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STRUCTURAL DIFFERENCES AND MACROECONOMIC ADJUSTMENT

TO OIL PRICE INCREASES IN A THREE-COUNTRY MODEL

by Nancy Peregrim Marion and Lars E. 0. Svensson

1. Introduction

In this paper a three-country model based on intertemporal
maximizing behavior is constructed in order to analyze the effects
of oil price increases on welfare levels and trade balance positions.
The model can also be used to assess the effects of oil price in-
creases on the world interest rate, on the final goods terms of trade
between oil importers (what is sometimes called the real (external)
exchange rate), and on output, investment and savings levels, oil
imports, wages, and consumption at each date.

The theoretical interest in these effects is derived, of course,
from the substantial oil price increases that have occurred over the
last eight years, the resulting large surpluses in OPEC's trade
balances, the corresponding overall deficits in the rest of the world
vis-d-vis OPEC, and the differential macroeconomic adjustment among
oil importers.

There is by now an extensive literature on the macroeconomic
effects of oil price increases. However, this literature mostly
relies on a static, small economy analysis that keeps world interest
rates and traded goods prices fixed following an oil price increase.

Such a partial=-equilibrium and non-intertemporal approach is limiting



and could be misleading. Moreover, such a single-economy framework
cannot be used to study the differential responses of oil importers
to o1l price increases.

Three—country world equilibrium models have recently been constructed
by Schmid (1980) and Sachs (1980), but they differ considerably from the
one developed here. Schmid's model of OPEC and two OECD oil importers
is within the monetary-approach-to-the-balance-of-payments tradition and
lacks an explicit treatment of the intertemporal choices involved in
saving and investment behavior that are so crucial to what we think 1is
a proper analysis of the current account response to oil price increases.
In fact, there is no capital accumulation in his model nor is there a
role for the world interest rate. In addition, he assumes that both
o1l importers produce the same final goods, and so ignores the expendi-
ture-switching effects from relative price changes induced by oil price

increases.

Sachs' model of OPEC and two industrial oil importers, on the
other hand, is intertemporal in nature and gives an important role
to capital accumulation and the world interest rate in the macro-
economic adjustment process., However, his model is not used to
examine changes in welfare levels and relative trade positions that
result from oil price increases. Moreover, it is too complicated to
solve analytically, and is instead examined by simulation methods.

The two-period three-country model developed below is
analytically tractable and easily manipulated and interpreted. It
relies on the dual approach, characterized by the use of expenditure

and GDP functions. Such an approach is formally equivalent to



traditional ones which use utility and production functions, but it
has some practical advantages, among them notational simplicity. Our
way of applying the dual approach has been very much inspired by
Dixit and Norman (1980).

The model is used primarily to isolate the determinants of changes
in welfare levels and of changes in trade balance positions when there
are oil price increases. It shows that welfare levels are influenced
by direct oil terms of trade effects, final goods terms of trade effects
and intertemporal terms of trade effects. Relative trade balance
positions among oil importers are influenced by these same terms of
trade effects and also by a consumption-wealth effect and substitution
effects in consumption and investment.

The model also highlights the role of structural asymmetries
between o1l importers in accounting for differences in trade balance
responses. A number of structural differences are isolated in turn
in order to determine their influence on the final goods terms of
trade, which is the key factor in affecting relative trade balance
positions.

It is shown that oil price increases can worsen the relative
trade position of the more oil dependent importer by deteriorating
its final goods terms of trade. O0il price increases also cause a
final goods terms of trade deterioration for the oil importer with
the larger net creditor or smaller net debtor position in the first
period, for the oil importer with more flexible wages in the first
period, and under plausible conditions, for the oil importer with

the smaller marginal propensity to save. Finally, oil price increases
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deteriorate the final goods terms of trade of the oil importer with
the smaller degree of substitutability in oil and can hence worsen
its relative trade position.

The rest of the paper is organized as follows. The three-country

model is sel out in Section 2. In Section 3, world equilibrium is

defined. The effects of an o0il price increase on welfare levels,
trade balances, world interest rates, and the relative price of final
goods are derived. Section 4 analyzes in turn the role of five
structural asymmetries which influence the final goods terms of

trade and hence the relative trade balance response of o0il importers.
These structural asymmetries are (1) the degree of oil dependence,
(2) the net creditor or debtor position, (3) the marginal propensity
to save, (4) the employment response and (5) the degree of substi-

tutability in oil. Section 5 provides some concluding remarks.

2. The home country, the foreign country and OPEC

Consider a world of three countries in an intertemporal framework.
Call the three countries the home country, the foreign country and
OPEC. There are two dates, indexed t = 1 and 2.

At date 1 three goods are produced: (1) home final goods, produced
exclusively in the home country, (2) foreign final goods, produced
exclusively iﬁ the foreign country, and (3) oil, produced exclusively
in OPEC. At date 2, two goods are produced: a common [inal good is
produced in the home and foreign countries,zand 0oil in OPEC. Imported
0oil is used as an input in production in the home and foreign countries.

It is neither consumed nor stored.



[

At date 1 the non-OPEC countrics consume home aud forcign goods.
They can also use their own-produced good for investment purposes in
order to increase their capital stocks at date 2. To capture the lag
in OPEC consumption of its oil revenues, we invoke the extreme
assumption that there is no OPEC consumption at date 153 At date 2
all three countries consume final goods.

All three countries can trade goods on the world market at each
date. They also have access to a common world credit market.

OPEC exogenously scts oil prices in terms of home goods at date
1 and in terms of final goods at date 2.4 The price of foreign goods
in terms of home goods and the home goods rate of interest are
endogenously determined.

ILet us now examine the behavior of the home country, modeling first
its production side. Let xt = ft(kt,ﬁt, zt) denote its well-behaved
concave production function at date t, where xt is output of home goods,
k" the home country's capital stock, 2t its emp loyment level, and 2t its
input (import) of oil. The representative firm opcrates competitively.
It is then convenient to represent the production side by means of

the revenue, or GDP, functions? Yt(P;, Qt, kt, lt), defined as

(2.1) Yt(PE, Qt, kt, Zt) = max {Pﬁxt - Qtzt: xt = ft(kt, Zt, xt)},

where Pé and Q1 are the nominal spot prices of home goods and oil

. . . 2
at date 1, measured in some arbitrary unit of account, and Ph =P

and Q2 are the nominal spot prices of final goods and oil at date 2.
Throughout the rest of the paper we shall use home goods as the

numeraire at date 1 and final goods as the numeraire at date 2, and
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we shall hence normalize Pé = PZ = 1. We let ql= Ql/P& represent the date 1

0il price relative to home goods at date 1 and q2= Q2/P2 represent the date 2
. . . . t t t t
oil price relative to final goods at date 2. Then, Y (1, q , k, 2)
is GDP, or national value added, measured in home goods at date 1
and final goods at date 2.
We use standard properties of GDP functions to express home goods

supply, the home country's import of oil and its demand price for

labor as

t t t t
(2.2) x = Yl’ z =-Y, w = YE
t t t t . .
where Yl’ Yq’ Yk and Y2 denote the partials of the GDP function

(Y; denotes BYt/BPﬁ), and w® represents the date t wage relative to
home goods at date 1 and relative to final goods at date 2.

With respect to employment, we assume that labor is fixed in total
supply within the home country. Initially, flexible wages ensure a
given full employment level, lt, at each date. The full-employment
assumption will be relaxed in Section 4.4.

With regpect to capital, the home country's cepital stock at date
1, kl, is predetermined and exogenously given. Its capital stock at
date 2, kz, can be augmented by investment of home goods at date 1, il.

Thus
(2.3) k™ =k + 1
At date 2 there is no investment.

We can derive the home country's investment function in the following

manner. We denote the home goods discount factor by & which is



identical to /(1 % r), where r is the home goods rate of interest.

. . 1 2 120,
The home country's investment (demand) function, 1 (1, &, q°, k', & ), is
then, under competitive conditions, given by the level of investment that

maximizes the difference between the present value of GDP at date 2 and

the cost of investment at date 1, 1i.e., the solution to the problem

2 1 .1 1

(2.4) max {6Y2(1, q%, k' + i%, ¢4 - i

.1
1

}.

The investment function hence fulfills the first-order condition

2 1

(2.5) 6Yi(1, q°, k 1

2
v 1he1,8, 4%, k1, 25,00 =1,

which says that firms invest up to the point where the present
value of the marginal product of capital in date 2 production equals
the price of capital goods at date 1.
To examine the properties of the investment function, we differentiate

(2.5), which gives the derivatives

2,2
Lg= =Y /8, >0,
11 2 2

q=- qu /Ykk <0,

(2.6)
1
Ik = -1, and
1 2 2
Lo = g Mk >0,
where Yiq =82Y2/8q28k2, Yik = 82Y2/8(k2)2, and Ié = 811/86, etc.

The derivative I; is positive, since by the concavity of the



CDP function in the capital stock the sccond order partial Yik is
negative. The partial Ié is negative if capital and oil are com-
plements. Similarly, the derivative I; is positive if capital and labor
are complements. Throughout we shall assume that capital and oil, and

capital and labor, are indeed complements. This is so if the production

function fulfills the non-restrictive condition that all its cross

. t t t - 6
artials f f and f are positive.
P k2’ 'kz’ Lz P
Let us next consider the home country's demand side. We assune

that the home country can be represented by a well-behaved utility

1

2 2
function U(ci, cf, c ), where Ch' Cf, ¢ are the home country's

consumption of home goods and forecign goods at date 1 and of final

goods at date 2. louseholds seek to maximize utility subject to the

constraint that present-value expenditures do not exceed present-value

income. Define the corresponding (present value) expenditure function
as
1 1 2 -
(2.7) E(Ph, Pf, DP™, u) =
. 1 1 1 1 22 1 1 2
min {Ph ch + Pf S + DP7c” : U(ch, Cesr © ) > u},
. Cl C2
‘s

where P; is the nominal spot price of foreign goods at date 1,
and D is the nominal discount factor, equal to one over one plus
the nominal rate of interest. The expenditure function gives
the minimum present value of expenditure on consumption required
to reach a target utility level, u, at given prices.

Choosing date 1 home goods as numeraire, letting the relative
price of foreign goods in terms of home goods be denoted by p,

1 -
where p = Pf/P& (the real exchange rate), and recalling that the



home goods discount factor 8§ is equal to DPZ/P;, we can use

the linear homogeneity property of the expenditure function to
write (2.7) as E(l, p, 8§, u), the present-value of expenditure
on consumption measured in date 1 home goods.
A standard property of the expenditure function is that its partial
with respect to the price of a good equals the Hicksian compensated

demand function for that good. Hence

where El, L and E. denote the partials of the expenditure function.
B D

Consider next a competitive cquilibrium for the nome country, which

can be represented by the intertemporal budget constraint

(2.9) E(L, p, &, u) +1' (1, 8, ¢, 22

1 1 1 2
=¥, g, 0 v ey, o, 1ha, s, g

where we have suppressed the given capital stock k1 at date 1.

The budget constraint states that the present value of expenditure
on consumption and investment equals the present value of GDP over
the two dates. It can be understood as expressing the welfare level
u as an implicit function of oil prices, the price of foreign goods,
the discount factor, and the emplovment levels. Given this

welfare level, output of final goods, o1l imports and wages
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are given by (2.2), consumption at cach date is given by §2.8), and
investment is glven by the investment function.

The budget constraint can alternatively be written as equating the
present value of expenditure on consumption to the home country's
wealth, W, defined as
(2.10) w = (' =11 + ev?,
which is the sum of GDP at date 1, net of investment, and the present
value of GDP at date 2.

The home country's trade balances at dates 1 and 2, bl and b2,

are defined as

(2.11) bl =y - -pEp -1 and b =Y - E

From (2.9) and the homogeneity of the expenditure function it follows

that the trade balances fulfill

(2.12) b + b = 0,

i.e., trade is balanced in present-value terms over time but not
necessarily at each date.
As can be seen from inspection of (2.11), the home country's

. 1 , . . .
trade surplus at date 1 is equal to GDP (Y ) minus domestic absorption

1
(El + pEp + I ) at date 1. Alternatively, the trade surplus represents

, 1
the excess of domestic saving (Yl - EJ - pEp) over investment (I).
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Since there is no initial debt and hence no interest payments at
date 1, the trade surplus at date 1l is also ecqual to the current-

account surplus and represents the net accumulation of foreign assets.

. . 1 . .
Finally, since GDP at date 1 equals output, x , minus the value of oil
input 121 the trade surplus can be written t ( ! i)

as expor - ¢, -

» 94 ’ P ports (x h i
minus the value of imports (pc; + qlzl). In summary, (2.11) incorporates all
the basic definitions of the trade (current-account) balance, and each
of these measures is based on intertemporal maximizing behavior and is
determined by the same set of factors.

Let us now examine the foreign country, which behaves much like
the home country. Its variables and functions will be denoted by a
star superscript.

The foreign country produces foreign goods at date 1 and
final goods at date 2 using capital, labor and imported oil.

*t t t *t *t . .

Let Y (p, g, k , & ) denote its GDP functions, where we note that
at date 1 the first argument in the GDP function is the relative price

of foreign goods. The foreign country's output, oil import and wage

rate at the two dates are given by

) 1 1 1
(2.13) x*= Y7<p (py q ), 2*1 = _Y*:l (p’ql)v w*l = Yzl(p’ ql); and
2 2 2
R I A e P P RO R

2 2

*
w*® = Y?Z(I, q, k 2)

L4

where we have suppressed labor inputs and the date 1 capital input
due to the constant level of (full) employment at each date and

the exogenously given date 1 capital stock.




The foreign country can invest foreign goods at datce 1 to increase
its capital stock at date 2. Its investment demand function,

* * * 2 )
I l(p, S, q2, k l, £ 7y, will fulfill

' 2
N N N

(2.14) 6Y§2(l, &, s ¥, 8, qF, Kk, 2¥), = p.

The derivative of the investment function with respect to the price of

foreign goods is

, ] 2
; * = 7k <
(2.15) 1= g <0,

and the other derivatives of (2.14) are given by expressions analogous
to (2.6)
The foreign country's demand side is represented by its expenditure

function E*(1, p, §, u*), where the consumption levels are given by

1 _

(2.16) c = E;, and C*2 = E

Its intertemporal budget constraint, expressed in terms of home

goods, 1is

2

. 1
E¥(1, p, 6, u*) + pI* (p, 6, q°) =

(2.17)
1 1 2 2 1 2
= Y*(p, q ) + 8Y*¥° (1, q°, I* (p, 6, q)),
whoere we have suppressed labor inputs and the date 1 capital stock.
Alternatively, the budget constraint can be written as equating the

foreign country's present-value expenditures on consumption to its

wealth, W*, where
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(2.18) R R I A

The foreign country's trade balances at dates 1 and 2 are

. ! 2 w2 _ s
(2.19) b*l= y*o - h; - pE; - nl* and b* Y [6’

which by (2.17) and the homogeneity of the expenditure function fulfill

(2.20) b L+ sb 2 = 0.

Finally, let us examine OPELC. We assume that OPEC exogenously
sets oll prices ql and q2 and suppliecs the gquantity of oil in each
period which will satisfy world (home and foreign) demand at the
announced oil prices. OPEC production of oil requires negligible
resources. No final goods production takes place in OPEC. All OPEC
consumption is confined to date 2. Denoting OPEC variables with an

"o" superscript, we can write OPEC's intertemporal budget constraint

as

o 1 ol 2 a2 o

(2.21) se T =g x +8gx T =W,

where CoZ is OPEC's consumption of final goods at date 2, and x°" and
xo2 are the outputs of OPEC oil at the two dates, which are equivalent
to the oil imports of the home and foreign countries at the two dates.
Hence, the present value of OPEC's consumption equals the present value

of its oil production, i.e. OPEC's wealth, we.
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OPLC's trade balances at the (wo dates are given by
(2.22) bol _ qlxol > 0 and b02 - q2X02 _ C02 <0,
which by (2.21) fulfill
(2.23) bol . 6b02

= 0.

3. World Equilibrium and 0il Prices Increases

In a world equilibrium, the o0il market and final goods markets
are in equilibrium at each date. The complete model is described by

equations (3.1)-(3.8):

E(1, p, 6, w + I'(1, &, q°) =
(3.1) 2 2 1 2
-yla, b + sv?(, 42, 1t s, 9%,
* * 1 2y
E(lapaésu)"’p:[ (P,(Saq)'
(3.2) 9 2
= Y*l(p, ql) + SY*Z(I, q”, I*l(p, 8§, 97)),
(3.3) dcoz = qlxo1 + dqzxoz,
(3.4) 211, qby + 2xlp, qb) = x°1,
2 2 1 2 2 y
(3.5) 2°(1, q°, I°(1, &, q9)) + 2*°(1, ¢%, 1*'(p, &, q9)) = x

(3.6) B+ er e 1= 1l oh,



(3.7) Ep + E; N LR X*l(P, ql), and
E, + gg v 02
(3.8)

2 2 1 2 2
= x“(1, ¢°, 171, 6, o2 + 21, &7, *Np, &, q2).

The model consists of the budygcet constraints, (3.1)-(3.3),
0il market equilibrium at dates 1 and 2, (3.4) and (3.5), market
equilibrium for date 1 home goods, (3.6), date 1 foreign goods, (3.7),
and date 2 final goods, (3.8).
. . 1 2 . .
For exogenous oil prices q and q , the eight equations (3.1)-

. . . o2 ol o2
(3.8) determine seven endogenous variables, u, u*, ¢ , x , X

r P
and §. By Walras' Law, one of the equations is redundant .  We
shall disregard (3.8), the market for date 2 final goods.

The solution to (3.1)-(3.8) can be substituted into (2.11), (2.19)
and (2.22) to determine the trade balances for each country. 1In

equilibrium, the date 1 trade balances will of course sum to zero.

FFor easy refercnce, we restate these trade balance s;ccifications:

bl = vl - B - pE) - 1!,
(3.9) bl = yxl _ E¥ - pEX - pI*,
bol = gLl Loy
(3.10) R

To calculate the effects of oil price increases, dqt > 0, on

welfare levels and trade balances with flexible wages and constant
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employment levels at each date, we first differentiate (3.1) and (3.2),
which after some manipulations gives the change in welfare levels

in the home country and in the foreign country

ol 2,2 I 2
(3.11) E du=-2dq - 8z'dq - cfdp + bh7dé and
u

2. 2 1 2
(3.12) EXdu* = - Z*ldq1 - 8§z*"dq + cfdp + b*7d¢
u

The expressions Eu and E: in (3.11) and {(3.12) are the partials of

the expenditure functions with respect to the welfare levels; they

equal the inverse of the marginal utilities of wealth and are positive.
Let us first look at the home country's change in welfare.

We see that the change in welfare, du, is proportional to the sum

of the present value of the static oil terms of trade effects,

-ztdqt, the static final goods term of trade effect, —c;dp, and

"
an intertemporal terms of trade effect, b"dé. An increase in

today's oil price has a direct negative effect on welfare. An in-
crease in future oil prices also reduces welfare. In addition, an
increase in present or future oil prices alters the relative price
of foreign goods and affects the interest rate. If foreign

goods prices should rise, the home country suffers a static terms-
of trade deterioration which reduces welfare. If the interest
rate should fall (dé > 0), the home country experiences a welfare
gain (loss) if it is a net borrower (lender) in date 1. Thus the
net impact con the home country's welfare depends in part on how oil

price increases affect foreign goods prices and interest
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rates and whether or not the country is a net borrower or lender
in date 1. We also see that the degree of substitutability in
production between oil, capital, and labor has no direct (first-order)
effect on the home country's welfare.

The expression for the foreign country's change in welfare
is analogous, except that the final goods terms of trade effect
is of opposite sign.

Differentiating (3.3) gives the change in OPEC's date 2 con-

sumption (and welfare)

2 2
(3.13) §dc®? = (XOldql + 5X02dq2) + (qldxo1 + 8q°dx°%) + p°%as

OPEC's change in welfare is proportional to the sum of the static
oil terms of trade effects and an intertemporal terms of trade
effect, although with signs opposite to the sum of those for

the home and foreign countries. 1In addition there is an oil

2

uantity effect, dxo1 + §8q dxoz, consisting of a change in the
q 8 8

present value of oil revenues due to the change in the home and
foreign countries' oil imports, evaluated at constant oil prices.
This oil quantity effect depends on the degree of substitutability
in production between o0il, capital, and labor, which hence direct-
ly influences the change in OPEC welfare. The static oil terms

of trade effects are positive, the intertemporal terms of trade
effect may be of any sign, and the oil quantity effects are likely

to be negative.
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Let us, somewhat loosely, speak of the sum of the left hand
sides of (3.11) - (3.13) as expressing the (wealth equivalent)

change in world welfare. It is given by

(3.14) Eudu + E:du* + Gdc02 = qldxol + dqzdxoz,

and consists of the oil quantity effect only. The terms of trade
effects are like transfers between the three countries, and they
cancel from the world point of view. Thus world welfare falls to
the extent that the present value of the home and foreign countries'
oil imports decrease when evaluated at constant oil prices.

To determine the effect of oil price increases on the trade

balances, we differentiate (3.9), which after some manipulations

yields
1 .
(3.15) db1 = - zldq - cédp - Cl(— zldq1 - ézqu2 - cédp + bzdd)
W
1
- (E, + pE - 5 -
1 1 1
(3.16) db* = - z* dq1 + cfdp - C*l(— z*ldq1 - dz*qu2 + Cédp + b*zdd)
W
. 1
— (E* + pE* — (E* * _ *
(E1p pEpp)dp (Eld + pEpd)dd pdI*”, and
(3.17) dbol - xoldql . q1dxol :

where the changes in investment are given by

(3.18) d1!l = I;dqz + I;dd and
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' I L2
(3.19)  di1* = a(? dq” + l;]dp + ngr]t\

s
and where C& is the home country's aggregate marginal propensity to consume
at date 1 (out of wealth), which is positive and less than one if
consumption is normal at both dates. The expressions Elp and Ep
are its Hicksian static substitution effects on date 1 consumption
of home and foreign goods given a change in the foreign goods
price, and E16 and Ep5 are the licksian intertemporal consumption
substitution effects, etc.

Let us first look at the change in the home country's trade
balance at date 1. There are six determinants of the trade balance

response. The first term on the right-hand side of (3.15) is a

direct oil terms of trade effect on date 1 GDP caused by an increase

in date 1 oil prices. An increase in today's oil prices has a
negative effect on date 1 GDP and thus worsens the trade balance.

The second term in (3.15) is the final goods terms of trade

effect; any increase in p causes a terms of trade deterioration at
home vis a vis the foreign oil importer and worsens the home country's
trade balance.

The third term is a consumption wealth effect caused by the change

in welfare that accompanies oil price increases. If the home country
suffers a welfare loss as a result of oil price increases, household
expenditures will fall. This drop in absorption improves the trade
balance. The bracketed expression in the second term is the wealth
equivalent of the change in the home country's welfare, given by

(3.11).
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The fourth term on the right-hand side of (3.15) represents a

date 1 final goods consumption substitution effect. 1If oil price in-

creases should raise foreign goods prices, households will

shift their expenditures away from foreign goods and toward home
goods. If own-substitution effects dominate cross—substitution
effects, then net expenditures will fall, improving the trade
balance.

The fifth term in (3.15) is an intertemporal consumption substitution

effect. An Increase in the discount factor boosts house-
hold absorption of date 1 goods and worsens the trade balance.

The last term consists of investment substitution effects.,

If the increase in oil prices lowers interest rates, invest-

ment demand 1s stimulated. This increase in absorption hurts

the trade balance. An increase in datc 2 oil prices also alters
the marginal profitability of investment. If capital and oil are
complements in date 2 production, an increase in future oil prices
will lower the marginal product of capital. This leads to a drop
in investment demand which improves the trade balance.

It is readily seen from (3.16) that the same six determinants
affect the foreign country's date 1 trade balance. There are two
important differences in the direction of effect, however. First,
any increase in p causes a final goods terms of trade gain for the
foreign country (c; dp > 0) while causing a loss for the home
country. Second, an increase in p also has an effect on investment

behavior in the foreign country that is absent in the home country.
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This latter difference appears because the two countries use country-
specific capital, and it would disappear if the two countries employed

the same capital goods in date 2.

Let us now study the endogenous changes in the
discount factor and the price of foreign goods caused by oil
price increases. Differentiating (3.6) and (3.7), making use

of (3.11) and (3.12) and manipulating, we get

d d dsl s
(3.20y | M6 he

i

dfd dfp dp s

where on the left hand side d is the partial of the world excess

hé
demand for home goods with respect to the discount factor, dhp is the
partial with respect to the price of foreign goods, and df6 and

dfp denote the corresponding partials of the world excess demand

for foreign goods. On the right hand side, 5, is the change in the
1

world excess supply of home goods following the o0il price increase,
given constant discount factor and price of foreign goods, and S¢
is the corresponding change in the world excess supply of foreign

goods. The partials in (3.20) are given by the somewhat cumbersome

yet easily interpreted expressions
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dhd = }16 + LTG lé c‘lwb2 ci&b*z > (0,
hp - L1p * ET * (Cﬁ$ Ciw)cé > 0,
des = Bps * ESs ¥ I§1 * Céwbz * C?éb*z > 0,
(3.21) dfp - Epp * E;p * Igl - Xgl * (C;é - Céw)cé <0,
Sy, = xclldq1 - I(lldq2 + c;w(zldq1 + dzquz)
+ cﬁé(z*]dql + 62*2dq2) > 0, and
s¢g = ledq1 - Igldq2 + céw(zldql + 622dq2)

1 1,1 2,2
+ c?w(z* dq” + 8z*"dq”) >0,

1 1 . L
where Chw and Ceyy aTe the home country's marginal propensities to

consume home and foreign goods out of wealth at date 1.

3

We assume gross substitutability, which is sufficient for stability.
We also assume that oil price increases lead to excess supply (at
constant discount factor and foreign goods price) of both home and
foreign goods. The latter assumption holds if the negative substitu-
. 1.1 «1, 1 .
tion effects on output, quq and xq dq~, are dominated by the other

effects, which are all positive.

The solution to (3.,20) 1is

(3.22) ds = ( s_)/A > 0 and

. s = g
(fpsh dhp f

- 4+ + + -

(3.23) dp = (dhés - dfdsh)/A < 0,

f

+ 4+ + + -
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where A is the determinant

(3.24) A= < 0.

d, .d - d, d
hé fp hp f¢é
+ - + 4+
The discount factor unambiguously increases in response to oil
price increases. This response occurs regardless of whether the oil

L

price incrcasc s temporary (dq~ -~ 0, dq° = ), permancnt (dq], dq” 0,

or expected to occur in the future (dq1 = 0, dq2 > 0).

The intuitive cxplanation is straightforward. At a constant discount
factor and price of foreign goods, the excess supply of both home

and foreign goods at date 1 brought about by higher oil prices
implies by Walras' Law an excess demand for final goods at date 2.

Hence the price of final goods at date 2, the discount factor, must

rise. Put differently, excess supply of both home and foreign goods

at date 1 implies excess saving at date 1, which bids down the interest
rate.
The change in the price of foreiyn goods is in general of ambiquous

sign. By rewriting (3.23) we get

(3.25)  dp = (= - 3=)d ¢ s, /b.

It follows that the sign of the price change is given by

d s
(3.26) sign dp = sign (H£§ —-—£).
hé  °h

This expression can be nicely interpreted. The ratio (dfd/dhd)
gives the relative world excess demand for foreign goods from the

change in the discount factor, at constant foreign goods prices.



24

Thé ratio (Sf/sh) gives the relative world excess supply of foreign
goods from the oil price increases, at constant discount factor and
foreign goods price. If this relative world excess demand for
foreign goods exceeds this relative world excess supply, the price of

foreign goods must rise.

4. Differences in structure, the price of foreign goods, and

the relative trade balance response

Clearly, if the home and foreign countries are alike in every
respect, there will be no change in the foreign goods price, and the
two oil importers will have identical trade balance responses to
exogenous oil priceincreases. 1In this section we look at how
structural differences between the home and foreign countries
influence the foreign goods price response to oil price increases.

We also examine how structural asymmetries can account for differences
in the relative trade balance response.

A number of structural asymmetries can be examined in order
to assess their impact on the final goods terms of trade (p) when
there are oil price increases. We choose to focus on five which are
widely thought to be important and/or which are amenable to future
empirical testing. The five structural characteristics are (1) the
degree of o0il dependence, (2) the net creditor or debtor position,

(3) the marginal propensity to save, (4) the employment response,
and (5) the degree of substitutability in production. We shall
examine the implications of each structural asymmetry in turn.

Our method will be to assume that the home and foreign countries

are identical except 1in one respect at a time, Let the initial



situation be one where the relative price of foreign goods equals

unity,

(4.1) p=1.

We start by assuming that the home and foreign countries have the
same bias towards their own good, in the sense that their
marginal propensities to consume home and foreign goods at date 1

fulfill

L
cr =

hW

L, 1 _ L1

* *
wa > C Chw.

(4.2) W

It follows from (4.1) and (4.2) that their aggregate propensities

to consume at date 1 are the same,
11 1 *] *x1 %]
(4:3) Cg = cpy* Coy = ey oy = Gy

4.1 The degree of oil _dependence

The conventional view is that oil price increases cause larger

trade balance deteriorations in those economies that are
dependent on oil imports. This view has been challenged

by Sachs (1981), who argues that differential dependence

imports has little effect on relative trade positions if

heavily
recently
on oil

the oil

price shock is perceived as permanent, but does matter if the shock

1s temporary.

The analysis below suggests that the degree of oil

dependence does influence the trade-balance response to all types

of oil price increases, whether temporary, permanent or future, but

that oil dependence is just part of the story.
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Suppose that the home country is more oil dependent in each

period than the foreign country, in the sense that

(4.4) zt > z*t for t =1, 2.

The two countries are alike in all other relevant respects.

is, we assume that

1
= [ % = EX* =
Eis “Bpsr Fps T Els> Ls
(4.5)
1l o= ol
a q

That

= x*" and

1t follows from (3.21) and (4.2) - (4.5) that

(4.6) dfé = dhé >0 and
s, — s, = (c1 -
h of nW
Hence,
d S s
(4.7) Eﬁg - Lt £,
hs  °h *h

9
céw)[(z1 - z*l)dq1 + 8(z° - Z*Z)qu] > 0.

and from (3.26) it follows that the foreign goods price rises.

The country with the higher degree of o0il dependence suffers a final

goods terms-of-trade deterioration.

forward.

a greater welfare loss when oil prices rise.

the drop in
for foreign goods.

results put upward pressure on p.

The intuitive reason is straight-

The country with the higher degree of oil dependence faces

Consequently at date 1

demand for home goods is greater than the drop in demand

The relative excess supply of home goods that
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To examine the relative trade balance response to oil price
incrcases when there 1s an asymmetry in oil dependence, we combine

(3.15), (3.16), (4.1), (4.3) and (4.5) in order to write

*
(4.8) db' - db L= = (2l - a#lygq!

)

- Cé[- (21 - z*l)dql - 6(22 - z*z)dqz]
(+) (+)

- 1 - Cé)Zc; dp + pI;ldp.
(+) +) (=) (#

Since the home country is more oil dependent, it faces a highor
value of oil imports when oil prices increase. This causes a negative
direct effect on the relative trade balance, represented by the first
term on the right hand side of (4.8). But the home country also
experiences a greater welfare loss when oil prices rise and hence a
greater drop in absorption. This causes a positive consumption wealth
effect on the relative trade balance, represented by the second term
on the right hand side of (4.8). The net of these two effects is
ambiguous.

Consider for a moment the effect of a temporary oil price
increase. This disturbance has a negative direct effect on the relative
trade balance and a smaller positive consumption wealth effect. Hence
the temporary oil price increase worsens the relative trade balance
for constant p.

A futurec oil price increase has only a positive consumption wealth
effect and hence improves the relative trade balance for constant p. Finally,
a permanent oil price increase has both a negative direct effect and a
positive consumption wealth effect, with an ambiguous impact on the

relative trade balance for constant p.



Now suppose that oil imports and oil price increases are the same

in both periods for each country, but oil imports still differ across

countries. That is,

(4.9) z1 = z2 = z, z"‘1 = z"‘2 = z¥, dq = dq2 = dq, and z > z*.

Substituting (4.9) into (4.8) we see that at constant p the relative

trade balance response to permanent oil price increases 1is

(4.10) db1 - db*1 = (C& - C;)(z - 2¥)8dq

where C; = (1 - C&)/é. If the home country's aggregate marginal
1 2

propensity to consume is the same at both dates, i.e. Cw = Cw,
then permanent o0il price increases will have no effect on relative
trade positions, regardless of the asymmetry in o0il dependence. This
is Sachs' (1981) story. But as soon as we relax the restrictive
assumptions in (4.9) and as soon as we allow for the endogenous
change in the foreign goods price, this strong result fails to hold.
Returning to (4.8), we see that the increase in the foreign
goods price generated by higher oil prices has three additional effects
on the relative trade balance. It has a negative direct effect, a
smaller positive consumption wealth effect (both represented by the
third term on the right hand side of (4.8)) and a negative investment
effect. The latter cffect is duc to the country-specific capital
used at home and abroad; an increase in p raises the cost of invest-
ment goods in the foreign country and hence reduces foreign absorption

at the first date. This investment effect worsens the relative trade

balance; however, it would disappear if both countries used the same

capital goods in production.
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We conclude that temporary and permanent oil price increases
which worsen importers' trade balances will have graver consequences
for the relatively oil-dependent importers.

0f course, o0il importers are apt to differ in a number of
structural characteristics which influence p, so the correlation
between 0il dependence and the relative trade balance response is

likely to be missed unless these other asymmetries are also taken

into account.

4.2 The net crediter or debtor position

Now suppose the two oil importers are similar in all relevant

respects except for their net lending positions. Specifically, we

assume

1 1

(4.11) b~ > b*

which by (2.12) and (2.20) implies

(4.12) b2 < b*2,

It follows that

(4.13) th < de and Sy, = Sg

From (3.26) and (4.13) it follows that the foreign goods price increases.

The home country, with the larger net creditor position or smaller
net debtor position in date 1, faces an additional final goods terms
of trade deterioration in response to oil price increases.

The rationale is intuitive. O0il price increases raise the

discount factor, and the drop in the real interest rate causes a
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larger welfare loss for the home country with its larger net creditor
position in date 1. It experiences the greater negative consumption
wealth effect, so on net there will be a greater excess supply of home
goods relative to foreign goods in date 1. This puts upward pressure
on p.

The relative trade balance response is given by

(4.16) ab' - ab* = —cle? - b¥Pas - (- chyze dp + plgldp.

=) (+) () )

Since the endogenous increasc in the discount factor causes a
larger welfare loss for the home country in date 1, it has a positive
consumption wealth effect on the relative trade balance, represented by
the first term on the right hand side of (4.14). The cndogenous
increase in the foreign goods price, i.c. the deterioration of the home
country's final goods terms of trade, has a negative direct ecffect on
the relative trade balance and a smaller positive consumption wealth
effect, both of which are represented by the second term in (4.14)’
and a negative investment effect. Hence when
two o0il importers are identical in all relevant respects except for
their net lending positions, the relative trade balance response to

0il price increases cannot be determined without knowledge of specific

parameter values.

4.3 The marginal propensity to save

Suppose that at date 1 the home country has a smaller marginal
propensity to save, and hence a large propensity to consume, than the

foreign country. Assume that the two countries still have the same
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relative bias in consumption towards thelr own good. We reproesent

these assumptions by

1 1 1 1

= 1 1 * = * =
(4.15) C; = aC, with 0 < a < 1, and Cty " %Shw > Chw fu
Let the countries be alike in all other relevant aspects. It follows
that
G.16) d . -d. = (1 - (e, -ct)b? >0 and
' hé fé hW fw
1 1 1,1 5 Zd 2) 0
- = - - + >
Sh S¢ (1 a)(chw cfw)(z dq z dq s
. 1 1 .
since ¢, > Cew’ From (3.26) and (4.16), it follows that the effect

on the foreign goods price is ambiguous.

The effect of a temporary oil price increase on the foreign goods

price can be determined, however. Let s and s represent the change

hl f1

in world excess supply of home goods and foreign goods, respectively,

given an increase in date 1 oil price alone, where from (3.21) we can

write
_ 11, 1,11
(4.17) Sh1 (x~ + Chw? + Crw? )dq” > O and
1 1 1 1 ,1 1
= * *1 %
Se1 (xq *epg 2t ch? )dq~ > 0.

Then from (3.26) it follows, with some manipulation, that

(4.18) sign dp = sign (dfdshl - dhésfl)

sign (cr
gn h

1 ‘
v Cp) (- OlE +E

(+) (+) (+)

pé

1, 1 1, 2
+ I(S)Z qu ] >0

(=) (+)

)
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i.e.,‘the foreign goods price increases. The home country, with the
smaller marginal propensity to save, faces a final goods terms of
trade deterioration when there is a temporary oil price increase.
This is because for a given loss in welfare caused by the oil price
increase, the drop in demand for home goods will exceed the drop in
demand for foreign goods. The relative excess supply of home goods
that results puts upward pressure on the foreign goods price.

The effect of a future oil price increase on the foreign goods

oyt

price is indeterminate. As before, if the home country has the smaller
marginal propensity to save at date 1, a given welfare loss will cause

a drop in demand for home goods that exceeds the drop in demand for

foreign goods. This tends to put upward pressure on p. However, the
expected increase in future oil prices also reduces investment demand
for date 1 goods, releasing more of them for date 1 consumption. With
the smaller marginal propensity to save, the home country will
experience the smaller excess supply of domestic goods when investment
demand is curtailed. This puts downward pressure on p. Only if this
investment effect is dominated can we say the oil importer with the
smaller marginal propensity to save date 1 goods will suffer a final
goods terms of trade loss when there are future oil price increases
or current oil price increases of a permanent nature.

When the two oil importers differ only in their marginal propen-
sities to save at date 1, the relative trade balance response is given

by

(46.19) dbl - db*! = - (cé - c;l)(- 2taqt - s2%daq) - () - Cal)bzdé

(+) (+) (+)
- (c, + cxl - 2)(- cg)dp + plgldp.
(=) (+/-)  (=X+/=)
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01l price increases have a direct negative effect on welfare
(- zldq1 - Gzqu2 < 0) in both countries. Since the home country
has the smaller marginal propensity to save, it will respond with a
greater cut in absorption and this will have a positive effect on the
relative trade balance, represented by the first term on the right
hand side of (4.19). The endogenous increase in the discount factor
will have a positive effect on welfare in both countries since both
have the same trade deficit in date 1. But the home country, with
its larger marginal propensity to consume, will respond with a
greater increase in absorption, and this will have a negative effect
on the relative trade balance, represented by the second term in
(4.19). 1If the net welfare effect is negative, oil price increases will
have a positive effect on the relative trade balance for constant p.
Since the change in the foreign goods price can be in either direction,
we cannot determine its effect on the relative trade balance. Con-
sequently, when two oil importers are alike in all relevant respects
except for their marginal propensities to save, we cannot calculate

the relative trade balance response to oil price increases without

knowing specific parameter values.

4.4 The employment response

So far we have assumed flexible wages and full employment at each
date in the home and foreign countries. In this section we shall
examine the consequences of rigid wages and variable employment at
the first date in the home country. We maintain the assumption of
flexible wages and full employment at the first date in the foreign

country, and in both countries at the second date.
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"Let us now look at employment in the home country at date 1.
First, suppose that the wage is fixed in terms of home goods at the
first date, i.e., wages are indexed to the GDP deflator. The level
of employment is then given by the condition that the demand price

for labor, Yi

1, kl), is defined by

, equals the wage. Hence, the date 1 employment function,
1,1
L (w’, q

1 1

1 1 1,1 1
Qk’L(W’q’k))ZW,

(4.20) Yi(l, q

where w is the wage in terms of date 1 home goods.

Differentiating (4.20), we get the derivatives

1 _ 1 1 1 1
Lw = 1/Yu < 0, Lq = YR /YM < 0, and
(4.21)
1 1
Ly = Yor/Yeq > 0o

where the second order derivative YEQ 1s negative by the concavity

of the GDP function. Hence employment at date 1 is always a decreasing
function of the real wage, a decreasing function of the oil price at
date 1 by the assumption of complementarity between o0il and labor,

and an increasing function of the capital stock by the assumption of
complementary between capital and labor. With real wages fixed in
terms of home goods at date 1, the change in the home country's date 1
employment level in response to an oil price increase will hence be

given by

(6.22) dal = L;dql <0,

i.e. employment at date 1 decreases.



With the endogenous change in the home country's employment given

by (4.22), its welfare change in (3.11) is modified to

(4.23) E du - Wb agl - 2lag! - s22dq? - c%dp + b2d6

where dll is given by (4.22). The change in welfare now includes a

1

negative employment effect, wldl » the change in GDP due to the change

in employment.

The change in the home country's trade balance is modified from

(3.15) to

(4.24) db1 = wldIL1 - zldq1 - c%

dp - C;(wldﬂl - zldq1 - Gzqu2 - cédp + bzdd)

1
- (E, +pE )dp - + pE )dé - dI".
1p Ppp’ P ( P¥ps

Eld

The changes in excess supplies of home and foreign goods are now

given by
.11 1,1 1,2 1, 1,1 1,1 2.2
(4.25) Sy, = xldl + quq quq + chw( wdl + z dq + 8z"dq")
# % *
+ ccl(zcldq1 + Gzcquz), and
hW
L1 %2 b, 1.1 1.1 2.2
S¢ = xq dq Iq dq” + cfw( w di® + z dq + 8z7dq")

+ c%%(Z*ldql + Gz*quz).

Assuming that the home and foreign countries are alike in all

relevant aspects except for the employment response, we have

(4.26) d, ¢ = deg > 0 and
s, — s, = [x1 - (c1 - c1 wl]dl1 <0
h f L hw fv\? ’
1
since x, - w1 = x1 - Y1 = qlz1 >0, 0« c1 - c1 <1, and d2 < O.
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By (3.23) and (4.26) we can write

(4.27) dp = dhd(sf

(+) () ()

- sh)/A < 0,

which says that the foreign goods price falls.

Since oil price increases cause a drop in the home country's
employment level at date 1, there is a greater drop in the production
of home goods relative to the production of foreign goods. The
relative excess supply of foreign goods which results puts downward
pressure on p. Consequently, the oil importer with rigid real wages
experiences a final goods terms of trade gain when there are oil price
increases. This effect is counter to the negative employment effect.
Which effects dominates depends, of course, on the specific parameters.

The relative trade balance will be given by

(4.28) dbl - db*! = (1 - cp vlart - a - C)2epdp + pI*lap
(+) =) (+) =) (=) ()
where (4.28) is the difference between (4.24) and (3.16).

When wages are rigid in the home country, oil price increases
reduce employment and cause a bigger drop in home GDP relative to
foreign GDP. This causes a negative direct plus consumption-wealth
effect on the relative trade balance, represented by the first term
on the right hand side of (4.28). The improvement in the home country's
final goods terms of trade causes a positive direct plus consumption-—
wealth effect on the relative trade balance, given by the second term
in (4.28), and a positive investment effect. Consequently there is no

direct correlation between the degree of wage rigidity and the response

of the relative trade balance to oil price increases.
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Consider next a case where the date 1 wage in the home country
is fixed in terms of a consumer price index (CPI) rather than in
home goods. Let wl denocte this given real wage, in terms of the
CPI. Let the price index nl(l, p) denote the date 1 CPI, in terms

of home goods. It is a function of the price of home goods (normalized to

unity) and the price of foreign goods (p). Then the wage in
terms of home goods will be a function, wl(l, P, wl), defined by

(4.29) wl(l, P, wl) = wl(l, p)wl.

It has the obvious properties

w o= nlm > 0 and
p

(4.30)

The wage in terms of home goods is an increasing function of the price

of foreign goods and the CPI wage rate.
In this case, the home country's employment level at date 1 will

1, kl), i.e. by substituting the

simply be given by Ll(wl(l, Ps wl), q
wage function (4.29) into the employment function defined in (4.20).

It follows that the change in employment will be given by

1 1.1 . 11, 5
(4.31) deo = quq + wapdp < 0.

(-) (=) ()

In addition to the direct effect of an oil price increase, there is
now an effect through the change in the wage rate. Should the foreign

price fall, the wage in home goods falls, and this increases employment.
Hence, the overall effect of an o0il price increase on employment
is now ambiguous.

By the same argument as above it can indeed be shown that the

foreign goods price does unambiguously fall. (dQ1 in (4.25) and (4.26)
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is simply replaced by L;dql.) If then the overall change in employment
1s positive, we see that both the employment effect and the final
goods terms of trade effects on home welfare are positive in (4.23).
Also, the relative trade balance in (4.28) is unambiguously positive.
Does it follow that it is always better for the home country to
have the wage fixed in terms of a CPI rather than in home goods? No,
since with wages fixed according to a CPI, the supply of home goods
is more elastic with respect to the price of foreign goods. Hence
the fall in the foreign goods price is smaller with given CPI wages
than with given home goods wages. Thus the final goods terms of trade
gain is smaller with CPI wages, although the employment effect is

less negative or even positive.

4.5 The degree of substitution

Suppose that the two oil importers are identical in every relevant
respect except for the degree of substitutability in production between
oil and domestic capital and labor. We assume that the home country has
less such substitutability at date 1 so that it experiences a smaller
absolute response in the full employment level of output of home

goods to an oil price increase. That is, we assume

(4.32) x*1 < x1 < 0,
q q

10

recalling that both responses are negative.

It follows that

(4.33) dfé = dhé > 0 and

1 1 1
s, — s, = (x - x¥)d > 0.
( q q 44
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By (3.23) and (4.33) we can write

(4.34) dp = - sh)/A > 0,

dps (¢
+ =) )

which says that the foreign goods price increases. With a given level
of employment and capital stock utilization in each country at date 1,
the home country, with the smaller degree of substitutability in oil,
faces a smaller decline in production at date 1. The relative excess
supply of home goods that results puts upward pressure on p. Hence,
the country with less substitutability in production suffers a final

goods terms of trade loss.,

The relative trade balance response is

(4.35) db1 - db*l = - 2(1 - Ci)cidp + plgldp < 0.

(+) (+) (=X(+)

The deterioration in the home country's final goods terms of trade
has a negative direct plus consumption-wealth effect on the relative
trade balance, represented by the first term on the right hand side of
(4.35), and a negative investment effect. Hence oil price increases
worsen the relative trade balance response; the oil importer with the
smaller degree éf substitutability in oil suffers a greater negative

effect on its trade balance.

5. Conclusion
This paper represents the first attempt in the literature to
construct an explicitly intertemporal three-country model in order

. . . . [
to analyze the effects of oil price increases on countries' welfare
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-levels and relative trade balance positions. The model uses aggregates
which are consistent with maximizing behavior and yields a rich array
of analytically tractable results.

For instance, the determinants of changes in welfare levels
and of changes in trade balance positions when there are oil price
increases are readily isolated. Changes in output levels, oil
imports, investment, employment, wages, saving and consumption can
also be calculated for individual oil importing countries. The
three-country world equilibrium model also takes account of the
feedback effects of higher o0il prices on the world interest rate and
the final goods terms of trade between oil importers (the real exchange
rate).

One important finding is that structural asymmetries between
0il importers cause o0il price increases to alter the final goods
terms of trade in systemmatic ways, and these movements in the final
goods terms of trade play a crucial role in determining an oil
importer's relative trade balance position in the face of oil price
increases. Despite some recent thought to the contrary, the degree
of 0il dependence does influence a country's relative trade balance
position. So does a country's degree of substitutability in oil.
Other structural characteristics, such as a country's relative
international lending position, its relative marginal propensity to
save, and ifs degree of wage flexibility in the short run also
alter the final goods terms of trade in predictable ways and influence
an o0il importer's relative trade balance position.

In short, the model presented here allows us to analyze some
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"important general equilibrium interrelationships in detail and to
study the differential macroeconomic adjustment of oil importers

to oil price increases.
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Footnotes

* We are grateful to the semi) ar participants at the NBER Summer
Institute in International Economics, and at the Institute for Inter-
national Economic Studies, University of Stockholm for their helpful
comments. We especially want to thank Torsten Persson and Michael
Schmid, who have contributed specific comments, some of which have
been incorporated. We of course retain sole responsibility for

remaining errors.

1. For partial equilibrium analyses of effects of oil price increases
that emphasize intertemporal aspects, see Bruno (1981), Marion (1981),
Obstfeld (1980), Sachs (1981), and Svensson (1981). Dixit (1981) presents
a very neat intertemporal general equilibrium model of trade in goods,
capital, and oil, but concentrates on other issues than those of the

present paper.

2. The assumption of a common final good at date 2 greatly simplifies
the analysis and makes possible intuitive explanations of the results
to follow. It is also warranted since we are mainly interested in

the date 1 final goods price and relative trade balance responses.
Precise conditions on the countries' preferences and/or technologies
can also be found under which home and foreign goods at date 2 could
be rigorously aggregated into one aggregate final good at date 2.

See Svensson and Razin (1981) and Svensson (1981) for such analyses

applied to the study of trade balance responses.

3. What is necessary for the results below is the reasonable assumption
that OPEC's marginal propensity to consume at the first date is smaller

than that of the home and foreign countries. Assuming that there is
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zero OPEC consumption at the first date however greatly simplifies

the analysis.

For the implications of an endogenous OPEC policy that maximizes
OPEC welfare, or of an OPEC policy which sets oil prices at each date

in terms of date 2 final goods, see Marion and Svensson (1981, in progress).

5. The GDP function is also called the value-added, the restricted
profit, the variable profit, the GNP, or the revenue function. A compre-—
hensive reference is Bruno (1978) or Diewert (1974). See Varian (1978)
for a micro-textbook using this and similar dual functions, and Bruno
(1973), Chipman (1972), Dixit and Norman (1980), Khang (1971), and

Woodland (1981) for their use in international trade theory.

6. Note that complements in this sense is not a very restrictive
assumption. This definition of complements/substitutes is different
from the ones usually employed in the literature. Complements/
substitutes are mostly defined, in analogy with the definition of Hicksian
complements/substitutes in consumption, from the sign of the partial
of the demand for a factor with respect to the price of another factor,
at constant output level. See Berndt and Wood (1979) for a thorough
discussion of such Hicksian complementarity/substitutability between
oil and other factors. Factors can be Hicksian substitutes and yet
complements in our sense. This is indeed the case with the specific
separable technologies discussed by Berndt and Wood, when

x = f(g(k, e), h(&, m)), £(), g(+) and h(+) are linearly homogenous,

e is energy input, and m is input of non-energy materials.
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A frequently assumed technology is one that is weakly separable in
0oil and a capital-labor composite factor. Then we have x = f(v(k, %), z),
where £(+) and v(+) are linearly homogenous. It is readily checked that
for these technologies, capital, labor and oil are complements in our

sense.

7. See Deaton and Mucllbauer (1980), Diewert (1974), Dixit and Norman
(1980), Varian (1978), or Woodland (1981) for properties and uses of the

expenditure function.

8. The assumption of gross substitutability implies that dhp >0
and dfp < 0, that is, an increase in the price of foreign goods raises

the world excess demand for home goods and reduces the world excess

demand for foreign goods. Similarly, it implies dhé > 0 and df6 > 0.

9. By standard properties of a price index, pn;/nl equals the share

of final goods in date 1 consumption expenditurc.

10. Assume that date 1 production of home goods is separable ‘betwcen

an aggregate of domestic capital and labor, v(k, £), and oil input, =z.

That is, the production function fulfiils x = f(k, &, z) = g(v(k, 2), z).
Note that if g(+) and v(+) are constant returns te scale, so is f(s).

In particular, with this technology, frequently assumed in the literature,
capital, labor and oil are all complements in the sense of having positive

cross partials.,

With full employment of labor, only x and z vary. By standard

~ -~

results we have x =62 and z =

PN

~
~ Y& where x denotes the rate of change

dx/x, etc., 6 is the cost share of oil in the value of output of home

goods, and y (defined positive) is the elasticity of demand for oil
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with respect to the relative oil price. Furthermore, Yy equals o/(1 - 8),
where o is the elasticity of substitution between oil and the domestic
aggregate factor v. Hence, we have ; = - [8/(1 - 6)]0&, and it follows
that for a given oil price increase and a given output level, the
absolute response in output is smaller the smaller the elasticity of

substitution.
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