rail and trucking modes. However, it also suggests that

once the gross inefficiencies have been corrected, the benefits from further

fine-tuning of the rate structure or infrastructure may be relatively small.

This suggests that a full optimization may not be necessary and that the

problem may be more tractable than the theoretical analysis of this paper

would indicate.
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NOTES to Table 1

1. The highway infrastructure and the truck fuel tax are fixed at their

historical (1972) values in all the cases. The policy variables are the

railroad infrastructure I„, the two railroad output taxes for manufactured

and bulk goods u_, and the railroad fuel tax t„.

2. The budget constraint requires total railroad tax revenues to be equal

to the fixed costs of the railroad infrastructure, which are taken to be

12.2% of the values of the infrastructure.

3. If taxes/subsidies are levied, the producers' revenues and costs shown

are those after taxes have been paid and subsidies received. Where there

is only a distortion and no taxes are collected, the producers' revenues

have been evaluated at the market prices.

4. The percentage tax/distortion is given by 100 * (Price - Marginal Cost)/

Price. For the rail fuel tax, the price used is the 1972 value of

10. 97c/gallon for diesel.
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NOTKS

1. Friedlaender and Spady (1981) have recently argued that bulk commodities

are priced substantially in excess of marginal cost in the rail and

trucking industries and that manufactured goods are priced somewhat below

marginal cost in the rail industry. Unfortunately, data are lacking to

perform similar anlayses for the barge industry, but the Corps of

Engineers appears to assume that prices equal marginal cost for the

purposes of evaluating waterway investments.

2. For related work see \«Jheaton (1978), Wilson (1980), and Borins (1978).

3. Thus the analytics of the problem are quite similar to those of

optimal commodity taxation or optimal income taxation, e.g., Atkinson

and Stiglitz (1980, Chs. 12 and 13). We are implicitly assuming that

there are no distortions in the rest of the economy.

4. Note that the sum of consumers' surplus, producers' surplus, and

govenrment surplus can be written as

rX.

B = Z Z [ q. . (z. .)dz. . - q. .X. .] + [E Z p . .X . .
- l C (X X t I M

1 -j
iJ iJ iJ ^iJ ij \ .

^1.1 ij ^ i^^il'---'^in'*'i'-^i"'

+ [E I u. .X. . + Z t.V. - Z W.I.]
. . ij 11 . 11 . 11
1 J 1 X

whore tlie first bracketed term represents the consumers' surplus, the

second bracketed term represents producers' surplus, and the third

bracketed term represents the government surplus. Noting that q
ij

u.. + p., and collecting terms yields eq. (6).
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5. In principle, the government can levy a tax on all the inputs used by

each mode. For simplicity we allow a tax on only one input, and call it

fuel because this has been the traditional source of revenues.

6. Note that we provide this analysis for the case of a price-taking

regulated transportation firm. Hence d is treated as being exogenously

determined by regulatory policy rather than endogenously determined

through monopolistic pricing practices. To analyze an endogenous price

distortion would complicate the analysis considerably, without changing

its fundamental nature.

7. The Census of Transportation contains the data needed to perform

the analysis. Although a 1977 edition is now available, this was not

available when the cost and demand analysis was undertaken.

8. The problem with incorporating highway infrastructure variables

into the analysis is that there are many other highway users than the

trucks utilized in this analysis. Hence a satisfactory quantitative analy-

sis of the impact of the highway infrastructure upon trucking costs

was not possible. Although fuel was incorporated as an explicit factor

price in the trucking cost functions, the tax component of these prices

was not available.

9. The optimal values of the nolicy variables have been found by evaluating

alternative combinations of their values over a wide range. For each combina-

tion considered, the equilibrium values of the endogenous variables were

generated by solving the eight nonlinear supply and demand equations by an

iterative technique. The consumers' surpluses were calculated by intogrntlng

the area under the demand curves with an upper cut-off point of 20^. In

view of the various approximations required to find the optimal values, it is

clear that the precision of the reported figures is somewhat overstated.
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In addition, it is worth noting that the rail revenues exclude

$1.06 billion of exogenous revenues derived from passengers, grain,

and coal traffic which were assumed to be constant throughout the

analysis. Moreover, the negative trucking surplus reflects the fact

that the trucking costs were estimated to be subject to diminishing

returns and hence will yield a deficit at a competitive equilibrium.
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