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The Impact of Rising Energy Prices on Transportation
Costs and Industrial Location Patterns+

Doris Cheng**

Recent studies of the impact of rising energy prices on firms’ location decisions gen-
erally assume that the rise of energy prices has no impact on transportation costs of raw
materials, intermediate goods, and consumer goods. Leaving out the energy price factor
in transportation cost functions may create some bias in the discussion of the optimum
location of firms. In this paper, the transportation cost effect of rising energy prices is
included explicitly in a model of bilateral monopoly. It shows that the optimum location
of firms will be affected by rising energy prices when both the buyer’s and the seller’s
production functions are constant returns to scale. The final outcome depends on the rel-
ative strength of the impact of rising energy prices on various transportation rates. These
results are quite different from the ones obtained in the previous papers, namely, Sakashita
(1980), Hwang and Mai (1987), and Cheng and Shieh (1991).
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1 . Introduction
Lately we have observed interest in the discussion of the impact

of rising energy prices on firm’s location decisions. In a recent paper,
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Sakashita (1980) develops a two-firm model on a straight line to discuss
the firms’ optimum location patterns and the impact of rising energy
prices on firms’ location decisions. Sakashita’s analysis is confined to a
case of perfectly competitive markets and constant transport rates, and
it leads to the end-point location patterns. Meanwhile, by assuming neg-
ligible transport cost effect, he concludes that the rise of energy prices
induces double location of firms instead of separate location. Hwang and
Mai (1987) extend Sakashita’s analysis to a case of bilateral monopoly.
Assuming that the transport rate is a function of distance, they consider
two non-cooperative cases: a monopoly solution and a monopsony solu-
tion. They show that there exists a possible intermediate location for
both firms in the monopoly case, and in the monopsony case the seller
definitely locates at the port, while the buyer may have an intermediate
location. They also conclude that the impact of rising energy prices on
the location of the buyer and the seller depends upon the nature of the
buyer’s production function only. Recently, Cheng and Shieh (1991) ex-
tend Hwang and Mai’s analysis to a cooperative case where the firms’
objective is to maximize their joint profit. Following the assumption
that the transport rate is a function of distance, they show that there
exists a possible intermediate location for both firms. As to the impact
of rising energy prices on firms’ location decisions, they conclude that the
optimum locations of the firms are independent of energy prices when
both buyer’s and seller’s production functions are constant returns to
scale. However, in some other cases, the firms’ location decisions will be

affected by the rise of energy prices. In the above papers, it is generally
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assumed that the rise of energy prices has no impact on the transporta-
tion rates of raw materials, intermediate goods, and consumer goods.
Nonetheless, the consensus is that changing energy prices should have
some effect on transport costs, and the impact on different transport
rates may be discriminating due to the different usable transportation
systems for raw materials, intermediate goods, and consumer goods. For
instance, transport by railroad may suffer less from rising energy prices
than by trucking. A quotation from Sakashita’s article (1980) explains
this point very well: “.-.... the impact of rising energy prices on different
transport rates is also discriminating -+---- The raw material itself can
be transported by the pipeline system for instance, which suffers least
from the rise in energy prices. The intermediate good can be shipped
by the railway but the consumer’s good usually depends on trucking
systems -« -- .- " (P.428). Leaving out the transportation cost effect of
changing energy prices may create some bias in the discussion of the im-
pact of rising energy prices on the pattern of industrial location. In this
paper, we attempt to correct the bias by incorporating the energy price
factor in the transportation cost functions. We will extend Cheng and
Shieh’s model to analyze the impact of rising energy prices on industrial
location patterns in a situation where transporation costs are functions
of energy price and distance. It will be shown that the results derived
in this paper are quite different from the ones obtained in the previous
papers, namely, Sakashita (1980, PP.427-428), Hwang and Mai (1987,
PP.261-262), Cheng and Shieh (1991).
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2 . MODEL

Consider a market for an intermediate good K, which is character-
ized by a single seller and a single buyer. The buyer uses K as its input
to prodcue the consumer good ), which is sold in the market center
located at a fixed distance S from the port. The seller produces K by
using an energy-related raw material input M (such as crude oil), which
is imported from abroad and sold at the port at a given price m. Both
firms locate along a straight line in the order of the port, the seller, the
buyer, and the market center as illustrated in Figure 1. Let x be the
distance between the port and the seller’s location, and y be the distance
between the seller’s location and the buyer’s location, then z = s — 2z — y

is the distance between the buyer’s location and the market center.

Figure 1
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The following assumptions are made in our model:
(a) The production function of the buyer is homogeneous of degree

one:!

Q=K (1)

(b) The production function of the seller is homogeneous of degree

one.

K=M (2)

(c) At the market center, the buyer faces a downward-sloping de-

mand function.

P=P(Q), Pg<0 (3)

(d) All transactions are based on f. o. b. mill pricing, i.e., buyers
have to pay for the transportation costs.
(e) The buyer and the seller recognize their interdependence and
are able to cooperate to maximize their joint profit.
(f) Transportation costs are functions of energy price m and dis-
tance with positive and increasing first derivatives.
The last assumption marks the main deviation of our model from
Cheng and Shieh’s analysis. The objective function of the cooperative

seller and buyer can be specified as:



476 The Impact of Rising Energy Prices

Mazn = 7% + 2B
=kK — [m+ C(z,m)|K + [P(Q) — A(z,m)]K — [k + B(y,m)]K
= [P(Q) — A(z,m)]K — B(y,m)K — [m + C(z,m)|K (4)

where 75 = kK — [m + C(z,m)]K and 78 = [P(Q) — A(z,m)]K — [k+
B(y,m)]K are profit functions of seller and buyer respectively; A(z,m),
B(y,m), and C(x,m) are unit transport costs of @, K, and M respec-
tively. Here, we assume that transport rates decrease with distance and
are sufficiently convex, thus A, >0, By >0, C; > 0, 4;; > 0, By, > 0,
and C,,; > 0.2 Tt is also assumed that rising energy prices will cause the
unit transport costs and the marginal transport costs of @, K, and M
with respect to distance to rise. Therefore, Ay, B, Cm, Az, Bym,
and C;,, will have positive signs. Also, k is the mill price of K, and z,
y, K are choice variables.

The first order conditions for joint profit maximization are:

Or/0z = (A, — C;)K =0 (5)

or/dy = (A, — B))K =0 (6)

o /0K = [MR(Q) — A(z,m)] — B(y,m) — [m + C(z,m)] =0  (7)
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where MR(Q) = P+ QPg > 0. The second order conditions re-
quire that the principle minors of the relevant Hessian determinant al-

ternate in sign:

Tzg <0 (8)
77:23: ;‘:xy > 0 (9)
yz vy

<0 (10)

Dz‘”w Tyy TyK
TKz 7Ky 7KK

where:

Tez = —(Azz + C2z)K

Moy = My = —A; . K

Tz =Tk = A, —C =0

Tyy = —(Azz + Byy)K

Ty =Tyk = A; — By =0

ki =2Pg+QPgq =E

If the second order conditions are satisfied,® we can solve for K, z,
y fromv equations (5), (6), and (7) in terms of m and s, and there exists

a possible intermediate location for both industries.
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3 . Impact of Rising Energy Prices on Optimum
Location
In what follows, we will consider the comparative static effects of m
on r and y by totally differentiating the first order conditions (5), (6),

and (7). Via the Cramer’s rule, we obtain:

6.’1)/87’71 = (E/D)KZ[(AZZ + Byy)(Azm - sz) - Azz(Azm - Bym)]
(11)

0y/0m = (E/D)K*([(Az: + Coz)(Azm — Bym) ~ As:(Azm — Com)]
(12)

The signs of equations (11) and (12) are difficult to determine except

in the following cases:*

(1)0z/0m <0 and Oy/Om >0 if Cipm > Aim > Bym  (13)
(11)0z/0m >0 and Oy/Om <0 if Crm < Aim < Bym (14)

(174)02/0m =0 and Oy/Om =0 if Cym = A,m = Bym (15)
Equation (13) indicates that if the rise of energy prices has the
strongest impact on the marginal transport cost of raw material and
the weakest effect on the marginal transport cost of intermediate good,
the seller will move its location closer to the port and the buyer will

move its location away from that of the seller and closer to the market
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center as energy price rises. Equation (14) indicates that if the rise of
energy prices has the strongest impact on the marginal transport cost of
intermediate good and the weakest effect on the marginal transport cost
of raw material, the seller will move its location away from the port and
closer to that of the buyer, and the buyer will move its location closer to
that of the seller and away from the market center as energy price rises.
Obviously, the patterns of industrial location crucially depend on the
relative strength of three forces: the raw material pull, the intermediate
good pull, and the market pull.® Equation (15) indicates that if the rise
of energy prices has the same effect on the marginal transport costs of
raw material, intermediate good and consumer good, the firms’ location
decisions will not be affected by rising energy prices since the three forces
mentioned above just cancel out one another. This result coincides with
the conclusion made by Cheng and Shieh (1991), which is clearly focusing
on a speical case in a more general model. The above results are also
quite different from those obtained by Sakashita and Hwang and Mai.
In Sakashita’s paper (1980, P.428), he concludes that the rise in energy
prices is likely to induce double location at the port or the market.
Hwang and Mai assert that the distance between the location of the
buyer and that of the seller will be invariant to any change in energy
price if the production function of the buyer is constant returns to scale in
the monopsony case (1987, P.262). They further argue that the location
of the seller Will. move away from the port, and the location of the buyer
will move closer to that of the seller and away from the market site as

energy price rises if the production function of the buyer is constant or
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decreasing returns to scale in the monopoly case (1987, P.261).

4 . Conclusions

This paper has extended Cheng and Shieh’s analysis to capture the
transportation cost effect of rising energy prices. The model developed
in this paper allows explicit discussion of the discriminating impact of
rising energy prices on various transportation rates. The results de-
rived in this paper show that the rise in energy prices will affect the
firms’ location decisions when both the buyer’s and the seller’s produc-
tion functions are constant returns to scale. The final outcome depends
on the relative strength of the impact on different transportation rates.
If Com > Asm > Bym, the seller will move its location closer to the port
and the buyer will move its location away from that of the seller and
closer to the market center as energy price rises. If Cppp < A,m < By,
the seller will move its location away from the port and closer to that
of the buyer, and the buyer will move its location closer to that of the
seller and away from the market center as energy price rises. These re-
sults are quite different from the ones obtained in previous papers. The
upshot of this paper is that the inclusion of the transportation cost ef-
fect of changing energy prices has significant impact on firms’ location
decisions. Although the analysis is limited in scope, it is believed that
even this simplified model can shed some light on the nature of industrial
location patterns under different energy prices when the transportation

cost effect of changing energy prices is taken into account.
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Notes

1 The purpose of adopting a linearly homogeneous production func-
tion is for simplicity. However, it is easy to show that in the case
of homogeneous production function, HM’s and CS’s results do not
hold if transpbrt costs are functions of distance and energy price.
We leave this to the interested readers.

2 The assumption of A, >0, By, >0, and C;; > 0 is made such
that we can derive an interior solution in our model to carry out
the comparative static analysis. Contrary to the general belief, this
assumption does not require the existence of long-haul diseconomies.
For example, if C is the unit transport cost of raw materials and

a(x, m) is the unit transport rate of raw materials per mile, then:

C = a(z,m)z

0C/0z = d'(z,m)z + a(z, m)

0C?/8z? = a"'(z,m)z + 2d'(z,m)

To satisfy the assumption of C,, > 0, we can have a combination
of a"(z,m)z > 0 and 2d'(z,m) < 0. So that even if the transport
rate decreases with distance, as long as the transport rate function
is sufficiently convex with respect to distance, the condition of C;,

being positive can be satisfied.
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3 To show that the second order conditions are satisfied, we will follow
Hwang and Mai (1987, PP.258 and 260), Cheng and Shieh (1991)
to assume that transport rates decrease with distance and are suffi-
ciently convex, thus, A,, > 0, Byy >0, C;; >0, and E < 0. Then,
we obtain: (i)m;; = —(A,, + C,z)K <0
(ii) Dy = TouTyy — (Tuy)® = (A2 Byy + A2:Crs + ByyCoyK? > 0
(iii) D= ED; <0

4 For cases other than those presented here, the signs of dz/0m
and/or Jy/Om are hard to determine. For example, if Cy,, > Bym >
Aim, Ox/0m < 0, but the sign of dy/dm is hard to determine. Be-
cause in this case the raw material pull dominates, thus the seller
will get as close to the source of raw material as possible when energy
price goes up. However, the impact of rising energy prices on the
buyer’s location is more difficult to determine due to the balancing
factor of the three forces: the raw material pull, the intermediate
good pull, and the market pull.

5 A thoughtful referee points out that equations (11) and (12) can be

rewritten as:

0z/0m = E/DK2[A,,(Bym — Com) + Byy(Asm — Cam)]  (11')

8y/dm = E/DEK?[Cyue(Asm — Bym) + Asz(Com — Bym)] (12

It should be noted that as long as C,,, is greater (less) than By,
and A.p,, 0z/0m < 0 (0z/0m > 0). Similarly, as long as By, is



Journal of Social Sciences and Philosophy 483

greater (less) than A, and Czm, dy/0m < 0 (8y/0m > 0). Thus,
the impact of rising energy prices on firms’ location decisions de-

pends solely on the relative strength of the raw matertial pull or |
the relative strength of the intermediate good pull. In other words,
the raw material pull or the intermediate good pull becomes the

dominating force in forming the firms’ location decisions.
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