%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/




Intermediate Inputs and International Trade:
L An Analysis of the Real and Monetary
Aspects of an 0il Price Shock

By

Slobodan Djajic
Queen's University
June 1980

Discussion Paper No. 394




ABSTRACT

This paper analyses the real and monetary effects of an increase in

the price of a traded intermediate input. On the production side, the model

differs from other work on the subject in that our economy prdduces the in-

termediate input and also traded and non-traded final goods. On the asset
side, titles representing ownership of the specific factor which is used in
the production of the intermediate input, are explicitly introduced into
portfolios. The analysis mainly focuses on the effects of an increase in
the price of the intermediate input on the distribution of income, relative
prices, production levels, the balance of trade and the level of, as well as

the rates of change in, nominal prices and the exchange rate.




Introduction

The succession of increases in the price of oil relative to that of other
traded goods over the last decade, has had a drastic effect on both oil import-
ing and oil exporting countries. In the theoretical 11terature,] most of the
attention has been focused on the question relating to the proper use of macro
policy instruments in order to minimize the short-run unemployment and/or infla-
tion effects that are associated with an oil price shock. With the exception of
Rodriguez (1977), and more recently Bruno and Sachs (1979), these models assume
that no oil production takes place in the country under anaiysis, hence all of
the intermediate input is imported. The number of countries producing signifi-
cant quantities of 0il has been increasing over the last few years, while at the
same time the effects of OPEC price changes have differed substantially from
country to country. This indicates a need for a model that can track the develop-
ments in an economy following an oil price increase regardless of the level of
0il production or whether the country is an importer or an exporter of oil.

The present paper complements the work of Rodriguez (1977) and Bruno and
Sachs (1979) by developing such a model and focusing on the distinction between
the real and monetary effects of an o0il price change. On the real side, the
analysis is based on the Heckscher-Ohlin approach, extended to include a third
sector that produces the intermediate 1nput. The monetary side of the model
draws on the portfolio-balance approach'to the problem of exchange rate deter-
mination. Al11 of the markets are assumed to be continuously in equilibrium,
thus the emphasis is not on unemployment effects, but instead on the effects of

an 0il price increase on relative prices, distribution of income, production

changes, the balance of trade and the level of, as well as the rates of change

in, nominal prices and the exchange rate.




Section I develops the production structure of the model which consists
of three sectors. One sector produces the traded intermediate input and the
other two produce traded and non-traded consumption goods. In the sector that
produces the intermediate input, land, rich in resources, is combined with a
bundle of other non-traded primary factors, referred to as labor, in the process
of producing oil. 0il can be traded at world prices in exchange for a traded
consumption good and/or it can be used as an input, along with labor, in the
production of traded and non-traded consumption goods.2

Assuming that oil and labor are the only two inputs used in the production
of final goods, we show that the relative price of traded in terms of non-traded
consumption goods, or what is often called the real exchange rate, is solely de-
termined by production technology in the two sectors and the world price of oil
in terms of traded consumption goods. Using this relationship between technology,
the price of 0il, and the real exchange rate, we analyse the effect of an increase
in the price of oil in terms of traded consumption goods on production activity
in the three sectors, trade in o0il, relative prices, rewards to the non-traded
factors of production and real income.

We observe that by trading in the world market a final product for a fac-

tor of production, in effect the country is able to exchange one factor of pro-

duction for another. The terms of trade in factors is determined by the tech-

nology of production in the sector producing the traded consumption good and the

relative price of oil in terms of that same good. Throughout this section it is

assumed that trade is continuously balanced and that income is equal to absorption.
In Sectiop IT we analyse the asset side of the model and the influence

of asset accumulation on demand for consumption goods. Residents are assumed




to hold domestic currency, titles representing ownership of oil producing land,

and either positive or negative quantities of a traded interest bearing asset

which is denominated in terms of foreign currency.3 Aggregate demand, consist-

ing of demand for traded and non-traded consumption goods, is an increasing
function of real income and the real stock of assets. Changes in the relative
price of oil will affect aggregate demand through both of these channels, and
in general, result in a change in income relative to absorption. This in turn
is reflected in the trade account and changes in asset stocks that move the
economy along the adjustment path to the steady state.

Along this path, we find a direct relationship between the magnitude and
direction of a country's trade in oil, and the effect of an 0il price increase
on its balance of trade and the exchange rate. Furthermore, as the economy ad-
justs to the oil price shock, it will experience a rate of inflation and cur-
rency depreciation which is greater or less than the rate of growth in its
money supply, depending on whether the oil price increase has created a deficit
or a surplus in its balance of trade. Our dynamic analysis is based on the as-
sumption that asset holders have perfect foresight and that changes in OPEC
pricing policy are unanticipated. At the end of this section we briefly discuss
the effects of monetary and fiscal policy. Finally, Section III states some

conclusions and suggestions for further research.




I. The Three-Sector Production Structure

In the "Input Tier", 0il, R, ds produced according to a linear homoge-
neous production function, by using a given amount of oil rich land, L, and
variable amounts of a homogeneous bundle of non-traded primary factors, N. We
shall refer to N as labor, for short. Using the subscripts, :r, t, and q,
to indicate that the subscripted variable pertains to sectors R, T and Q, re-
spectively, we can write the production function for 0il in its intensive form

as

(1) where 2= L/N_

As usual, we assume that the production functions in all three sectors are char-
acterized by positive but diminishing marginal physical products of each factor,
and that increased utilization of one factor raises the marginal product of the
other. |

In the "Qutput Tier", both traded, T, and non-traded consumption good,
Q, are produced under constant returns to scale by using oil, R,. and labor, N.

The two production relationships can be written in their intensive forms as

(nt), where Ny Nt/Rt

= . ; R:..
ng(nq) where nq Nq/ q

Labor is fully employed and its supply is fixed at N, thus

(4) Nr + N, +N_ =N

t q

while the supply of o0il to the economy is.not predetermined. eAssuming_that our

economy has no ﬁonopo1y power 1in frade, TA eén.be exchanged for R in the world




market at fixed terms of trade. The exogenously given relative price of o0il in
terms of T s denoted by p. Net exports of oil, ﬁ, which may be 2 0, are

defined as

R=R- Rt - Rq'

Although the model allows for R 2 0, we assume that at least some of
both T and Q is produced domestically, hence Rt >0 and Rq > 0. Assuming
also that labor is perfectly mobile among the three sectors, that oil can be
costlessly allocated between the two consumption goods sectors, and that competi-

tion prevails in all markets, factor rewards are determined as follows:

w

f(nt) - ntf'(nt)

g(ng) - ngg'(ng)

where e 1is the relative price of T in terms of Q, and w 1is the real wage
in terms of T. Equations (5) - (7) state that for each of the sectors, T, Q,
and R, respectively, the marginal productivity of labor, eva]dated in terms of

T, must be equal to w. Similarly, equations (8) and (9) state that oil will

be used in the production of T and Q up to the point where the value of the

marginal product of oil is equal to its price.

Equations (5) - (9) can be used to solve for w, e, Nis nq, and Qr as

a function of p. Having solved for L and given L, we can find the level

of employment in the input tier, Nr = E]zr, and thus also the level of oil out-




put, R. Since N 1is given, the total labor supply available to the output tier
is N - Nr’ while domestic oil output is R. We thus have the dimensions of an
Edgeworth Box.for the output tier under autarky. With trade, as we shall see,
the dimensions of that box, or the amount of oil aVai]ab1e to the output tier,‘
will in general be altered. The dimensions will change in such a way that out-
put of non-traded goods is equal to the demand for them, while the output of T
exceeds domestic demand for T by an amount equal to net exports, $,
which may be positive or negat%ve.

Let us now proceed to solve for some of the relationships that arise from

our model. From equations (5) and (6), we have w = f'(nt) and e = g'(nq)/f'(nt).

Using these two equations in (7) and (9), we can write (7) - (9) as
(7') olh(e,.) - 2.h' (2,
(8)  f(ny) - nif'(ny) = p
(9") f(nlalng) - ngg'(ng)] = eg'(ng)

Differentiating this system of equations and writing it in matrix form,

we have

) f(n [ (w/o)do

s

r t)

-ntf'(nt) dp

f*(ngdeo  -g"(ng)lwng + o]

—

Solving the system, we obtain




1

T "
G)Rntpgrh (Qr)

-1
>0

ntf"(nt)

0
>0

n,g"(n Yol

t 9’ "R

where O; denotes the distributive share of factor X in industry Y. Our

results show that an increase in the price of o0il in terms of traded goods in-
creases the labor intensity of all three sectors. This would be the expected
outcome if the relative price of oil in terms of labor, p/w, were to rise along
with p. One can easily see that that is the case by looking at the Lerner dia-
gram in Figure 1. The TT isoquant represents unit output of the traded consump-
tion good. It's value in terms of R is initially equal to 1/p°. An increase
in p to p', will reduce the value of a unit of T in terms of R to 1/p'.
If production is to continue in that sector, w must necessarily fall. It fol-
lTows that p/w increases proportionately more than op. Differentiéting equation
(5) and using (11), we can solve explicitly for the proportionate change in w,
W, as a function of technology in the T sector and the proportionate change

in the price of oil, 8.

The relative price of T in.terms of Q, or what we have called the real
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exchange rate, e, is determined solely by the technology in the output tier

and p. Given the relationship between Q and B in equation (13), and assum-
ing away the possibility of factor intensity reversals in the output tier, we
can use the familiar Stolper-Samuelson relationship between factor prices and
product prices to solve for e as a function of o and the technology of pro-

duction in the output tier.

As one would expect, the increase in the price of o0il in terms of labor
will result in an increase in the relative price of the final good which uses
0oil more intensively.

Having described the relationships between p and factor intensities in
the three sectors, as well as the relative factor and commodity prices, we can
proceed to solve for the levels of output of R, T and Q, the direction and
volume of trade, and the effects on production and trade following an increase
in p. In Figure 2, the length of the horizontal 1ine segment 0Q represents the
fixed endowment of labor, N. Given also the ffxed endowment of land, L, we
can represent the production function pertaining to the input tier (equation (1))

by the curve ORma .

X The maximum Tevel of o0il output is QRmax’ but the actual

level of production will be less than that since some labor is also allocated to
the output tier. For any given value of p, in particular p°, we have seen that
the system of equations (5) - (9) determines the unique real wage in terms of o0il,
w°/p°. Employment in the input tier is at an equilibrium level only if the marginal

physical product of labor is equal to w°/p°. In Figure 2, this occurs at the point
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of tangéncy between the w°/p° T1ine and the oil production function, ORmax'

The levels of o0il production and employment in the input tier are QR and ONr,
respectively. The endowment of labor and oil that the output tier can operate
with is given by the dimensions of the Edgeworth Box, TRQNr. Using point T

as the origin for the T sector and Q as the origin for the Q sector, we

[o]

q
gin. The slopes of these expansion paths (-1/n%‘ and —1/na), as we have seen

can project the ny and n2 expansion paths from the respective points of ori-
t

above, are determined by p and the state of technology in the output tier. The
expansion rays have a superscript "o" indicating that they correspond to the rela-

o

tive price of oil p°. In the unlikely case such that the country neither exports

nor imports oil (R = 0), the allocation of resources within the output tier

would be given by point Aﬂ' Production and consumption of T and Q are then
given by the segments TA and QA, respectively.

Suppose that while continuing to maintain equality between income and
expenditure, residents of our country decide to buy more units of Q. This can
be represented by a longer segment, BQ, for example. With competitive markets
and perfectly mobile factors, production will adjust to meet this change in
demand. Since Q 1is oil intensive relative to T, in this particular case,
we know that by the Rybczynski theorem, the necessary production changes can take
place only if the output tier's endowment of 0il increases relative to its labor
endowment. Given the possibility of trading T for R, this is in effect ac-
complished. In Figure 2, the country can obtain TV of oil in exchange for a
quantity of traded consumption good given by VE. In order to produce VE of
traded consumption good, it is necessary to use VJ of labor and VH of oil.

The net effect on the endowment of labor and oil that can be used by the




output tier in order to produce goods for the home market, can therefore be sum-
marized by a movement up along w°/p° from point T to point E. The distance
TV represents the quantity of oil imported, - E, and that same distance also
measures the oil value of exports of T, ?/p°.

If Q were instead the labor intensive consumption good, a shift in de-
mand toward Q and away from T would result in a pattern of trade that is the
reverse of the one described above. In order to produce more of the now labor
intensive Q, the country would have to export R in exchange for T and thus
move the "effective endowment" point down along w°/p°. By trading one final
product for one factor of production, in effect the country can trade one factor
of production for another. The terms of trade between the two factors, w®/p°,
is determined by p and the technology of the sector producing the traded final
product.

The model can be easily applied to countries with any ratio of L to N

by varying the shape of the QRmaX schedule. The special case of L = 0, which

is commonly used in models that analyse the effects of an o0il price.increase, can
be represented in Figure 2 by drawing the w°/p°® Tine through point 0. That
point corresponds to the autarky endowment of the output tier and emphasizes the
vital need to trade that characterizes countries which lack resources that are
used in production of intermediate inputs.

An increase in the price of 0il in terms of T from p° to p', results
in a proportionately greater decline in w/p. This is shown in Figure 3 as a
rotation of w/p Tline from w°/p° to w'/p'. For countries that have some 01l
producing land, this results in a higher level of employment in the oil sector,

N;, and a correspondingly higher rate of oil production, R'.  For a country
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that has none of the o0il producing Tland, Nr =R =0, so its oil production is
not affected, but the terms at which it can trade its "effective endowment" move
against labor and in favor of o0il in a proportion that is the same for every
country, provided that the technology of production in the T sector is identi-
cal throughout the world.

The economy depicted in Figure 3 was initially importing T°V° of oil in
exchange for V°E® of traded consumption goods, resulting in an "effective endow-
ment" at point E°. This endowment was then used to produce for the home market
E°A of traded and AQ of the non-traded consumption good. With an increase in

p, both sectors in the output tier become more labor intensive. This is des-

cribed by expansion paths n% and né which are flatter than the initial n%

o
q.
An increase in p will change the relative price of T in terms of Q

and n

according to equation (14). In this particular example T 1is labor intensive,
implying that e will fall. This will have an effect on the‘allocation of domes-
tic consumption expenditures between T and Q. Furthermore, the increase in p
wi]] also change real incomes of these same consumers. Assuming that titles
to Tand are not traded internationally, real income in terms of traded and non-

traded consumption goods, YT and Yq, respectively, can be defined as

(15) YT wN + ph'(zr)L, and

(16) Y eY

Q T

Since the o0il production function is linear homogeneous, ph'(zr)['= pR - Nrw,

and we can write YT as




Yi = (N - Nr)w + pR.

Differentiating this expression with respect to p, noting that dR = (w/p)dNr,

and using the relationship between w and p given in equation (13), we obtain

(17)

dp

. — n
Keeping in mind the definitions of N, R and ng. We can rewrite (17) as

dyY
(7)) —L=R+Rr, |1-2 ],
dp nt

or we can write this relationship in terms of proportionate changes as

' PR n
(18) PR B O |
YT n

By differentiating equation (16) and using equation (14), we can express
the proportionate change in real income, measured now in terms of non-traded

consumption goods, as

Y
(19) -
p

The proper measure of the proportionate change in real income, however,

A

is a weighted average of YT and YQ’ with weights being equal to the expendi-
ture shares of the two consumption goods. Denoting the fraction of income spent
on Q by a, and on T by (1 -a), we can write the proportionate change in

A

real income, Y, vrelative to p, as




(20)

Substituting

Q

p n S

(20") PG O S s B R g
Y o

T N¢ N

R

A A ny
The sum of the last three terms is equal to zero,5 therefore Y/p = pR/YT,

confirming our intuition that a country's real income is affected as a result of
a change in p only to the extent that it exports or imports oil.

An increase in p will therefore generate both.income and substitution
effects on the demand side of the model. For now, let us assume that these forces
move the equilibrium point from A to Z in Figure 3. Production and consumption
of Q is given by the distance ZQ, while production and consumption of T is
represented by line segments V'Z and E'Z, respectively. The excess of consump-
tion of T, relative to production, is imported in exchange for T'V' of oil

exports.

In general, the effect of an increase in the relative price of oil on the
production side of the model, is to raise employment and the rate of production
in the o0il sector and reduce the oil intensity of production and the level of ac-
tivity in the output tier. Volume of oil exports (imports) will tend to rise (fal1),

or as in the case depicted in Figure 3, an oil importer may become an oil exporter.




We are now ready to introduce the asset markets and analyse the demand

side of the model.

II. Portfolio Balance, the Exchange Rate and the Balance of Trade

Non-human wealth of our residents consists of domestic currency, M, homo-
geneous shares which represent ownership titles to the nation's 0il producing land,
D (the outstanding number of these shares is equal to L), and net holdings of
an internationally traded, foreign-currency denominated, short-term security, F.
Domestic currency and land titles are assumed not to be traded internationally.
Total holdings of assets by domestic residents, evaluated in terms of domestic

currency, A, can be written as

(21) A =M+ SD + EF,

where S and E are domestic currency prices of one share of land and
one unit of foreign currency, respectively.
Assuming that asset holders view F and D as perfect substitutes, the

yields on these two securities will be equalized. Denoting the exogenously given

world rate of interest by 1i*, and defining units of T such that their foreign-

currency price is equal to unity, in an efficient market

h'(Rr)pE
(22) i* = —— + 0 - €,
S
where o and e are the expected rates of change in S and E, respectively.

Under the commonly used rational expectations assumption, these expected rates of

price change are equal to the actual. Noting that h'(xr) is determined by




technology and p, both of which we assume are not expected to change over time,
any path of asset prices characterized by o - € # 0 is explosive. Rational
speculators will not choose an adjustment path along which S/E falls to zero
or rises to infinity because the "fundamentals" don't justify it. This implies
that along any stable path, o - € = 0. We can now use equation (22) to solve
for S.

h'(%r)pE

i*

(23) S =

Using (23), A can be written as

h'(2,.)oD

1*

(21') A=M+E

We assume that A, defined as the desired ratio of money to income yield-
ing assets in the portfolios of domestic residents, is a function of the oppor-
tunity cost of holding domestic currency, e + i*, and the level of real income,

Y.

M
(24) = x(e + i*, Y), with x] <0 and >\2 0.

i <F b (Rr)pD>
i*

By rearranging terms, we can write (24) as

(25) E




which gives us the nominal exchange rate as a function of M, €, F, and p. The
remaining variables that affect E 1in equation (25) are held constant in our
model. By differentiating this equation with respect to M; e, F, and p, we

obtain

2 N
A r
"ET] R - <R + —'-)
(29) y_ o Ix Nt/ >
3 Yy EF + SD

where ng = -A]/A(-) > 0 is the "elasticity" of demand for money with réspect

AsY
to the opportunity cost of holding it, and n, = 2

>0 1is the income elas-
Yo a()

ticity of demand for money.

Intuitively, these results may be explained as follows. An increase in
the money supply results in currency depreciation as unwanted balances are brought
to the foreign exchange market where asset holders attempt to exchange them for
income yielding foreign securities. An increase in the expected rate of depreci-
ation leads to the same chain of events. Accumulation of F, on the other hand,
increases the size of-domestic portfolios and, by way of a scale effect, raises
the demand for money. Domestic currency appreciates as residents attempt to -
exchange through the foreign exchange market part of their newly acquired F for

M. Finally, an increase in p affects the nominal exchange rate through two dis-




tinct channels. As was shown in Section I, real income rises or falls with p,

depending on whether the country is an oil exporter or jmporter. The change in

income fn”turn affects the demand for money and the exchange rate in an already
familiar way, thus an o1l exporting (importing) country should expect to see its
currency appreciate (depreciate) through this particular channel. The first term
on the right hand side of (29) captures this effect. On the other hand, an in-
crease in p 1is also associated with a rise in the value of the marginal product
of oil producing land. This brings about a jump in the price of D. The capital
gains raise the value of asset holdings and the demand for money along with it.
The second term on the right hand side of (29) corresponds to this effect. In
summary, an increase in p affects the exchange rate by influencing the demand
for money through changes in real income and portfolio scale. The first effect
may be positive or riegative, depending on whether a cbuntry exports or imports
0il, while the second effect is always non-negative. Note, however, that equa-
tion (29) is a partial derivative. In evaluating the total effect of an increase
in p on the exchange rate, we must also consider the relationship between p
and € in the short run, and p and F in the long run. Nonethé]ess, it is
clear that the nominal exchange rate is a mometary variable which is influenced by
the real phenomena only to the extent that the demand for money is affected.

In Section I, we analysed the factors that determine the real exchange rate.
In this section we did the same for the nominal. One can examine the effect of

an increase in p on the nominal price of Q, P by remembering that Pq = E/e.

q,
Looking at equations (14) and (29), we see that the sign of an/Bp depends on a
number of factors. We may note briefly, however, that 3Pq/8p is definitely

positive 1if Q- is 0il intensive relative to T and oil imports of the country




are sufficiently large so that an increase in p results in an exchange rate
depreciation. Similarly, an/Bp is definitely negative if T 1is oil intensive
relative to Q and the country exports oil. These, of course, are not the neces-

sary conditions.

We proceed by introducing the demand side of the consumption goods market
and the balance of trade.

Real consumption expenditures, C, are assumed to be an increasing func-
tion of real income, Y, and real assets, A/P, where P is the consumer price

index.

(30) C =cC(Y, A/P) with 0 < C] <1, and C2 >0
Using a Cobb-Douglas form of the price index, we define P as
(31) P = pYE!™®
q
Remembering the definition of the real exchange rate, we can write P as
(31') P = E/e”

Making use of equations (21'), (24) and (31'), real assets can be defined as,

(32) §= EO—L [1+ a(e + i*, Y)][Fi* + h'(!?,r)pD]

i*

Real expenditure on the non-traded consumption good, Cq, is a fraction af(e)
of total expenditure, where «'(e) > 0.

o

(33) Cq = ale)e(Y, & [1+ A + %, V)I[Fi* + h'(2,)p0])
i*

Similarly, real expenditure on T, Cy> is a fraction 1 - o(e) of total




real spending.

(38) ¢y = [ - a(@)] (Y, 11+ ale + %, V)T [Fi* + h*(s)o0])

In Section I, we assumed that a particular consumption point is selected.
Equation (33) formally determines the demand for Q as well as the "demand de-
termined" output of Q.6 Equation (34) specifies the demand for traded consump-
tion goods, which in general will not be equal to the level of production, T.

In Section I, under the assumption that income is always equal to expenditure,
exports (imports) of traded consumption goods were always equal in value to im-
ports (exports) of oil. In the present section we are concerned with the adjust-
ment process, and although income is equal to expenditure in steady state, this
need not be the case in the short run. As assets are changing, income will differ
from expenditure, the difference of course being the balance of trade. Under a
perfectly flexible exchange rate, the foreign-currency value of the trade surplus

is equal to the rate of foreign asset accumulation, F = dF/dt.

_PLY - c(Y, A/P)]
E

(35) F =T+ oR

Note, however, that PY/E = YT and (P/E)C(Y, A/P) = C(YT, A/E), so we can

write F as

h'(Qr)pD)

i*

(35') F = Y- € Yps [T+ (e + i%, ¥)] (F ¥

For any given- p, F 1ds a function of only F and e. We can write this re-

lationship in reduced form as




(35") F =4(F, e3 p),

with partial derivatives of ¢(+) evaluated in a neighborhood of the steady

state given by

3¢9
oF

20 -Con F+ S0l >0
ag 2] E

3 L

9P P

(36) -CoL1 + ()1 <0

v

C R(EF + SD)

-C1+ ()] | ————= | 20

Equations (36) - (38) can be explained as follows. An increase in F
will reduce ﬁ since it increases the stock of assets and raises expenditure
relative to income. In contrast, an increase in the expected rate of depreci-
ation lowers the demand for money and, through currency depreciation, the real
money supply. The wealth effect reduces expenditure relative to income and

raises the rate of foreign asset accumulation.

A change in p, however, has an ambiguous effect on F. First we recall
that the effect of a change in p on real income, measured in terms of traded
consumption goods, is given by equation (17'). Intuitively, that relation states

that real income, evaluated in terms of T, will rise (fall) if the value of re-

Q)
sources that are not used in the T sector (i.e., pR + qu + qu) increases




(decreases) as a result of an increase in p. If E >0 and Q 1is oil inten-
sive relative to T, YT unambiguously rises as both the value of oil expdrts
and of resources used in the Q sector increases along with p. Similarly, if
E <0 and T is oil intensive relative to Q, YT will unambiguously fall. 1In
the two remaining cases (i.e., E >0 with nq > ng and E <0 with ng > nq)
the sign of dYT/dp is ambiguous. In general, with the marginal propensity to
consume between 0 and 1, an increase in p will tend to improve or worsen
the balance of trade through this particular channel, depending on whether dYT/dp
is greater or less than zero. This effect is captured by the first term on the
right hand side of equation (38).

We also know that an increase in p will change real income in terms of
a bundle of traded and non-traded consumption goods in the direction that depends
on the sign of E (i.e., dY/dp = EY/YT). The change in real income in turn
affects the demand for money, and through a change in the exchange rate, the real
money supply and the real stock of assets. This has an effect on absorption and
the balance of trade, as indicated by the second term on the right hand side of
(38). Finally, the third term represents the effect on expenditure of an increase
in the value of assets as the price of land titles jumps to a higher level along
with p. The trade balance will deteriorate as expenditures rise, hence this term
is negative (or at most zero, as is the case when D = 0).

We observe that both the sign and the absolute value of 23¢/9p is related

V]
to the country's net exports of oil, R. More specifically,

=71 -(C, - =
" T-6 _ p YP

3(9¢/3p) C2X2(EF +SD) C,
—_— = (A - nyM >0,
3R




for a reasonable value of ny’ such as unity, and positive net holdings of non-
monetary assets. In other words, the effect of an increase in p on a country's

overall balance of trade is related directly to its balance of trade in oil. We

v

may also solve for the critical value of net oil exports, R such that

C,

9¢/3p = 0.

A C R+ N /n N
2 a1 | ——Lt) -r + 3|20

_ _ : q
A - nyM o i* ng

Assuming again that net holdings of non-monetary assets are positive and that

n
ny = 1, the term in the first brackets is positive. It follows that RC has

the same sign as the expression in the second brackets, thus

Intuitively, Rc >0 (< 0) only if following an increase in p, the increase

in expenditure generated by the jump in the price of land titles is greater (less)
than the change in saving that results from a change in the value of resources
used in the production of Q. If Q 1is labor intensive\re]ative to T, Rq -
Nq/nt < 0 and Ec is unambiguously positive. In other words, if the non-traded
consumption good is labor intensive relative to the traded, it is necessary that
a country be an oil exporter 1f it is to experience an improvement in its balance
of trade following an increase in the price of oil. In that particular case the
effect of an increase in p on both land prices and the value of resdurcés used

V] .
in Q will contribute toward a trade deficit. Only a positive R can keep the

trade ba]ance from deteriorating. If Q 1is oil intensive relative to T, the




two effects work in opposite directions, and we would need to know more about
the values of the parameters involved in the above inequality if we are to de-
termine whether gc 2 0 for a particular country.

In conclusicn, an increase in the price of 0il has an effect on an economy's

real income and also on the value of assets held by its residents. It follows

that if changes in asset stocks have an effect on absorption, it is not suffici-

ent to look only at a country's o0il trade in order to determine the effect of an

increase in the price of o0il on its overall balance of trade. Nonetheless, for
ny
any economy, there is a critical value of net oil exports, R_. (which may be 2 0)

c
such that if actual net exports of o0il exceed (fall short of) that level, the
balance of trade will improve (deteriorate) following an increase in p.

We complete the dynamic system by focusing our attention on the market for
assets.

Differentiating the asset market equilibrium condition (24), we find that

along any adjustment path




where é = de/dt and u = (1/M)(dM/dt). We can write equation (39) in reduced

form as
(39') € =v(F, €5 p, 1)

with the following partial derivatives, again evaluated in a neighborhood of the

steady state.

“C,[1 + A(+)]

SD
”e<“?>

<0

(40) 2 -

(43)

The dynamics of adjustment within our model are described by the system
of differential equations (35") and (39'). This system is depicted in F{gure 4,
The % = 0 schedule, along which trade is balanced, is positivély sloped and the
directions of arrows pointing east and west correspond to the signs of partial
derivatives given by equations (36) and (37). The schedule along which the ex-
change rate appreciates or depreciates at a constant rate is é = 0, and arrows

pointing north and south correspond to the signs of the partial derivatives given

by equations (40) and (41). Both e =0 and F =0 schedules are positively




FIGURE 4




sloped, however, it could be easily shown that F = 0 1is steeper. In fact

C, de C,

de R — where 0 < —m — < 1.

dF | & = - Fle = -
e=0 ¢, (1/A]) dF |F =0 C, (1/x])

The characteristic roots of our dynamic system have opposite signs indi-
cating that there is a unique stable branch of the saddle path, denoted by ss
in Figure 4, which the economy with perfect foresight is assumed to follow on
its way to the steady state.

By looking at the ratio of equations (42) to (40) and (36) to (38), we
readily observe that an increase in p will shift both é =0 and ﬁ =0
schedules by the same horizontally measured distance; leaving the steady-state
rate of currency depreciation unchanged and equal to pu. The shift will be to
the left if an increase in p results in a deterioration in the trade account
(3¢/3p < 0), and to the right if 98¢/0p > 0. In Figure 4, one can imagine
these shifts taking place and immediately see that e jumps to a rate in excess
of w for deficit countries, while the opposite is true for surplus countries.
In other words, whether a country experiences rates of inflation and currency
depreciation in excess of, or below the rate of monetary expansion, depends on
whether the country has a deficit or a surplus in its balance of trade. For
portfolios to remain in balance while deficit (surplus) countries decumulate
(accumulate) traded securities, it is necessary that the real money supply also
decline (increase). Once long-run asset decumulation (accumulation) goals have
been reached, € will have fallen (risen) to equality with u.

In our discussion following equation (38) we analysed the factors that

influence the sign of 23¢/d9p and concluded that it depends on the sign




_26_

ny v
and magnitude of R relative to RC. In particular, the Targer is the absolute

n )
value of the difference between R and Rc’ the greater will be the absolute

‘value of 93¢/3p and the horizohta] shift of é =0 and ﬁ ='0 schedules. This
implies that there is a direct relationship between the magnitude and direction
of a country's o0il trade and the impact effect of an o0il price increase on its
overall balance of trade, as well as the difference between ¢ and u.

As we already indicated, the long-run effects of an increase in p on

F and € are given by

(3¢/3p)

The impact effect on the Zevel of the exchange rate can be analysed by
looking at equation (25) and its partial derivatives (27) and (29). The ex-
change rate will appreciate or depreciate depending on whether the impact ef-
fect of an increase in p results in a rise or a decline in the demand for
money. The increase in p affects the demand for money in three distinct ways.
First, the value of land titles will rise and tend to pull up the demand for
money through the portfolio scale effect. Secondly, Qi] exporters (importers)
experience a rise (decline) in real income, which in turn will tend to raise
(Tower) the demand for money. Finally, depending on whether the country experi-
ences a trade surplus or a deficit as a result of an oil price increase, ¢ will
either jump to a level below or above yu, as was pointed out above. In the
former case the cost of holding money declines, while in the latter it increases.

This results in an increase in the demand for money in surplus countries and a




decline in those with a deficit. In conclusion, the less dependent an economy
is on imported 0il, the stronger will its currency be at the instant a higher
0il price is announced. Furthermore, the relative currency strength will tend
to persist along the adjustment path.

Production effects of an oil price increase have been analysed in Sec-
tion I. Allowing the balance of trade to differ from zero, as in the present
section, requires that the discussion in Section I be slightly modified. As
the economy moves along the adjustment path, expenditures rise or fall relative
to income depending on whether the country is accumulating or decumulating as-
sets. Consequently, demand for Q and also its production will rise along the
adjustment path for surplus countries, and decline for countries with a deficit.
At the same time, the corresponding adjustments in production of T and trade
in oil also take place. One thing to remember, however, is that relative com-
modity and factor prices, factor intensities, and real income, do not change
along the adjustment path. The impact effect on those variables is 1dentica1

to the long-run effect.

It is also useful to analyse the effects of a change in the rate of mone-

tary expansion on the steady-state stock of traded securities and rate of cur-

rency depreciation.

hl
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This result is typical of the portfolio-balance approach.7 An increase

in the rate of monetary expansion and the cost of holding domestic currency that
is associated with it, Teads to an immediate portfolio readjustment and currency
depreciation. The resulting fall in the real value of assets sets the economy
on a path of asset accumulation and trade balance surpluses until the real stock
of assets that was held before the disturbance is restored.

In Figure 5 an increase in the rate of monetary expansion from u° to u'
will shift the e = 0 schedule up to (e = 0)', Tleaving the F = 0 schedule
unaffected. With the stock of foreign securities atk F°, the economy jumps to
a higher rate of currency depreciation (at point J) in order to reach the stable
branch of the saddle path. At the same time the Zevel of the exchange rate also
jumps, as indicated by equation (27). Along the adjustment path u > ¢ = ﬁq = 5,
and ﬁ > 0, thus the stocks of both real balances and foreign securities increases.
Finally, at point K the long-run equilibrium stock of real asSets is attained,
expenditure is once again equal to income, trade is balance, and the economy
has reached the steady state.

On the production side of the model, the increase in p will initially
reduce the output Tevel of the non-traded consumption good as domestic expendi-
tures on both T and Q fall with a drop in the real stock of assets. Output
of T, on the other hand, will rise in spite bf a decline in demand. The dif-
ference between output and consumption of T is ?(2 0), which is exchanged
in the world market for oil and foreign securities. Whether net exports of oil
rise or fall following a jump in u will depend on whether Q is oil or Tlabor
intensive relative to T. As the economy moves along the saddle path from J

to K, production in the output tier, as well as trade in R and T, all move




back to their predisturbance levels. It follows that changes in the rate of
monetary expansion have short-run effects on the production side of the model, while
in the Tong run they don't.
We reach similar conclusions for fiscal policy. An inérease in aggregate
demand, as a result of an increase in tax-financed government spending, would
shift both é =0 and % = 0 schedules to the left by the same horizontally
measured distance. The nominal exchange rate, as well as its own rate of change,
would instantaneously jump to a higher level. This is followed by a succession
of trade balance deficits, which over time, through their effect on the stock
of assets, reduce the level of absorption to equality with income.
Along the adjustment path, production levels would be altered in the
output tier in a way which depends on what the government is purchasing. As-
suming that government's spending pattern does not differ from that of the con-
sumers, fiscal policy will have no effect on the production side of the model
in the long run. Even in the short run, relative commodity prices, factor re-
wards, real income and production techniques are not affected by fiscal action.
On the asset side, however, the scale of portfolios will be trimmed down as a
resﬁ]t of the instantaneous exchange rate and price level jump and trade deficits
that foHow.8
Clearly, there is not much room for macro policy measures in a full-
employment model, but even in this context fiscal policy can play some role.
In particular, the effect of an oil price increase on the balance of trade and

the rate of exchange rate depreciation can be completely neutralized by an ap-

propriate dose of fiscal expansion or contraction. If this type of insulation

is desired, fiscal policy parametefs should be set at levels that maintain bal-
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anced trade. This requires fiscal expansion in surplus countries and contrac-
tion in those with a deficit. In other words, the government would have to use
fiscal policy in a way that forces the economy to cut (increase) domestic absorp-
tion by the same amount that real income falls (rises) as a result of an increase
in p. Such "cold turkey" policies cannot be desirable, or else what is the pur-

pose of asset accumulation.

ITII. Conclusions

This paper has attempted to illustrate and clarify certain effects of an
increase in the relative price of a traded intermediate input. By developing a
three sector production structure we were able to show that the relative price of
0i1 and traded consumption goods in terms of non-traded consumption goods depends
only on technology and the price of o0il in tekms of traded consumption goods.
Efforts to "cheapen" the imported input by using macroeconomic policy measures
that affect the nominal exchange rate are bound to fail even in the short-run if
all markets are competitive. Furthermore, the real wage, measured in terms of
either consumption good, must fall as a result of an oil price increase. It was
also shown that the income lost by workers is gained by owners of oil producing

land and that real income of the economy as a whole will change only to the extent

that it imports or exports oil. The loss (gain) in real income is due to a de-

cline (rise) in the reward to a country's relatively abundant factor.9

In Section II we analysed the effect of an 0il price increase on the
behavior of the exchange rate and the balance of trade. The emphasis was on the
role of changes in real income and asset values that are associated with an oil

price shock. It was shown that the conditions that guarantee currency appreci-




ation are not identical to those for an improvement in the balance of trade.
Nevertheless, the stronger is a country's position in 0il trade, the stronger
will be its currency and the balance of trade following an oil price increase.
Interestingly enough, our analysis of the balance of trade contains no mention
of the elasticity of substitution between the two consumption goods. While that
parameter helps to determine the volume of trade; it has 1ittle to do with the
balance of trade. We should note, however, that the greater is the elasticity
of substitution in-consumption, the better will be the position that the country
finds itself in the next time oil prices jump.

In keeping the analysis as simple as possible, we neglected several impor-
tant issues. One of them is the problem associated with imperfect mobility of
resources from one sector to another. We also ignored possible differences be-
tween the consumption functions of workers and land owners. To the extent that
such differences exist, our conclusions concerning the effect of an oil price
increase on the balance of trade in the short run and the stock of assets in the
1ong run, would have to be slightly modified.

The model could also be extended to recognize the fact that extracting oil
from a given plot of land is a process that gradually comes to an end. This
phenomena can be accounted for by introducing a relationship between the inten-
sity with which land is used in production of oil and the rafe at which its pro-
ductivity declines. This exercise would not be very interesting, however, unless
we also endogenize the relative price of oil in terms of traded goods, and for
that it would be useful to have at least a two country model. We could then also

raise questions concerning the optimal rate of 0il production.

Trade in land titles is another interesting extension of the model. In




some countries a significant fraction of such land titles (or more realistically,

they may be called shares in oil companies), are in the portfo]ios of foreign

residents. Under those circumstances, one would have to introduce explicitly

the service account. We would then observe that by acquiring a sufficiently

large stock of foreign Tand titles a country that produces no oil can experience
exchange rate and balance of trade behavior following an oil price increase that
is similar to that of o0il exporters. This again emphasizes the point raised in
Section I that it is through changes in factor rewards that an oil price increase
affects the economy's real income. Ownership of factors rather than their physi-
cal presence will therefore determine the magnitude and the direction of change

in the value of a country's currency and its balance of trade following an in-

crease in the price of oil.




FOOTNOTES

. See, for example Schmid (1976), Findlay and Rodriguez (1977), Rodriguez (1977),

Buiter (1978), Bruno and Sachs (1979), Findlay (1979), Obstfeld (1979), Scarth

(1979) and Schmid (1980).

A similar two tier production model, with one tier producing the intermediate
inputs and the other final goods, has been developed by Sahya1 and Jones (1979).
One shortcoming of their model, however, is that it does not allow for trade

of final products in exchange for inputs, but merely exchange of one inter-

mediate input for another.

We ignore the service account in order to keep the points that this paper
emphasizes as clear as possible. One can easily introduce the service ac-

count into this model, but it would not change our main conclusions.

Point A should not be associated in one's mind with the special case in which
a country is not permitted to trade oil. Under those conditions, p becomes
an endogenous variable which can be determined by the production structure

and, of course, the demand functions for the two consumption goods.

- . . . T T
In obtaining this result, we made use of the following: eﬁ/eN = qunq/ORYTant,

_ _ T_ Al T T _ -
o = Q/eYT = (qu + qu)/YT, Oy 1 Ops ON/nteR w/p and nq Nq/Rq.

Note, however, that C_ = PqQ/P = Qea_].

q
See, e.g., Kouri (1976), Calvo and Rodriguez (1977) and Rodriguez (1977).

A similar conclusion is reached by Rodriguez (1977).




It was pointed out by Laursen and Metzler (1950), p. 290, that "... an improve-
ment in a country's terms of trade is equivalent, economically, to an increase

in the productivity of some of the factors of production..." More specifically,

it is equivalent to an increase in productivity of a factor that a country has

in abundance relative to the rest of the world.
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