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INTERNATIONAL ADJUSTMENT TO AN OIL PRICE SHOCK

- The Role of Competitiveness -

ABSTRACT

It is common political practice to blame the presently poor performance
of OECD economies on huge raw material price increases during the 70s. This
view is apparently backed by recent small-country oil-shock analysis showing
within theoretical models how trade deficits and output and employment losses
inevitably occur in net oil importing countries. This paper argues that, by
its very nature, an oil shock afflicts an OECD country not in isolation. This
requires theoretical analysis of an oil-importing economy together with its
major trading partners. The paper demonstrates that due to a country—speciffc
superior technological adjustment the oil shock may possibly give a competitive
edge to one country or a group of OECD countries. Then a trade diversion among
trading OECD economies benefits a few of them at the expense of others and may
be strong enough to weaken or even turn around negative output and employment
effects which originated from the real income transfer towards oil producers.
Additionally, assessment of real and price level effects of an exchange rate
change reveals that in general the beggar-my-neighbor property of a devaluation
can be destroyed if imported intermediate goods like o0il are taken into account.
This outcome should also have some bearing on economic modelling of transatlantic

relations under flexible exchange rates.
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INTERNATIONAL ADJUSTMENT TO AN OIL PRICE SHOCK
-~ The Role of Competitiveness -

Consider the "world oil scenario" given in figure 1. In the upper part,
two completely specialized OECD countries trade their final products. This
is the standard assumption in most monetary trade models in a world with
OPEC. Depicted in the lower part, a substantial amount of industrial final
products must be devoted to trade with OPEC, which is modelled here simply
as a mono-producer of a natural resource like oil. OPEC's oil production
is delivered as an intermediate good to individual OECD countries in exchange
for those countries' processed final products. To the best of my knowledge
there exists no theoretical analysis of this complete world oil scenario;
but, bits and pieces of this complex structure have been investigated. A
good deal of effort has been devoted to the "small country" analysis, i.e.,
an analysis of an individual OECD country. This was the focus in the work
of Rodriguez (1977), Findlay and Rodriguez (1977), Obstfeld (1980), Djajic
(1980), as well as in Bruno and Sachs (1979) who added a national "oil
industry" (shown with dashed lines) to the basic framework. The latter is
relevant for ﬁhose industrial economies which appear to have a'choice today
of either becoming a net exporter or a net importer of intermediate goods.
Besides the ambitious large scale analysis and the small country analysis
there exist two other possibly interesting types of intermediate analysis
which incorporate some of the repercussions inherent to an o0il shock
but are not modelled in the small country analysis. (1) By aggregating
OECD into one consolidated economy producing only one single final good,
Schmid (1976), (1980d) has analyzed a simplified system with OECD - OPEC
interactions taking into account the repercussion effects stemming from
OPEC's spending of oil revenues on OECD goods. (2) Leaving aside the
induced change in OPEC's spending from increased oil.prices it is possible

to investigate the oil price impact within an intra-QECD analysis.
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This latter analysis is taken up in this paper starting with the

observation that an oil price hike, by its very nature, simultaneously

hits each economy within the OECD area. Hence, a small country analysis

as in Bruno and Sachs (1979) or Findlay and Rodriguezv(1977)9 assuming

export opportunities depend only upon the final goods terms of trade,

tends to mneglect the adjustment other OECD countries must undergo following

an oil price shock., To simplify, we wish to concentrate on OECD consisting

of only two industrial economies, the EMS and the US. Using a two~country

monetary approach model, first introduced by Dormbusch (1973) and extended
Dixit-Norman (1980).

to cope with unemployment by Branson and Rotemberg (1980), Schmid (1980a),and

we consider an OECD where both member countries produce the same good.

This allows us to concentrate upon the adjustment to an oil shock in the form

of changes in total absorption, gross production, and income; as opposed to

expenditure switching effects from oil price-induced relative price changes

which are also of interest, (see Dornbusch (1980)) but are totally neglected

in this paper. Taking a European point of view the o0il price hike most

likely will reduce, in the foreign (US) economy, real gross production

and also real income and absorption. Depending upon the US economy’s

elasticity to substitute imported oil for domestic factors of production

and on.its marginal propensity to absorb, the result could be either an

excess supply or an excess demand for final goods in the US final goods

market. In the interesting case where the reduction in US absorption

falls short of the recession in gross production there will be (net) imports

of final goods to the US, or, put differently, a boost in European exports

to the US. The questions we wish to analyze in this paper can now be asked:

Under what circumstances is the export boom to the US strong enough to

compensate for the oil price~induced loss in European demand for European
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goods and the induced slump in European production? While all small
country analysis so far has unanimously demonstrated a fall in domestic
output and real income as the result of an oil price hike, the question

is whether it can be shown in a QECD-wide analysis that the fall in output

and/or real income can be avoided, at least in one OECD economy, by
running a substantial trade surplus with its industrial neighbor economies.
It can also be asked in this framework what role is played by different
institutional arrangements in the EMS or US leading to nominal or real
wage rigidity in the international adjustment process following an oil
price shock. Finally, it is well-known that there exists the possibility
of real income protection in the presence of oil price shocks by inflation,
i.e., by starting an expansionary income policy for domestic factors of
production validated by an expanding money supply. Assuming there exists
a different preference towards this "inflation" solution for real income

protection in the US and the EMS, how is the EMS/US exchange rate affected?



The Model

We start with a specification of production in a typical representative
OECD country. Following Bruno and Sachs (1979) we observe that a sufficiently
genereal description of production can be obtained using a nested CES

function.
x = x(v(2,k), n) (1)

Thus we postulate a linear homogeneous CES technology v(e¢) producing value
added, v, from domestic primary factors of production labor, &, and capital,
k, with elasticity of substitution g, The gross production function x(°)
has itself a linear homogeneous CES representation in value added, v, and
imported natural resources like oil, n. The elasticity of substitution in
gross production will be denoted by o. We further assume k to be constant
which gives us decreasing returns to scale from a uniform increase in the
variable factors n and %. Introducing output elasticities of the two

variable factors of production

6, = L

2 3 and 0

RS
m
Q>
':JlN
R -]

we use a circumflex to denote a percentage change of a variable and write for

gross output

X = 62 L+ en 1

It follows from the Appendix A that 62 = (l--Bn)OL2 and Gn = Bn where Bn’ ag
represent output elasticities of gross output and value added with respect
to the indicated factor. If 0<u2<1 we always have Bb+en<l'

If we denote P the (gross) output price level and W, Pn’ R the nominal

prices for labor, imported intermediates, and the use of the capital stock,
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respectively, we can express the change in output price as an average of

changes in factor prices (see Appendix A for more details).
P = 92 W+ Gn Pn -+ (l—@z—en) R

We have also shown in Appendix A that it is possible applying standard

results of neoclassical production and cost theory to obtain a general

output supply function:
x = x(W/P, P /P; k) 2"

According to the nested CES specification of (1) we have a detailed

description of some properties of (2') (see Appendix A for derivations).

x =’-ren(Pn - P) - ew(w - P) (2)
. en[c(1~en-e£) + eﬁcv] ; o o = GRTX__ 2o
n (1¢en)(1—en—e£) W 1—en— 0,

] eno(l-en—ez) + SQGV
P n W ‘(1—en)(1—en— 62)

>0

Using dashed letters to denote US variables we have a similar output supply

function for the US. P', PA, W' are in US currency units.
T - PO 22T B o
X e (Bl - P ’) (W P") (3

The influence of the constant capital stock accounts for an upward sloping
aggregate supply curve in P,x spacel leaving the possibility of a horizontal

supply curve as a special case where o = 0 and consequently with a, = 1

1This appears to be a useful generalization of the linear homogeneous
technology in Schmid (1980d) and also in Obstfeld (1979) and Rodriguez (1977).
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where 1—en -6, = 0. Note further that we can simplify elasticities in (2)
assuming either the case of no substitution between imported intermediates
and value added (0=0) or the case of a simple straightforward CES

representation of (2).

Findlay-Rodriguez (0=0): CES (g=0v):
.1 8,0, . (6,+6,)0
P 1aen (1—6n_el) P 1-6n ~62
6 6,0 6 o
B ow n 27w e = n
n 1—en (1—en-e£) n 1-6nf62
.. 1—6n ezov . 6,0
w l—Gn (1—6n-6£) W l—en-82

We turn to a discussion of the demand side. We consider two industrialized
economies, the EMS and the US, representing OECD. There is only one

final good in the world economy which is produced by two industrialized
countries in different amounts, x, x'. This good is consumed by households
in both countries as well as by OPEC consumers. Let cz, cg be the quantities
of the final goods sold to OPEC by EMS and US, respectively, and let ¢, c'

be final goods consumption in EMS and the US. Then, the world goods market

equilibrium is:
[e + cg - x] + [e'" + cg -x']1=0 3

For later reference it is useful to present the goods market equilibrium
condition in an alternate manner which highlights income spending and the
trade balance. Define the trade accounts of EMS and US with respect to

their OPEC trading:
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Final goods trade between the US and EMS can be captured by a definition
of the EMS/US trade balance, Bx’ or vice versa, from the US viewpoint by

a definition of US/EMS trade balance, B;:

= - ok - . ! o Plfg? o ok = f
Bx P(x c* c) Bx P'(x ck - ¢ ) (5)

A surplus in the EMS/US trade relation is in favor of EMS if BX > 0. A
typical OECD country trades with OPEC final goods against intermediate goods;
however, it also trades with other OECD countries in final goods. Therefore,

the overall trade balance for the EMS and the US is defined:
= . | - ] ]
B=B +B ; B B! + B! (6)

Finally, OPEC's overall trade balance, B*, captures its trade relation

with the EMS as well as the US, i.e., with OECD as a whole:
SRR = 7 ) - ) % %) = e ) )
B* = Pn(n +n') -P (ce + cu) [(l/E)Bn + Bn] (7)

Note th#t we express OPEC's trade Balance in US currency units in accordance
with thevfact that US currency ié the most widely used vehicle currency in
ﬁhe underlying transactions."ln (7) we used the US/EMS exchange rate, E,
(price of US currency in EMS currenéy units) to relate EMS prices to US

prices.

P=EP' and P = EP' (8)
. n n

Using (8) and (5) in (4) yields the well~known statement that EMS and US

final goods trade balances are not independent in the goods market equilibrium.

B, = - EB! | | (9
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Adding and subtracting Bn and B& to (9) and making use of (6) and (7)
yields an important relation between the overall trade balances of the

three trading areas:
B = - E[B' + B#] (10)

We use figure 2 to explain the message of (10). It shows OECD as a
'square' world economy which produces equal amounts x, x' of final goods
in the EMS and the US, respectively. Therefore the falling 45° line
passing through points 0' and Q' is the OECD gross output line.2 With
factors of production imported in both OECD countries the real value of
national gross production x, x' deviates from the real value of national
income y, y' by an amount which sometimes is called the national "oil bill."
We assume that both the US and the EMS have no national production of natural

resources and therefore are importers of oil:

y =x

]
ol
=}
~
1l
l
i
ol
=]

Assume that both OECD countries absorb goodé which, in real value, exactly

are equal to the value added ( = value of national income) that they have
contributed to the manufacturing of their value of gross production. In

this case they do retain exactly that amount of their final goods production
to compensate OPEC for its delivery of intermediates. In this special case,
national incoﬁe equals national absorption. Absorption (consumption) in each
country must be on the income line YY and Y'Y', respectively. .Hence, bilateral
trade with OPEC is in equilibrium in both countries. Consequently, distance

Y'Y' portrays OECD's total "oil needs" in terms of OECD's total final goods

2The model has only one good. Therefore, only distances on the abscissa
really matter. 45° lines are used to 'make up' the diagram and to suggest
possible extension to a world with two traded final goods.
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Figure 2
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production, i.e., OPEC's consumption of final goods. From figure 2, as
well as from (10), we obtain the following statement: If bilateral trade
between each OECD country and OPEC is in balanced equiliﬁrium, then the
total OECD -~ OPEC trade balance is in equilibrium (B* = 0). 1If, in
addition, bilateral trade between OECD countries is in balance (Bx = 0),
then the overall trade balance of both individual OECD countries is in
equilibrium (B = B' = 0). Figure 2 represents exactly this situation if,
and only if, mational absorption takes place at points on the YY and Y'Y'
lines respectively. We refer to this situation as an initial long run
equilibrium position. - Note that the notion of a long run equilibrium
captures the idea of a two-tier world productive system where OPEC, as an
intermediate goods producer, and OECD, as a processing manufacturer, absorb
goods exactly in an extent they can afford, in terms of their contributed
value added. Note further that there exists a second possibility for the

EMS overall trade balance to be in equilibrium, namely from (10):
B=0 and B’ = - B* with B* # 0

Assuming, realistically, B* > O the EMS may run a deficit in its trade relations
with OPEC, i.e., Bn < 0, but its overall trade balance may be in equilibrium
because it manages a matching trade surplus in its trade relations with the

US. Assuming further the US has a bilateral trade deficit with OPEC, i.e.,

BA < 0, the total US trade deficit equals the total OECD deficit; In terms

of figure 2, as above, the EMS absorbs along its YY line; however, the US

lives beyond its means because the absorption now is also on the YY line.

Note the difference in the distribution of world absorption compared with

the above defined long run equilibrium situation. EMS absorbs exactly

its real value added in both cases. The US, however, in the latter case,
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additionally absorbs OPEC's share in world output at the expense of running
a considerable total trade deficit which must be compensated by an outflow
of US funds to OPEC. Financing international trade poses no problems in
this case because the EMS; in its trade relations with the US, earns
exactly the amount of US currency it needs to cover its deficit with OPEC.

As a third possibility consider the case of an OECD absorption
bsomewhere on line QQ. Now OECD runs the same overall deficit against OPEC
as before because OPEC is again crowded out in terms of final goods consumption.
However, with Bx = 0 both the EMS and the US suffer from an outflow of money
which compensates fdr their excess spending which equals their respective
deficits with OPEC (B = Bn < 0 and B' = B; <0).

To bring forward the connection between income, spending, and the trade
balance, the reader should convince himself that the goods market equilibrium
condition (4) can be rewritten also as a modification of the well-known

open economy equation

Y=C+B + B or Y'"=¢C'" + B' + B! (11)
X n X n
with Y =Px - Pnn with Y' = P'x" - P;n'
C = Pc C' =P'c’

Using the expressions for income and spending in both OECD countries we

also have from the goods market equilibrium condition (4)
[Y - C] + E[Y' - C'] = - EB*

Making use of budget constraints which relate national incomes to expenditures
for purchases of goéds, C, and cash accumulation (hoarding, H) yields the

following statement
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H + EH' = - EB* (12)

Equation (12) adopts a well-known dictum of the monetary approach to our
present model saying that total OECD (dis)hoarding must be equal to OECD's
trade (deficit) surplus, i.e., OPEC's trade (surplus) deficit.

Turning to the behavior of the consumer sector we make use of the
distinction between the value of gross production and domestic value added
by defining the value of national income Y ( = nominal value added)3 as

the difference between value of production and its oil bill.
Y =Px - Pnn (13)

We know already that the value of production must be exhausted by the sum of
payments to domestic primary factors of production. Therefore, the share

of GNP in the value of total production equals the sum of all cost shares

of domestic factors of production.

Pn
n

Y/Px = “bx

62 + ek =1 - Gn ’ with en =

Concentrating on the oil share en.we can derive from (13) a useful relation

between the change in GNP in value terms and changes in all other variables.

0
- _ 1 ~ A _ n ~ FS
Y = 1o (P + x) N (Pn + n)
n n

If we measure real GNP in terms of gross output (final goods) units, we must

use the gross output deflator P to obtain4

0

~ _ 1 A _ n PN _ -~ A

y=1p X~15% (F,-F+tD (14)
n n

n

3The following discussion of income and spending is given for the EMS only, it

applies in an analogous way to the US; we add the US functions later without
further comment.

4Note that we do not use the value added deflator P_ to determine real GNP,
This deflator, so it seems, was used by Bruno and §achs (1979).
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From the CES production side of the model it is well-known that per unit
0oil requirements can be expressed as a function of the real oil price measured

in terms of output units (Pn/P).

ﬁ-—:‘;-——-o(f’n-ﬁ) (15)
Using the factor demand function (15) in (14) yields a useful relation

between gross production and real income we write down for later use:
(l-en) y = (l-9n) X = en(l-U)(Pn - P) (16)

We postulate real expenditures ( = real absorption) expressed in terms of

final goods as a function of real income and real cash balances

c = c(y,m) cs Cy > 0 17)

and we make use of a differentiated form of (17).
¢ = a§ + p[ﬁ - ﬁ] with o + p = 1, O<a, p<l (18)

In (18) we have imposed on ¢(°) the property of linear homogeneity in y and
m.5 The function is sufficiently general to allow for expenditure effects
from real income changes as well as real cash balances. The following
statements may explain the expendiﬁure behavior in more detail:
(1) A uniform increase of the finai goods price level and nominal
cash balahces, holding real income constant, raises nominal

expenditures by the same percentage rate. Real absorption,

however, does not change.

5In Schmid (1980c) it is shown that the assumption of linear homogeneity
is in accordance with a hoarding story where actual cash balances are
adjusted to desired cash balances which itself are assumed to be a
function of domestic income.
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(2) A uniform increase of the price level and nominal income does
not affect real income but decreases real balances. Therefore
real expenditures fall due to a real balance effeét expressed
by p.

(3) A uniform increase of real income and nominal cash balances,
holding the price level constant, raises nominal expenditures

by the same percentage because real expenditures have risen.
Similarly for the US we have a real expenditure function6
¢'=a'y' +p' [M' + E ~ B (19)
a' + p' =1, O<a', p'<l
and a relation connecting US gross production to GNP
(1-61) y' = (1-6!) x' - 61 (1-0')[B! - B'] 20

Finally we specify OPEC's demand for OECD exports assuming that OPEC
demand for final goods is indifferent against goods from differenf
national origins as long as there is only one pfice for exportables in a
homogeneous world market. Therefore, EMS and US exports are negatively
related to the final goods price iﬁ US currency units via the same

functional form.
c* = ¢*(P/E) ck = c%(P/E

It is useful to characterize OPEC demand by introducing an elasticity of

export demand, n.

Note that we use the exchange rate and the final goods price in domestic

currency units to express the purchasing power of US cash balances in
terms of final goods.
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A

ck = n@® - B ; 3;’; = n(P - E) ~1<n<0 » (21)

Next we shall feed in the behavioral function in a "hat" version of the
goods market equilibrium condition. We rewrite and differentiate (4)

in an initial state of long run equilibrium.

(x-¢) + %' =¢c") =c* - with c* = c: + cz

-~

c* (22)

(]
@|

¢ [x - (1-6) c] + g'[x' - (1-8]) &'1 = 7§

c=x/x; ' =x"/x;xsx+x" 3+ =1
Pn(nﬁn')

'_=-.-—-———-—-= 1 XN
en PR Cen te 6n

In (22) 3; is the total OECD oil share given as an average of national
0il shares where the shares of national outputs in total OECD output,

t, ', are used as weights. Using these shares it also follows

N ce . Cle' R
c* = —=2 cz + o cg (23)
fn On

Inserting in (22) (23), (21) together with (16), (18), and (19), (20) yields

‘S A.l,. 6+ 161 '§+ !61A1=
g8, x [z;p cp]_ g'8] x (24)

- 109 .s' - o ? -fn? ¥ Al LIF b B - o
[ed +e"6 1 B + 2(1-0)p M+ 7 (A-0))p" M' + [£8 #2767 - £(1-0 )e] E

In the world market equilibrium condition (24) the following parameters
appear and are given only for the EMS although a similar set of parameters

exists for the US.
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60 =1 - (l—en)a = (l—en)p + en >0
6n = ena(l—o) 20

>
Gp = (1—6n)p - enn - ena(l—o) <0

and GP + 6n == 60 = en(l+n) >0

To explain the coefficients in the world aggregate demand curve note first
the inverse of 60, Gé are gross output multipliers for fhe EMS and the US,
respectively. They demonstrate clearly that the higher a country's oil
share, the weaker its multiplier; because the oil share determines the
effective marginal propensity to spend from an increase in domestic
production. Second, in what follows we assume 6p, 65 > 0. Hence, we
postulate the net effect of an increase in the final goods price to result
in world excess supply because real balance effects in both OECD areas

and a drop in OPEC demand for OECD final goods together outweigh the
positive demand effect from rising incémes. The latter follows from a
reduced real oil bill if the final goods price level rises. Third,

coefficients 6§ _, 6’
n’ n

capture the tax like effect of an o0il price increase at
a given level of national production and a fixed final goods price. An

increase in PA reduces demand for imported oil the less the more technology
related rigidities hinder a process of substitution between domestic factors
of production and oil. This substitution process is accounted for by ¢ and

0-'

. Price and quantity components of the oil bill therefore move in
opposite directions and with o = ¢' = 1 there is a possibility that the
oil bill might not change. However, rather low substitution, i.e.,

0 £ 0,0" < 1 leads to the more typical result where the negative GNP effect
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of rising oil prices outweighs the positive substitution effects. Hence,
GNP will fall after an oil price increase in all OECD economies in an
extent dominated by national oil shares and national technological
possibilities to substitute for oil. The loss in real income clearly

has an adverse influence on OECD's final goods demand and; in consequence,
on its production depending on the size and variability of national
propensities to spend. Fourth, holding the final goods price in domestic
currency units constant, the goods market impact of a change in.the EMS/US
exchange rate, specifically of a devaluation of the exchange rate (£>0),
can be shown to be ambiguous. This is because of conflicting forces we

recognize by rewriting the exchange rate coefficient in (24)
" (1-0"'Vn" = B - - USSR IS S |
['(1-60)p 6, n - 26 0(l-0) - ¢'8la’(1-0")]

As usual we have a positive real balance effect of holders of US currency.
With a final goods price fixed in EMS currency units the exchange rate
change lowers final goods price in US currency units and therefore increases
OPEC's demand for final goods.7 On the other hand we have contractionary

GNP effects assuming a low degree of substitutability bécause a devaluation
t

PnE
P El

in both countries. This is because in the EMS, oil price in domestic

increases the real price of oil measured in terms of final gocds,

currency units must rise from a devaluation, while the final goods price in’
US currency must fall.

Next we give a more compact matrix representation of our model using
" the national output supply functioms (2), (3), and the goods market

equilibrium condition (4).

7We have assumed the OPEC holds its wealth in US currency. In the present
one good model the shift in OPEC's demand for goods could be attributed to
OPEC's wealth effect. This interpretation would readily follow from a
model of OECD - OPEC interactions.
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The determinant of the matrix of endogeneous variables in (25) is
A = § +ed + '[8' + €'8'] > 0 26
= Rl + e 0 ) FES ¢ e B ] (26)

Although 6p, 6; can be negative we assume it to be positive. However, even
if the 1d be tive we require 6+ e 8 > 0 and 8' + ¢'8' > 0,
y wou negatiwv qu P 2%0 P 00

This helps to avoid dynamic instability and it simply says that the aggregate
absorption .

curve of a country, when it has a positive slope, that slope must

(see figure 3 below).

be greater than the slope of the aggregate supply curve. Ap is the OECD-
wide expression weighted by the preductive shares individual countries

have in total OECD production. In.order to determine final goods price

and output responses specific to each country, we solve (25) for P and %,

e
~ " A
P/P' = --2 20 27)
n A
P
~ A e A+ e A ~ A e'A + e'A
x/P; = o n 7 n z 0 : X'/P; - o} EA p n 2 0 (28)
P P

8See Appendix B for computational details of the derivation of the following
results.
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The change in total OECD production of final goods, E; can easily be

evaluated using (28).

%/P! =-——-P——A—-E-- <0 (29)
P
ry = 1.1 « 7T = [P}
En gen + z En H ep gap + ep

In (27) - (29) a useful shorthand expression
= - v 1o .tgt] 2
An c,[én enao] + [Gn enso] <0 (30)

has been introduced. This term, too, is defined as an average of individual
country terms., The economic meaniﬁg of these terms bears some importance
for the understanding of the model.

To bring this out more clearly the following discussion is centered
around figure 3 where the outer diagrams exhibit EMS and US absorption
functions aa, a'a' and aggregate supply.functions xx and x'x'. Note that
the absorption functions are constructed such that at each price level real
income produced at this price level is fed back to determine absorption.
Besides real income a real balance effect influences absorption. In showing
the absorption functions with negative slopes we tacitly have assumed that a
positive real income effect from a rising price level is dominated by a
negative real balance effect.9 We assume an initial long run equilibrium
where the final goods price level is Po. At this price level each country
must provide the indicated amounts cg, cg in final goods to pay for the
national oil bill. According to the definition of a long run equilibrium

we assume that OPEC trade relations are balanced in each OECD country.

9For more detalls concerning slope and shifting parameters of these
curves cf. Schmid (1980c).
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Obviously there exists no trade between the EMS and the US because in the
middle diagram (net) excess demand (net of OPEC consumption) is zero.
Note that we have to distinguish gross and net éxcess demand functions.10
The former are shown as dashed lines but only the latter determines EMS - US
trade relations.

Concentrating on EMS we argue that at the given final goods price
level an oil price shock moves the EMS supply curve to the left by a
percentage change €y At the lower output (gross production) EMS absorptioﬁ
is reduced by a(l—en)en. Both the oil share and the marginal propensity
to spend account for aﬁ excess demand situation in the EMS final goods

market.
- [sn - a(l-en)en] = - Enao <0

However, this analysis suppresses the fact that domestic income after an
0il price shock must fall by a larger‘percentage change than gross pro-
duction if we realistically assume low technological possibilities to
substitute for oil in the short run, i.e., 0 < ¢ < 1. This additional

reduction in absorption due to the tax-like real income'squeeze is
aen(l-c) = Gn 20

and this effect may be strong enough to create an excess supply situation
in the EMS final goods market if Gn - enéo > 0. Technically speaking
we have the EMS absorption curve shifting to the left by a larger

‘percentage than the EMS supply curve whenever 6n - enGO > 0. This is

10To simplify, we show both excess demand functions as parallel lines.

This implicitly assumes that OPEC demand is perfect price inelastic.
This assumption also removes the unrealistic property of falling OPEC

demand if oil prices rise. 1In Schmid (1976) a real income effect in
OPEC demand for final goods takes care of this unwanted property.
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the case of an EMS coﬁtributing excess supply to the world market for
final goods. Correspondingly in figure 3 the excess supply curve would
shift to the right.ll From this argument it is then obvious that if,
not only the EMS, but also the US contributes an excess demand in the
world market for final goods, i.e., 6n - Enao < 0 and 6& - 5;6; < 0,
we have An <0 and from (27) world market price for final goods must
rise. It is also clear now that for a rising world market price at least
one country must adjust by creating excess demand. If both countries
adjust by opposing excess demand patterns positive axcess demand of one
country must be larger than the negative excess demand of the other
country, if the final goods price is to rise because of a world excess
demand situatiom.

Knowing now tﬁat the final goods price rise is determined by An/Ap
this price rise can be taken to determine EMS and US output effects. We

find from (28)

. ¥
o T en < An ~upy 2 Sn An
x/Pn <0 if - - and x /Pn <0 if = =T (31)
P P P P

These conditions compare the upward shift éf the aggregate supply curve
of each individual OECD country with the increase in world market priée
for final goods. Gross production of an individual OECD country increases
if its aggregate éupply curve shifts vertically by a lower percenfage

than the percentage increase in world market price.

11Here the impact of an oil shock differs from other supply shocks, for

instance a wage push. While from the latter we usually derive an excess

demand situation, from an oil shock we get an ambiguous effect on excess
demand.
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Perhaps even more interesting is an observation from (31) that after
an 0il price shock there seems to exist the possibility of a positive
output effect in each country. Note first that only in an initial world
excess demand case, i.e., An < 0, we may obtain the positive output
result., Hence, we can exclude a falling world market price from further
investigation. Secondly, notice that the positive output result contradicts
virtually all small country theory of oil price shocks where normally
the only definite outcome is a fall in gross production and real income.l2

We turn next to a closer investigation of the positive output effect
in our disaggregated OECD framework. First, what determines this atypical
outcome? Second, is it possible that both countries simultaneously adjust
with positive output expansion; or, is it rather that a positive output
effect in one country corresponds to a negative output effect in the other?
There also exists a presumption that for a country to experience a positive
output effect it seems necessary that it runs a trade surplus in trade
with its industrial neighbor economy. To prove this conjecture it is necessary
to determine also the oil impact‘upoﬁ Bx’ the EMS-US tradé balance. From
(5) we can derive an expression for the change in Bx taken in a point of

long run equilibrium.
- — -~ ~ ﬁ' Py - _ -~
dB_ = Yz[8_ x + Gp P+§ P+ (540 m)E-(1 en) p M]

Using (27) and (28) in this expression yields an‘ambiguous oil price

impact upon the EMS-US trade balance.

le notable exception is Dornbusch (1980), chapter 5, who discusses in a

small country two sector economy the case of an oil shock related
terms of trade effect.
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§ ~e § )A = (8 +e 6 )A
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The following condition relates the upward shift of the EMS (net)
excess demand curve in figure 3 to the percentage increase in world
market price in order to determine the sign of the EMS trade balance
with respect to the US.

§ =-¢€. 6 A

51 2 n no > n v
de/Pn <0 if w3535 1 (33)
P po P

An expression similar to (33) can be given for the US trade balance

with respect to the EMS.

Ay = Bafy = By '
dB;/P; <0 if 3T E et S % (34)
P po P

We next give conditions which characterize an atypical -
adjustment of an QECD country after an oil price shock. Using (31)

in connection with (33) or (34) yields.

€ A § -¢€.6
n n < n no il o Y
= : o z; ap T epso if x > 0 and dB_ > 0 (35)
e! A 8! - e's!
- > B RR8 X > 0and dB <0 (36)
P P P po

In Appendix C a detailed investigation of possible adjustment patterns
contained in (31 and (3.2 comes to the following conclusions:

(1) The "normal" result from an oil price shock is a simultaneous
fall in individual country outputs. The EMS trade balance may
react positively or negatively. A favorable EMS trade balance
effect is more likely, (i) the smaller the excess demand on the

part of EMS and (ii) the larger the excess demand on the part
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of US contributed at a given world market price to the
world market for final goods.
(2) The atypical result of a positive output effect is possible
| bﬁt never appears simultaneously in both countries. If an
OECD country ekperiences a positive output efféct.it must
also have a poéitive trade balance‘with its neighbor economy.

(3) A necessary condition for a positive output effect is a
sufficient superiority (low en,‘high ¢) in the technologicgl
accommodation to the materials price shock, i.e., the aggregate
supply curve of a country with a positive odtput effect must
shift less than the supply curve of the other OECD country.
Demand side effects as described in (1) which turn the final
goods trade balance in favor of a country with technological
superiority emhance the possibility of a positive output
effect.

(4) A high technological similarity and/or highly similar spending
pattern in both countries eliminate the appearance of positive
output effects.

The last statemént suggests the idea of treating the EMS and US economies
as replicas. Analytically this idea can be made effective in (27) - (29)

by setting

e
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OECD price output response is
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.. T -EE .
¥ = e —
BIP) = - 5 =5 20 (37)
.. TE TR
ETa R s .__L..._.L_
x/B T s, <0 (38)
13

(37) and (38) are identical with the Bruno-Sachs (1979b p. 15) results.
Bruno-Sachs in generalizing the Findlay-Rodriguez (1977) work and all of

the recent literature have treated an increase in oil prices as an increase
in a single country's oil bill. Invoking the small country assumption

they interpret formulas (37), (38) for an individual OECD economy.

Therefore, they neglect effects of the oil price increase on other OECD
countries or OPEC spending of higher oil revenues. Since an oil price

shock, by its very nature, hits simultaneously the "rest of the OECD

world" and the (small) country ., only a fully fledged two

OECD country analysis is appropriate; and as our amalysis reveals, the

case of positive output effects becomes a possible outcome which contradicts
the Bruno-Sachs result. To make the Bruno-Sachs formulas valid our procedure
of deriving them explains why it is preferable to interpret these formulas
for OECD as a whole. Since OECD consists of equivalent countries, by
definition we can neglect intra-0ECD repercussions.14 As the reader may

have expected frmm€2i% we derive from (38) an unambiguously negative

output effect.

lBNote that our model in contrast to Bruno-Sachs excludes imports of final

goods but avoids Bruno-Sachs' dichotomy of real and monetary sectors by
including a real balance effect. Hence the identity is only in terms

of the reduced form parameters of the aggregate demand and supply framework,
not in terms of the underlying structural equations.

14OPEC spending for OECD goods would give another repercussion effect from
an oil price shock. We here do not wish to deal with this problem because
it was analyzed in Schmid (1976) and Schmid (1980d).
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If An > 0 the final goods price level falls because the oil price
shock produces a world-wide excess supply situation in the final goods
market. At first this may appear counterintuitive since doubtless rising
raw material prices tend to raise output prices from the cost side. However,
as we have set up the model price determination is from the cost side as
well as from the demand side. Hence, if excess supply is prevailing in
the world market for final goods producers of both countries cannot pass
through oil cost related price increases. Therefore, falling output

prices indicate a clear case of profit squeeze.

Devaluation

0il price shocks are inflicted to the OECD from the outside by OPEC.
It is interesting to notice that exchange rate changes act, at least
upon those EMS economies which are net importers of oil, in much the
same way as an oil price shock. This holds as long as oil prices are
posted in US currency. The traditionalktheory of devaluation derives
positive output and price effects for the devaluing country.. If exports
of manufactured goods have an 'import content' in terﬁs of dimported
intermediates like oil it appears dubious whether supply side related
effects of a devaluation are matched by the usual demand side effects.
In a previous small country analysis Schmid (1980b) argues that a devaluation
tends to be price increasing and output reducing if factor substitution
between oil and domestic factors of production is assumed»realistically
low. This section follows up this previous investigation by looking at
devaluation in an OECD-wide framework. We also have a special interest

in reconciling conflicting views about devaluation. Is it, as stated
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recently by economic analysts, that a devaluation is "like an oil price:
shock?"l5 Or is a devaluation of the domestic currency like a windfall
wealth gain accruing to holders of foreign currency and therefore like
an exogeneous increase in foreign currency?l6 Or, finally, in a
-compgtitive world economy with output variability due to sticky wages,
is a devaluation equivalent to a foreign money shock plus a foreign
supply shock, like a wage push?l7 Knowledge of the basic working of
exchange rate changes seems to be an important precondition before one
sets out to answer the ultimate question: How is the price of oil related
to the price of the dollar? We shall address this question'briefly
in our conclusions but it is beyond the scope of the present paper.

The impact effect upon pride level and country specific output
levels of an exchange rate change can be calculated from (25). This is

done in Appendix D where the following results are derived:

— ‘ >

= - I8V (V) - -8 "
P/E [a +6 nl + ¢ [‘so(ep an) + (1-6)p'] < 0 (39)
~ A >

B e v a0 —-nv ?
x/E [anAp+ep(An}6nn)] + ep; [Goew+(1 en)p 1<0 (40)
A' A~ - _ ' _
x'/E €5 C[Goew + (1 en)D] <0 (41)

It is helpful for an interpretation of (39) - (41) to exclude first any

demand-side effects accruing to OECD from the non-0ECD world due to the

15Cf. Kouri-Macedo (1979).

16This position is implicit in the full-employment models by Dornbusch
(1973), Henderson-Rogoff (1980) who extend the original Dornbusch model
to a world of currency substitution.

17This position has been taken by Schmid (1980c) who has extended the

original Dornbusch model to cope with sticky wages and unemployment.
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EMS devaluation. This can be accomplished by assuming a totally inelastic
OPEC demand for OECD goods, i.e., n = 0. Recalling our oil shock results
(27) - (28) and similar results for wage and money policies derived from

(25) we obtain as an important outcome from (39) - (41).

P/E = B/P! + /W' + P/M' 20
x/E = x/B! + x/W' + x/M' 20 (42)
x'/E =~ [x"/W+ x"/M] <O

According to (42) EMS pfice and output effects resulting from an EMS
devaluation are completely equivalent to a US policy of wage and money
supply increase and a simultaneous o0il price shock. The US output effect
is equivalent to an EMS policy of wage and money supply restréint.

To understand this outcome assume a given equilibrium price Po in
EMS currency, then the EMS devaluation lowers prices of EMS goodé in
US currency units. To stay competitive, prices of US produced final
goods must be reduced. Given the oil price and US money wages, the
necessary US price concessions lead to a reduction in US output18 and -
real income. Note that in a (net) oil importing US economy there is an
additional tendency for a reduction in US real income stemming from the
implicit higher real US oil price P;/P' if 0 £ o' < 1. Simultaneously,
US residents aé holders of US currency, enjoy a windfall gain in their
wealth which boasts US absorption. The income and wealth effects have a
contradicting influence upon US absorption. Whatever the combined net

outcome for US absorption may be, the more crucial point is that the

18'l‘he devaluation related US outputaredugtién is as if the US production

costs would have been increased (P; = W' > 0) at a given US output price.
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US can contribute excess demand or excess supply to the world market for
final goods.19 Simultaneously, at the given price Po, the higher price
of the Dollar has also increased the real price of o0il in the EMS, EP;/PO.
Hence, the exchange rate change acts like an oil price shock in the EMS.
As discussed in the previous section this may lead to an excess supply

or excess demand in the EMS. It should be clear by now that again we

need An < 0, the condition for the appearance of world excess demand, to

make sure that a devaluation increases the final goods price level in (39).
The equivalence statements in (42) can be understood best by transferring

them into neutrality statements. According to (42) an appreciation of the US

currency plus a simultaneous US policy of wage and money supply restraint

(ﬁ' = ﬁ' = = E) together with a reduction in oil price (ﬁ; = - ﬁ) must be

neutral with respect to EMS price level and output. This is easy to

understand because the loss in competitiveness the US suffered from

the Dollar appreciation could be avoided by cutting US production cost

via a reduction of US factor prices, i.e., o0il price and US wage. This way

the US can escape the output reduction. The US price level would fall

exactly in an améunt necessary to overcome the appreciation; hence, the

EMS price level and EMS output remain constant. To get the full neutrality

result the wealth gain for US residents from the falling US price level

must be liduidated by a contractionar& US money supply policy. We obtain

a similar neutrality result if in (42) a EMS devaluation is accomplished

by a EMS policy of wage push validated by an increase in EMS money supply.

This is a well understood phenomenon in models without oil. Obviously it

1 ; ; .
9Note that in a world without imported intermediates the US must have

an excess demand. This is shown in Schmid (1980c).
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also holds in the present framework because the EMS depreciation plus
the EMS wage push increase EMS production costs and price level by the
same percentage. Hence, final goods price in US currency units remains
constant. To compensate EMS residents for their real wealth loss an
expansion in EMS money supply is needed.

It was observed in Séhmid (1980c) that real effects of an EMS
devaluation can be annihilated by other ill conceived policies originating
in EMS such as, a money validated EMS wage push, or by a US policy of
wage and money restraint which is beyond EMS control. The presence of
oil in OECD production leaves the first half of the sentence valid, but
destroys the second part because the US would also rely upon cooperation
of OPEC to restrain oil prices,

So far we have abstracted from outside deménd effects due to a EMS
devaluation. If 0 < n < 1 this adds an OPEC demand pull to the world market
for final goods and improves the likelihood of a positive result for EMS
Price and output. Now, even if intra—OECD interaétion ﬁight result in
an excess supply, the outside demand compbnent, if strong enough, can
turn the final outcome in a positive direction.

It is possible to focus directly on conflicting impulses of an
exchange rate change by comparihg demand side effects of the exchange rate
change with restrictive cost push effects. This is done most efficiently
by neglecting all intra-OECD interaction in an OECD where both economigs
are replicas.

Assume the EMS depreciation is accompanied by restrictive US wage

~

and money policies (M' = W'

- E with E > 0) and expansive EMS wage

with E > 0). Because these policies are in

= >

and money policies (M =W =
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opposite directions they leave the OECD money supply and wage rate un-
changed. However, by adding these concomitant policy measures with the
EMS devaluation in formulas (39) - (41) we obtain the following reduced

impact effects of an EMS devaluation:

" (§ - E8)+6.n
_ __n n o n > .
R/E = E T ER 8 (43)
P po
W s EG +ES)+E( -E8 +6n)
x/E=-2P Pg P B D00 B 2o (44)

If OPEC demand is inelastic the price and output effects of an EMS
exchange rate depreciation are indeed equivalent to an oil price shock.
If 0 < n < 1 OPEC exhibits a positive demand effect (see figure 4), Hence,
even if OECD initially adjusts with an excess supply we may finally find
a positive price effect if the devaluation related stimulation of OPEC
demand is large enough. A positive price effect is a necessary condition
for a positive output effect in (44) but there exists nothing that makes

this result, a priori, more likely. The criterion for the output reaction

is
ans En 5 Eﬁ - Ehso + 5£n
x/E <0 if -= < 1T T (45)
P P Ppo

An initial excess supply, i.e., relatively low o and a low n, makes it

rather likely that we obtain a negative output effect from a devaluation.zo

2OThis has been argued'in Schmid (1980b). The formulas for price and

output effects from a devaluation derived there follow
from (43) and (44) if ep => o ag 1—6n - 6, = 0,
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Conclusions

This paper has emphasized the importance of a two-country framework
in the analysis of an oil price shock. First, it was shown that blaming
oil price increases for a stagnation or reduction in output, although
in accordance with present academic analysis, really is no excuse in a
world of interacting OECD economies. There always exist strategic
parameter constellations such that an economy can escape output recessioné.
However, in a group of n economies at most (n~l) countries can avoid a
falling output. Second, it has been shown that incorporation of oil
as an intermediate factor of production possibly destroys the well-known
beggar-my-neighbor property of an exchange rate change, because a deprecia”
ting EMS exchange rate can result in a negative output effect in the deva-
luing EMS country. Third, the paper demonstrates exchange fate changes
are similar in many respects to‘oil price shocks. However, in a world of
sticky nominal wages the equivalence of a devaluation with an oil price
shock can be proved only in the case of an inelastic OPEC demand and
compensating income and monetary policies which must be enacted in opposite
directions in both countries. As a general result, an exchange rate
policy has been shown to be equal to a blend of}supply and demand management
measures which in particular include the price of oil. This 1eads‘to a
last question: How is the US/EMS exchange rate related to the price of
0il? While this problem could best be addressed by adding a currency
substitution portfolio sector21 to our present model, we conclude with

some remarks which are along a current account view of exchange rate

21This could be done along lines shown in a non-oil world by Henderson

and Rogoff (1980).



-36~

determination rather than a possibly more useful portfolio balance
approach. Assuming OPEC shocks the OECD world with an o0il price hike,

in which way could OECD react to protect output and real incomes? The
present model, namely equation (42), suggests é simple solution: Both
OECD countries must start simultanéously expansionary wage policies
validated by simultaneous expénsionary money supply policie’s.22 This

has been called the "inflation solution" because it would increase the
final goods price by the same percentage as the oil price has risen

and OPEC would:not gain anything. If we now assume EMS resists the
inflation sélution and thus refuses to enact a policy of expansionary
money supply and_wage increases, real incomes in both OECD countries

éould be protected as before if the US currency would be depreciated by
the peréentage increase in oil price. More generally, we obtain real income
protection if the degree of the dollar depreciation exactly matches the
EMS reluctance to conduct the same inflationary US money—Cum-wage policies,
This same adjustment in the ewxchange rate would be produced automatically
had we assumed an exchange rate mechanism designed to clear the overall

EMS trade balance.

22This assumes anbinelastic OPEC final goods demand and does leave out

the possibility that OPEC indexes oil prices.
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Appendix A

Define the following variables:

P gross output price level

Pv value added price level

W (nominal) wage rate

R (nominal) rental rate

Pn 0il price in domestic currency units

g elasticity of substitution between oil and domestic value added
g elasticity of substitution between domestic factors of production
Bi’ai shares of factors or output elasticities of production functions

x=x(v,n) and v=v(&,k)

We represent technology as a nested CES function
x = x(v(2,k), n) , (A1)

which is to say the underlying functions are CES. We refer to these functiomns
as the gross procduction function and the value added function., Differentiation

of these functions yields'

We can define the elasticities of factor substitution
a-v=-0F -P) k=-2=-0(R-W (A2)

Using these definitions it is possible to represent the change in gross

output and value added as follows
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X = - BnU(Pn - Pv) + v v =00 (R-W +k (A3)

The change in gross outpﬁt price level as well as the change in value
added price level are weighted averages of the changes in their réspective
factor price components.

~ A

P=8 P +8 P P,=a, W+a R (A4)

Using the right hand equation of (A4) in the equation on the left hand
side we can determine the change in gross output level as a function of
the changes in all its éomponents.

P= (1—Bn) (azw + o R) + N Pn (A5)

It is useful to define the following shares of factor costs in total value

of gross output

<D

]
Q
ve
D
[}

(1-8Ja, 5 6 = (1-8 Doy = 1-6 -6,
This yields

P= 06, W+ 0

9 R+ Bn Pn (A6)

k

The domestic capital stock is constant in the short run, therefore
concentrating on the value added function in (A3) we can express the change
in value added as a function of the domestic real wage in terms of value

added,'W/Pv.

EENCRNBICES S - @n



Note that the rental rate is determined as a residual if in (A5) value
added varies together with its price level assuming W = 0. Using (A7)
in the gross output function (A3) yields gross output as a function of

real wage and real oil price in terms of value added, W/Pv’ Pn/Pv'

x=-8o( - Pv) - (aluvlak)(w - Pv) (A8)
We can rewrite {(A8) using the definitions of gross shares.

X = - eno(Pn - Pv) - (ezov/ek)(w - Pv) (A9).
From the left hand equation in (A4) we get

A

b ek P
Fy ® 1-6 [r ®a Pn]

Therefore, we can express changes in gross output as a function of real wage

and real oil price in terms of gross output, W/P, Pn/P'

x = en(Pn - P) - €, W - P) | | (A;O)

en[a(l—en-ez) + 0,0 )]

€ = - >0
n (1—en)(1-en—ek)
6.0
=tV
Ew T 1-6 -0 >0
n 2

A 6 o(1-6_-6) + 6,0
e =e +e n n L v

= >0
P n W (1—en)(1-en—e£)
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Appendix B

The matrix of the endogeneous variables in (25) is

r"‘ ey
1 -
sp 0
;60 ;Sp + ;'65 ;'6; (B1)
0 -g'! 1
L p -

Multiplying the first and the third row by -z§ and -c'G;, respectively,

and adding to the second row gives

v—l 0 b
>
4
0 Ap‘ 0 (B2)
-g? 1
[_0 °p .

The determinant of (32) is Ap.

To solve for P/P; the matrix in the denominator of the solution can be

manipulated by multiplying the first and third column by €, and €, s

respectively, and adding to the second column. We then obtain

(1 0 0o ]
.;60 —An ;'6; (B3)
0 0 1

Using (B3) we obtéin the complete solution.

§/§; ='-An/Ap 20
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To solve for x/P; and x'/Pé the matrices in the denominator of the
solutions can be manipulated by multiplying the first and third row by

-§60 and -;'63 , respectively, and adding to tlie second row. We then obtain

-en g P ] 1 =ep —en
-a_ 8, 0 and 0 5, -a_ (B4)
P et g i

L en € P 1 B i 4] ep sn ]

Using (B4) we find the complete solutionms.

P enA + € An -
'\ = . 2P PR
x/Pn x 20
P
& - & e'A + e'A N
x'/p! = - B L
n Ap

The change in OECD production of final goods, E; is composed of changes in

individual country production.

A

Xx=zrx+ " x

From the above solutions we obtain (29) in the text.
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Appendix C
§ - en6_ 6; - 5‘6; o R
Denote u = 82—1f2*3~ and u' = 37-I~E%§T then it is possible to
P po P P o

show that An/Ap must be an average of u and .

A (8! + e'sY)
_£=‘..._-1.__ b - P p o
AT Mt T ¥ vhere ¢ = ¥ e 6
P p p o

We can visualize this by the observation that the algebraic value of

An/Ap must always lie in between lower and upper bounds p and u'.

-

€ € e! €
- o - B
€ e! e’ €
case: u <! ’ L) i () ’ i ] TN
—8 —e—{2— —- - -
EMS trade balance & 4 T : & & L'
deteriorates H ” , .
! € € g’
2 - . A
, el € € e!
case: ¥ > ' ’ L ’ o ’ ’ LD |
—_— Z, B £ R — F) 7
EMS trade balance N S v U N2 !
improves H H H u

Note that this property simply reflects the fact that US and EMS trade
balances have opposite signs. Note also that we must distinguish two
cases: If u < p' we have a deterioration of the EMS trade balance, de < 0,
if y > p' the EMS trade balance improves. It is further possible to show
: >
- € [e_ < ~e'/e! < ', <e'/e! :
n/ p <M and en/ep u As en/ep En/e we are concerned with the

p
four interesting cases of possible parameter constellations shown above.

Therefore, we have

the following taxonomy of possible adjustment patterns from (31) and (32):
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Cases @ and exhibit positive output effects. They demonstrate
that if a country experiences a positive output effect it must also

show an improvement in its bilateral trade relation to the other OECD

country. It also follows simply by inspection of
our graphical scheme that chances for cases (:) and (:) to appear
are reduced and finally disappear totally if we make both economies

technologically more equal.
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Appendix D

To solve for P/E the matrix in the denominator of the solution can be
manipulated by multiplying the first and third row by —;60 and -c'é; .
respectively, and adding to the second row. We then obtain

g P

1 ~€ 0
n
- - 1 ? 0
0 g[(&n an60) + enn] +z [6p+ep60] 0 (1)
0 ¢! 1
L p .

Using (D1) we find the complete solution

- - v ] TR0
§/£ ] c[(Gn enGO) + enn] +C [6p+ep6°]
AP

_mIay +agn] + g[8 (e e )+(1-0)0 "]
" ‘
P

To solve for x/E and x'/E the matrices in the denominator of the solutions
can be manipulated by multiplying the first and third row by —CGO and E'Gé s

respectively; and adding to the second row. This yields

-

—sn —sp 0
- - 1ITRIL 08T
c[(Gn enéo) + enn] + [6p+epdo] Ap 0 (D2)
-g! -g! 1
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The EMS output result is from (D2)

A A

- - s VERoV 900
enAp ep{;[(én enso) + enn] + {§p+°Pao]}

x/E = T
P
- \ a TRVl ? 0iynt?
) [enAp + gp(An+6nn)] + spc [GO(EP ;n)+(l en)p ]
A
P
3 .
1l - —g
P n
e - 1] ] | N
0 Ap AEC e §)+0 nl + ¢ [6p+epso]
0 -¢! -g!
L P P .

The US output result is from (D3)

e - - PRIV ST
Ep{Ap + c[(&n enéo) + enn] C [6p+ep60]}

" A
P

x'/E

C 2 ' L oo
ep{Ap Ap + c[(6n sn6°)+ enn + (6P+egdo)]}

A
P

~ep B8 (e me) + (1-6 )]

A_
P

<0

N

(D3)
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