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INTRODUCTION
The "North South Dialogue' and the calls for a "New Internat10na1 Economic.
‘Order" .have recently been the major issues of discussion in the international
aspects of economic development. The attention is focused on questiOns of the
following kinds Who sets the rules of the game for international transact10ns°
Who has the power to 1n1t1ate:changes in such rules? The,ba51c hypothesis is
‘that the institutional framework within which international transactions take
place has historically been biased in favor of the industrial North against the
predominantly primary producing South. This hypothe51s of fundamental asymmetry
in the workings of the global economic system, based on the well-known writings
of Raul Preblsh and Hans Singer, has been r1g0r0usly formallzed in recent
interesting papers by M. Kemp and M. Ohyama, and R. F1nd1ay
Recent events in the world markets for oil and other raw'materials,(i.e.,
baux1te), however, have led to the view that the resource-rich countries now
have the one-sided collective power to ”exp101t" anX71n¥erest in explo1t1ng the
resourceepoor countries. There are now those who believe that the shoe is really
on the other foot' | |
The purpose of the present paper is to hlghllght this potent1a1 new asym-
metry in the worklnos of the world economy and to examine the extent to which
the resource-rich and poor countries can, and might,.wish to.exploit each
other. We construct- an@Symmetric model of ‘the world economy based on the di-
: ehotomy between 0il consuming netions (OCN) and 0il producing nations (OPC).
The main features of our model are that each country produces a finel consumption
good, but OPC aléo produces a natural resource, oil, which is used as an input in

both countries. Capital and oil are internationally mobile, but labor is specific

to each country. We analyze several commercial policy interventions (taxes,

tarrifs, quotas) which can be used by ,each country to impoverish the.other, and

their effect on the world's resource allocatlon and income distribution. Specifically
and compare it

we analyze the case of an 0il export tax’/to an oil embargo imposed by OPC. The

results of the above model are compared to the Kemp-Ohyama model and to the

traditional Hecksher-Ohlin-Mundell models.



Ii. AN ASYMMETRICAL WORLD ECONOMY

The world is assumed to consist of two countries- 011 consuming natlons,
OCN and oil producing natlpns, OPC. Each country has a fixed endowment of
labor and of capital, which we denote by K. Labor is tied to'each.reOion but
cepital is internationally mobile_ respondlng to any d1fferent1a1 in the rate
of return. Each country brodpces one consumption good, X, with two factors of
production, capital, K, and a natural resource, eil, 0. OPC alone extracts O

with a spec1f1c capital stock K We assume that OCN is a net exporter of X

0’
and rents K cap1ta1 units to OPC, wh11e OPC sells the natural resource, 0, to
OCN. The world stock of capltal (spec1f1c to 1ndustry X) is fixed at K

The productlon functlons of X are respectlvely:

w X = X(R-K,0) and  X* = X*(R* + K, .0%),

~ where * refers to OPU, d is the_bCN demand for oil, O* is the OPC demand for oil,

K and K* are the initial stocks of eapital in each country.
The preduction function of oil is2

@ 0=0 (k)

and the following restrittions are satisfied:3
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Under perfect competition, the following equiiibriumleonditions hold: -
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where r,r* are the rates of return on capital expressed in units of X, while
P and P* are the relative prices of 0il in terms of X.
By utilizing the conditions (5)-(7) and the production functions (1) and
(2), we derive the derived demand functions for oil,
- (8) 0 =0 (P, K-X) and O* = 0*(P*,K*+K)

where conditions (3) imply
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and the supply functions of X,
(10) E X = S(P,R-K) and X* = S*(P*,K*+K)

where conditions three imply,

. . v ' " . o 7. . N .
an —%%— 2 115%; < 0  and: {S s {s > 0.
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. The budget constraints of the two countries are given by

d

(12) - X% = X - P*0 + r*K
"and A
(13) x*d = x* 4 P* (5-0%) - r*K.

IIT. COMMERCIAL INTERVENTION BY OCN

Wé assume that OCN imposes an ad valorem tax on éapital exports, t, and an
'expoft tax, T, on commodity X.s By applying Walras' law and utilizing budget
'constraintS'(lé) and (13), world equilibriﬁm in all markets can be deScribed Ey _
,eQUilibrium in tﬁe C and K market$ ;espectiyely. The fdrmer is.given by
(14) 00 -5 |

and the latterAby world interest arbitrage

(15) T =1* (1-t)



Furtﬁermore, international commodity_arbitrégé prevails so that
(16) P = Pr(1- 1) |
We'turn next to thé analysis of stabilify and derive the con&ition under
 which any equilibrium defihed'by (14)_aﬁd (15) is stable, namely that the
international commodity mérket aﬁd fhe international.capitai market, will ré-‘
turn to équilibrium;'once the initiél equilibrium is disturbed. Let us define
the adjustment mechanisms in the commodity market and,iﬁ capital‘movement as
A7) P* = g(0+0%-0 )
as) K- frra-v-]
.where g' and f' are positi?e and g(0)= £(0) =
These .mechanisms , imply that if there is ekcess demand (supply) of oii, its
‘relatlve price will fall (rise) and if r*>r, cap1ta1 -will flow from OCN to OPC.
“The necessary and sufficient condltlons for staﬁlllty requ1re that the
determinant of the Jacobian matrlx Z of the equ111br1um equations (14) and (15)

must be positive and‘its trace negatlve. From (1), (5), (6) and (16),

O(sn +s*n*-B ) . A%~ A |
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where the following notations have been used,
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THe.restrictions on the production functions given in (3) together with (Sj, 6)
and (9) imply the following -

(20a) W,p*> 0, n,n* <0, A,A* > 0;-~B}> 0

Moféo?er, since K; 0 |

(20b)'- §,8%>0

The term in parentﬁesis‘in'e and e* measures the changé in- the marginal pro-
ductivities of capital-whilé fhe second input, §il, is also allowed to adjust
as K changes. Assuming this ;ﬁange to_be negative, it then follows that
20c) e, x>0 |

also. A sufficient cdﬁdition for stabilify implied from & ; the determinént
of Z, is

oy us|n| - < (1-t) wrs*|n|*

In thé.§pecial case where .n=n* and u= u*, condition (21) becomesb

(2i') - C (1-t)s* >s



The necessary and sufficient condition is
(22)  -P*r(sn +s*n* -8 ) € > - K(\*-1) (usn -(1-t)u*s*n*)
Agaih; considering the special case where n=n*, p=p*, and 8=0, (22) becomes

(22") eP*r > Ku(A*-1) (s- (1-t)s*)

We turn now to analyze the effects of a change in the rate of the export
tax t, or the export rental tax t on the world allocation of resources, the
distribution of income between OCN and OPC and the terms of trade. Differentiating

(14) and (15) totally we obtain

(23) 0 (sn+s*n*-8)dP* + (A*-A)dK = - TI%*' Op*sndt
and
(24) -KO[usn -(1-t)u*s*n*]dP* - P*r(se+s*e*)dK = 11% OP*snukdt+P*r*Kdt
whence
' dP* . OP*n .- . > :

(25) T raE [P. Te fI\u (A*-2)] < 0

v __dK ..___‘G_P__",‘nK'- Oc*n*(1i+(] -~ *y . |
(26) r ien)  0s*n* ?)u ) -u8l >0

. dP* - PrreK . |
(27) T - T [x —A]- <0
- 4 S : |

28  f = EEE (snastar ) <0
Equatidn (25) is the terms of trade . response to the OCN imposition of 1 .

*

If the suffiéient condition for stability (21) holds, then gz

that OCN's terms of trade will improve; If (21) does not hold, then the terms

< 0, implying

of trade can move either way. Thus, a stable perverse result is possible in
this framework. The bracketed terms in.(25) determine the direction and mag-
nitude of the change in the terms of trade. The term ¢, which measures the

total change in the marginal productivity of capital, is also the inverse



measure of the degree'of capital movements as a response to interest rate
differentials. The term A*- XA is a measure of the distortion created by
the system of taxes, namely the differential marginal productivity of capital.

More formally, since

1-t

AR L T

)

fhe distortion is positively félated té the lével of both taxes. When
t= 1 = 0, A*=Xx and the marginallproductivity of qabital is equal in the
two countries. |

When the export tax ié impqsed, the supply of X facing OPC falls, creating
- an éxcess demand for X at the pretéx terms of trade.. This improves bCN's
terms of trade. If the impositioﬁ of a tax raises P by more than the terms of
trade effed:decreaées it, thenVP will rise.6 Producers of X in‘OGﬁ have an
incentive to contract production, while OPC producers have an incentive to
expand it. This iﬁcreases the world interest differential T*-r and :capital
will flow to OPC. The flow of capital will dampen the terﬁs of trade effect.
From equation (25) we note that the higher ¢, the lower is the induced capital
 mobi1ityAas a résult,of tﬁe interest diffefential, and the greater will be the
improvement in the tefms of trade. Further, the higher the distortions in the
world's allocation of resources, A*-X , - the higher the probability that
the terms of tradé_will deteriorate. No matter wﬁat happens to the terms of A
trade, equation (26) insures that,éapifal will always flow frqm OCN to OPC.7

The resuits (25)-(26) show a marked contrast to the resﬁlts obtained by
Kemp. and Ohyama (1978) (henceforth referred to as K-0), and expiored by Findlay
- (1979). The essential difference in structure is thét we allow OPC to pro-
diice its an.Consumption good X. In the North-South moﬁel of K-0, OPC's sole
output is oil, 0.8 Furthgrmore, K-0 assume that capital mobility a la Mundell

flows between OCN's X industry and OPC's oil industry, O. Although their



" results are quite flexible and they note:

Specifically it.can be shown that our conclusions remain valid
even if each country produces many consumption goods and many
Taw materials,proyided only that the foreign consumption good
_industries divide into two disjoint subsets, with members of
one subset producing only for the home or export market and
members of the other subset producing. . . only for the local

'foreign market.
Our model‘resembles the current political economy of oii producers and cohsumers_
more closely since:

1) The capital employed in the oil ihdustry is specific so that shOrtQ
run adjustments in the capital stock are unlikely‘to eecur. Variations in oii
sales will usually be manifested hy changed  in inventory or by var}ing the
capital utilization rate rather than by changes in the cap1ta1 stock.

2) If the natural resource in the K-O model does not employ 1ndustr1a1
capital, then no physical capltal moblllty can occur between countries unless
OPC'ptoduces its own ¢consumption goods.

Whether or not OPC produces its own consumption goods is critical to the
results outlined in (25)-(26). In the K-O model the analysis of '"'the scope of
imperialism" leads to the following results,

_ ta) The terms of trade of OCN will undmbiguously improve,v

(b) There will‘be no reallocation of capital, and

‘(¢) The OCN domestie terms of trade and interest rate ‘are invariant to OCN's
policy, |

[point b]. . . displays a remarkable feature of the present
model, viz. the invariance of the world allocation of resources
and choice of production technique to changes in the rate of
export tax and the consequential changes in world prices .
[Furthermore] it is optimal for the self seeking home country .
[OCN]-to exploit the foreign country [OPC] to the limit. Second
the act of exploitation does not involve manipulation of inter-

national borrowing and lending. 'Indeed it is an implication




of cémplefe‘exploitation‘that interhationél indebtedness
remains at pre-intervention levél .9

Our model Suggests that the full incidence of’ the OCN export tax does not fall
entirely on OPC. Desplte the ;symmetrlcal nature of our model, our results
contain two important features,

A 1) There need not be ahy posifive'relationship between the tariff and
the tewms of trade. |

change in the

2) The direction of the temms of trade is 11nked to the sufficient
condition of stability.

-These two ﬁheoretical featﬁfes are similar to the results obtained in an
extended version of the Heckshef—Ohlin model developed by Batra (1977) and
explored by Das and Lee (1979)10 | | 4

~ We now proceed to.analyze how the export tax (iﬁportatariff):affeéts tﬁe '
world's distribution of income. The OCN budget coﬁstraint (12) cén be'writteh.as.-
(29) . y = x¢ = S(P,K-K) - P*C(P,K-K) + T* [o*(P*,K*J;K),R*;K]K |

where y is OCN's level of real iﬂcome. Differentiate (29) to obtain, ' y

dy K ., o1 - B S
(30) e ot P* (———1+T) (aX-0snP*) .+ Com v)b“’“ 0
. % .l‘7
- * .
[aX-0*s *n*u*K-0sP* (1-n)] (325 g "
where o = ;s ;:_ 0. Thé first term in (30) represents the direct effect of

capital mobility upon real income, y. If €6* is less tﬁan unity, then this

will raise y. Generally‘this result is ambiguous because although the

stock of invested capital increased, the direction of the change in the marginal

~ product of capital is ambiguous(measured either in tefms of X or in terms pf éil).
The term a°X captures the reduc;ion in real output dﬁé to the imposition of the
export tax. This has the dual effect of imprbving incéﬁe through the perﬁslof '
trade effect and concommitantly reducing income by restricting the volume of

trade. OsnP* also has two opposing effebts. Since the OCN price of X falls,



10

there are direct gains associated with consumer surplus. This surplus will
however be offset by the improvement in terms of trade. The more inelastic the

foreign derived demand, the greater are the gains from the tax. Finally the

o*p s &

[aX-0SnP*] will be positive if . % el

constant term P¥*. 1
A 1+1

" that is, the share of imports out of domestic value added must be greater'than

11,12

the elasticity of X with respect to input, O.
A funther point of interesf is whether or not a "Méltze:”'effectlcan
take‘placé~sd'thét the export tax will in fact raise OCN's domestic terms of
tradei By differentiating (16) fully and utilizing equation (25), then it can
be shown that if the sufficient condition for'stability (21) holdé tﬁen the
tax effect will outweigh the terms of trade effect.13 Several of the salient

features above can be summarized with the aid of the following diagram:

D K X X"
™
o
Q Z X
\ ' 8
P
X — KK -

FIGURE 1 -

DXBX* is the Edgeworth Box. The contract curve is XX*, a straight line pro—'
viding the countries use the same technology. Pre-intervention production

0. The terms of

takes place at point E where OCN produced Xo'and'OPC X*
. : *
trade between capital and oil, %;jare given by the slope of the tangent, AA,

passing through poinf E. BK.is the stock of OCN capital invested in OPC. By
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drawing B§lpara11é1 to AA and intersecting KK at B, the components of the
balance of paymenfs éan'be seen. BK measﬁres the repatriated interest pay-
" ments on KB, while BE measures the value of X ekported to OPC.( EK is the value
of oil imported by OCN.' World consumption takes place at a.point soufhwest ofA-
E on contract curve XX*. When OCN imposes the export tak it is unclear what
happens to-g;.. Assuming this rises, theﬁ new production equilibrium.will -
" take place at point Ny a point lying below the contact curve,'ﬁest of KK. N
is not a Pareto Optimum point and the difference in slopes of the tangents
at: N reflects the wedge introduced by the export tax. :KK' is the incre;se in
OCN investmenf abroad. By dréwing BM parallél to the world rental rate%%-(xhe
line tangent to OPC's isoquant af N. ), we obtain point M lying on K'k'.
Exports of X have fallen from EK to LM, oil imports from .EK to LK' and interest
payments have increased from BK to MK'.14
- Direct intervention in the capitgl market is stgaeghtforward. Equafions’

(27) shows that a tax levied on repatriatéd income will unambiguously improve
OCN's terms of trade and discourage capital movements to OPC. From (?8j we
Anote that the more elastic n,n* and 8 are, the.mdre effective will the-
“capital tax be iﬁ discouraging foreign investment. The gfeater the distortion

A*-X, the greater will be the gains from the tax in contrast .to the export tax

on X. In contrast, K-O obtain the result that although the tax will divert

capital éway from OPC, it will worsen OCN's terms of trade. In our model the
tax reduces the excess capital éupply évailable to OPC, raiéing the‘international
rinterest rate and ﬁaking it more expensivevfor OPC. to produce.ité own consumption
goods. This unequivically improves OCN's terms of trade. In the K-O model,
the reduction of capital to OPC makes it more expensive for OPC fo produce oil.
The relative price of ‘0il rises thus worsening OCN}s té;ms of trade. Further-

dt

*
more K-O's equivalent of equation (25) for dpr is independent of direct inter-

vention in the capital market,
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. the désired»degree of exploitation can be achieved by
means of an export tax only. The second policy instrument
. . may be used in a Supplementary role, but it need not
be used. (page 100 ) '
They then state their first proposition,

Within the framework of the model the resource poor imperial
economy can eXoloit'the,resource rich colonial economy to any
desired degree and can do this by means. of one policy instrument,
the export tax. Exploitation involves a redis;ribution'of con-
stant world consumption; it is not accompaﬁied by a'reallocation
of productive factors. Hence the self regarding imperial economy

will choose to fully exploit the colonial economy (page 101 )'.
Our modelistressed the importance of iﬁplementing'both policies éimqltaneously.
As steted'earlier, capital mdbility offsets the pesitive gains ‘accrueing to
OCN, therefdre a capital taxbis‘necessary to choke off this channel. .intuitively,
the peculiar asymmetfic nature of the K-O model allows OPC.no leeway, for to |
maintain a basic leyel of subsistence they are entirely dependent on their
" remuneration from oil sales abroad. |
Thus far OPC maintained a passiVe stéﬁce to the OCN intervention.  In order -
to focus on tﬁe-symmetries and asymmetries we now‘analyze the case where OPC
imposes a system of taxeé and OCN does not fetaliate.
-IV. COMMERCIAL INTERVENTION BY OPC
Suppose that OPC.imposed taxes t* and t* on‘the export of oil and the
import of capital services and seeks to set them at levels which makimize its
own consumptionf To what extent can OPC use its monopoly power in producing
oil and'increaee ifs consumption above its competitive equilibrium level? Will
the asymmetrical model yield symmetry of resulte with Tespect to the commercial
policies of OPC aﬁd OCN?
The world arbitrage conditions are now

(31) P (1-1%) 3=p*‘
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and ‘

(32) f (1+t*) = r*

where t* is the tax on 6ii and t* is the tax on foreign investment. The
'A'world terms of trade (as well as OCN's domestic terms of tradg) is now P. We

rewrite OCN and OPC budget constraints in terms of P,
d d ‘

(33 y=x-p0%+rk=xd
and ‘
(34) ~ y* = X* - P(0-0%) - rK = x*¢

By utiliéihg (33) and (34j together with Walras' law, world equiiibrium i§
fully described again by the eduilibrium condition'in,the oil and éapital'
" markets. | |
Stability requires that the determinent of the Jacobian matrix Z* of the
~equilibrium equations (14) and (32) must be posifive and. its tréce negative.

_ O(sn + s*n*-s). A*-)
(35) Z* = _ _

OK[(1+t*) usn -p*s*n*] -Pr*e
wherel* and A are now evaluated at the world terms of trade P. A sufficient
condition for sfability is that
(36) us|n] © < (1+t)urs*|n|*
In.the special case where n=n* and p=wp*, condition (36) becomés
(36") f Cs*> (1+t)s
The necessary anﬁ sufficient condition is
(37) ePr* > -Ku(A*=1)6*- (1+t)s)
Differentiating (14) and (32) totally.we obtain
o1

(38) O(sn+s*n*-B)dP + (A*-A)dK =——_ OP(s*n*-8) dt*
U

.
1-t*

(39) - KO [(1+t*) usn-u*s*n*] dP- Pr* (§ec+8*e*) = OPs*n*p*kdt* +PrKdt

whence,ls
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- % ° _
(40) d_P = . Op_n*s__ [PI‘*E -KU*O\*-}\)

dt* A*(1-1%) % 0
(41) gf* = AQ—IZ%f—:) [S'kn*‘u.(l-t)] > 0 |
(42) g—:* = 'E:K. (A*-A) | <0
(4.:3) . g—lt(;\ﬁ= QZ]:I\ o (sn+ s*n*-B ) | . < 0

Despite the asymmetrical structuré of tﬂe~world economy we ﬁote from (40)
that if the sufficient'cqﬁdition for'stabiiity (36)4holds)th£g 0PC willAuﬁambig-
uously improve its terms of trade. Once again a stable perverse result is
possible if (36) dogsvnot hold but (37) does. The aboﬁe resuit is symmetrical
with OCﬁ's comﬁercial inter?ention; The fact that oil is a factor of production
and X a finallproduct does not-violate the symmetronf the effect of taxaﬁion _
on the terms of trade. However, (41) suggests that capital will agaiﬁ flow
from OCN td QOPC. This i$ an asymmetrical result for it is identical to (26).

: 2 ' ;kl\tz\>
When OPC imposes an export tax on oil, OPC's dome;tic price of o0il will rise.
We should note that the alloca;ion of world resources is ideﬁtical in the case
when OPC imposes an'export tax on 0il (and improves its terms of trédé) to the
case when OCN imposes an export tax on the consumption good (and improveﬁ its
terms of trade).‘ A generalization of this result is that if all traded factors
are specialized, the reallocation of factors due to tariff intervention is
independent of which couﬁtry levies the tariff. |

Equation§1(42) and (43) describe the effects of a capitai tax on the terms
of trade and capitél movements.respectively. If t* > 0, then OPC terms of
trade would detefiorate while capital would move_back.;OHOCN. Thus OPC has
an incentive tp offer a subsidy (t* ; 0) to foreign capital. Their terms of
trade would ihprove, since they would expand production of X as thé rental on

 capital fell due to the subsidy.
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The above results are different from the K-O model. am export tax t* weuld—
impfové9OPC terms of trade (opposite to our‘result). This is clearly due to
the aésumption that OPC does not-btoducé X and that.capital in the'oil industry
is substitutable for capital in the'X industry. A rental tax imposed by OPC
would make capital.more expensive to ﬁse in the §i1 ihdustfy and thus will
raise the international price of éilg'

'it is intuitivelyiobvious‘that the degree of:exploitatiOn that can be
échievéd bj OPC depends on the availability of 6il substituteé. An optimal
policy for OCN would be to increase the elast1c1ty of substitution »between
K and'O. The hlgher the elasticity of substitution the more elastic would be
the. demand for oil by OCN. 1In the special case when the production function haé
the CES form, thevelasticity of substitution is identical to n, the derived’
A:'&Eﬁénd elasticity. By differentiating (40) with respect to n it can be seen that
the degree to which'OPC can improve its terms of trade is negatively related
to ' n. Thus, technologital change that ﬁill extend the substitution possibilitieé
between oil and other inputs will iimit the scope for resource nationalization
~and reduce the monopoly power of OPC.
V. THE ECONOMICS OF OIL EMBARGO

The analysis of commercial policies by OCN and OPC reveals that although
éach country has the power to impoverish the other; the scope of economic
imperialism and of resource nationalization is limited. Although OPC produces
its own consumption good and although it pbssess the natural resource with-
out which OCN's consumption is pinnéd to ‘zero, it cénnot secure for itself an;
~desired fraction of world consumption simply by choosing a -sufficiently high-
0il export or capital import tax. Théfe is, howeyer,‘oné other type of policf—-
imposed tiade restrictions--which might provide different conclusions,
quantitative restrictions. If OPC were to impose an o0il embargo on OCN, how

would this affect the world allocation of resources, and the distribution of

income? In particular, is an oil embargo equivalent to an export tax?16
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We sﬁppose that OPC imposes a:capital import tax t* and an _export oil
| quota Q and seeks to set them at 1eve1$-which yield the greatestjconsﬁmption
for its residents. .

Omitting detailed derivations, we note'that OCN derived demand for oil
is now also a function of the oil quoté set by OPC. . The condition of equili-

brium in the world oil market is

sy - odp.RK,Q + O*d(P*,K*fK) = 0% (P*)

The cdnditiqns.oférbitragezequilibrium ére.now
,(45) : r[od(P,K-K,Q);K-K} (1+t*) = r*[Od* (p¥,ﬁ*+x),K*+x]
and. | .

(46) P = px B

Postulating the same dynamic adjustment mechanisms as (17) and (18), we obtain
the identical stability conditions (36) and (37).

Differentiating (44) and (45) totally, we obtain

(47) O(sn+s*n*-B)dP + (A*-A)dK = -PdQ
. (48)' 61( [Ll*vs*n*._ (1+t*)usn]dP' _ Pr*(58+5*€*)dK = PKp (:1+t)dQ + Prkdt
whence:
(49) A {STIE e Lo Te TV IR
dQ : A .
0 %g ) OEK [(1+t)u (sn+s*n*-8) +u*s*n*-usn(1+t)] < 0
dP _  PrK . :
(52) %{- = OZrK (sn+s*n*-B) <0

, _ taxation on
Like equation (40), (49) implies that an embargo in the presence of/capital

pobility will not unequivocally improve OPC terms of trade. However, if no
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capital tax is imposed,i* =X; since the quota does not drive a wedge between

P and P*. Then '
dP _ P°re

(53 J[= Z

and OPC7terme of trade will definitely improveJhus in the presence of capital
mobility nnder'the assumption that t 5 0, a quota will unambiguously improve

OPC's terms of trade, whereas an export tax on oil will not. The reason lies

in the fact that the embargo equ111br1um appears on the’ world’s contract curve

in contrast to the tax. "It can be seen that the more sensitive is cap1ta1

mob111ty to interest dlfferentlas (the lower is €), the less will the terms of trade

1mprove ThlS establishes the non- equlvalence hetween an export tax(import tarlff)
and an export quota (an import quota) in the above framework. ‘This result is

sinilar to the one obtained by Fal?y 61976)."In‘a Hecksher-Ohlin-Mundell

model he establishes a non-equivalence between an import tax and an import

quota that' as in our model, eminates from the fact that the tariff drives a Wedge
between home and foreign prices and marglnal product1v1t1es of capital whlle a
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quota does not. As can be seen from equatlon (51), OPC has an. incentive to

grant a subsidy to foreign capitaI as in Section IV. In such a case (53) will
only be reinforced. -

A further non-equivalence between tax and a’quota is the drrectlon . of
capital mobility. Since all producers of X face a lower price for the consumptlon
good, the effect of a quota on the 1nterest differential is ambiguous and so is
the.direction;_of capital flow (see equation (50)). Initially world equlllbrlum
is at point P where OPC is exporting EK units of oil. OPC cuts the supply of
oil by DE units, so that only NK' are exported. The world contract curve
shifts to XZ as OPC builds up inventory of X*Z. The world X industry now becomes
more capital intensive and world equilibrium is iocateé at N. In the above
example, the value of repatriated payments falisto Lf, as does the value of

exports The capital stock increases byKﬁK'.ls‘

from' PM to LN.
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From equations (51) and (52) we learn that the effect of a tax on capital
imports combined with an oil export quota is eactly identical to the case where
an export tax is used instead of'a-quoté, In both cases OPC terms of trade

will deteriorate and capital will flow away from OPC into OCN'.19
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' CONCLUSIONS

We have investigated several properties of an-asymmetrical world economy
in which oil is traded for capital services and consumption goods. The di-

rection and hagnitude of the terms of trade and capital flows in response. to

commercial intervention are highly sensitive to the asymmetrical specifications

of the ecenomyzohmen OCN.imposes an'export~tax on the consumftionfgood
(equ1va1ent to an 1mport ‘tariff on 011), capltal will unamblouously flow to
OPC.‘ If the suff1c1ent stablllty condition holds, then OCV's terms of trade
wiil improve. - Analagously,ian export tax on 0il (import tariff on consumption
goods) imposed by OPC will also improve OPC's terms of trade, providinglagain
that the suff1c1ent stab111ty condltlon holds. But'the direction of the
capital flow is asymmetr1ca1 for in the latter case,_ capital'wiZZ again
be»attractedntOHOPC In both the above cases, the flow of cap1ta1 is dlrectly
related to the world dlstortlon in marglnal products of capital.

When compared tp the Mundell-Hecksher-Ohlin model, there are similarities
and differences. In the latter case capital mobility eliminates trade entirely
so that any-improvement in ‘the ferms of trade is entirely offset by the flow
of capital and ail prices refu;n to their pre-tariff leveis. In our'mddel,
capitai mobility also offsets the terms of trade; but the degree of offsetting
depends on the magnitude of the model's parameters. Only in a special case-will
the capital mobility offset the terms of traae4eﬁtire1y.‘ fn fact, our model
allows for.the perverse effect, where the capital mobility more than offsets the
terms of trade effect. 'In the Mﬁndell'model, theAairection of the capital flow
depends on the relative intensivities of the fecfors-employed in the taxed
sector. In our model, the difection in response ‘to a tax (tariff) is unique.

If OPC implements an oil embargo, OPC's terms of Frade will unequivocally
improve, providing the cépital tax, t, is either zerd:or negative. It is un-
clear in which direction capital will flow.‘ These results imply that, in the
above asymmetrical framework, an- import tariff is not equivalent to a quota,

a result established by Falvey (1976) in the traditional two sector model. The
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main reason lies in the fact that in contrast to the tariff, the embargo does

| nof dfive'a wedge between domestic and foreign prices. Since an embargo
doés not distant values of marginal products (in the absence of a cééital
"téx), OPC wquld be more likely to pursue the quantity_restrictions rather
. than~the_téx. When a capitél and export tax are join;ly imposea by~0PC,:the
effect on the termSAOf trade and the direction ;nd magnitudé of capi£a1 |
mobility is identical to thé‘case where an o0il embargo is implemented instead
" of the oil export tax. |

- Finally a_fgw'words about policy proscription. fof précticai'men. If
OCN countries collude, éstablishing an interhational oii consumption cartel,
tﬁen to improve OCN'slterms of‘tradé, OCN must not only levy an export fax,
but should implement an accompanying commercial policy prohibiting OCN
capital - from flowing to OPC. Energyiprograms designed to increase the
degrée of substitution between capital and oil will unambiguously impfove

OCN's terms of trade.



11.
12.

13.

14.

NOTES

The spec1flcty1mp11es that thlS capital is immobile between sectors.
Althou0h the stock of capital in oil extraction is fixed, OPC producers may .
vary the quantlty of o0il extracted, by changlng the degree of utilization
of K, KOS is then serV1ces ‘generated by Ky ' - |

The OPC productlon functlon X*, satlsfles the same restrlctlons
By implication, the marginal propensity to spend is unlty, since we have

by assumption ruled out sav1ngs

The taxes are 1mposed respectlvely on P and r. Thus, an export tax is

equivalent to a tariff on oil. ‘The proceeds are distributed in a lump—

- sum fashionlto.the residents.

See page 9.

This result contrasts sharply with the neoclassical Hecksher Ohlin model

~ where the direction of the capital flow depends on the capital labor

Aintensity of the good being taxed.

. "It should be noted that K-O use the name 'North-South" whereas we have

used "OCN-OPC."

Brackets are our own. .See K-O op. cit., p. 100.

. The .usual Hecksher-Ohlin model (for example, Kemp (1969)), has the
. property that the rental rate depends only on the terms of trade, thus

changes in the allocation of capital have no-effect on the terms of
trade. In the Batra model, the price of factors depends directly on
factor'supplies.
This term would be zero if a Cobb Douglas production function is‘specified.
By setting %% = 0, the optimal tariff may be derived. It will be |

inversely related .to the capital elasticity %—and positively related to n*.

dp _ np*

it = & [P*re(l-s*(1-0t)) -Ku(A*-A)s*t]

The above is negative if P*re> Ku(i*-1). Even if P rises, capital will
still flow from OCN to OPC as indicated by (26)

In terms of oil, the volume of expdrts and oil imports must definitely

~ decrease. However, it is possible for world rental to rise so that pro-

duction could take place north of L on K'K'. In such a case, BM would be
steeper than BB. The latter will occur if es is greater than unity. It

should be noted that if the numeraire were X;.the results would not differ:



Once again the value of 0il importé and X exports will unambiguously fall,
while the change in interest payments will be uncertain.
15. In deriving (40) and (41), for exposition purposes, we made the assumptions that

n =n* and 8=0. The results do not change of course when we relax these
assumptions.

16.‘The equivalance‘bf quotas to tariffs has been discussed by Falvey (1976).
He‘demonstrates‘fhat in a Mundell-Hecksher-Ohlin model a quota is not

equivalent to a tariff for it’doeS'not totally eliminate trade and hence

it is a more flexible pollcy tool.

17. In the Hecksher Ohlin-Mundell model the wedge between home and foreign

‘Prices in a case of tariffs is eliminated because capital mobility

eliminates completely the trade in goods. In our model the wedge st111

exists, because mob111ty of capital does not eliminate trade completely.

18, The equ111br1um could take place to the rlght of KK on contract’ curve XZ

such as point.N*. In such a case rental payments would unamblguously

fall. 1In either case, owners of capital abroad will suffer a real
capital loss.as world rental rates fall.

19. Note that in the case of an export tax (A*- A) is a functlon of 1*, while
in the case of a quota it is independent of Q.- ‘
20. The interested reader should consult Kemp and Ohyama's elegant mathematlcal

model and compare it to the above model.
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The 1973-74 increase in oil prices has been argued to change the
pre-1973 pattern of "economic order" in the world. In econbmiés (contraryv
to politics) we are reTuétant_to use the term revolution (even the Industrial’
revolution was spréad'oven'mOre thaﬁ a cenfufy and nowadays would probably |
“be fermed'"techno1ogica1lchénge".)A Yét;.the hypothesis that the price hike
of 0i1 has shifted many economieS-away ffom their‘previous course is important
for testing giVen future acts by the oil éafte]. The pre-crisis decade was
signified by granting polifica1‘independence to many countries; most of which
are still in the less developed countries category in spite of the massive |
economic aid granted to them. Theée countries constitute only a small fraction
of the wok]d 0il market (less than 9 percent in 1972).1/ Also oil consumption
per capita in these countries is the lowest in the world (partly because of climatic
_effects). Yet either directly or thr0u§h the international trade, the economies
of these couﬁtries are still éffected by the 1ncréase of oil prices.

In this study we ask the explicit question who paid more for the increase
of energy prices - the developed or the underdeveloped countries? When talking
about payments we do not refer explicitly to expenditures on eneray. We have
“in mind the'§1terhative costs in terms of social welfare. IWe'Consider $ix
variables from which costs can be inferred. They are: GNP growth rate or GNP
per capita growth rate; unemployment; capital formation; deficitlin the
balance of trade; inflation rate; and changes of exchange rate. These'six'
1'ndiCatOlr‘-S(.consequences) of thé increased energy prices are obviously not

independent. Furthermore, given possible tradedffs amdng them (e.g.; the

1/ U.N. World Energy Supplies, Table 1. The per capita consumption ih the LDC's
was 363 kilograms of coal while in the developed countries 6239 kilograms,
i.e., about 17 times more.




traditional Philips Curve), they might be man1fested to a d1fferent extent
in different countries, depend1ng, presumably, upon the country's: spec1f1c
marg1na] rates of subst1tut1on in terms of soc1a1 we]fare

In order to assess the 1mpact of the 1ncreased energy pr1ces on the
macro var1ab1es of the developing countr1e5‘one should know the structure of 

the economy and the response‘parameters of-the vafious sectorsnto energy prices.

Wh1]e the latter are part]y ava11ab1e for developed countr1es, none are available -

for the deve10p1ng ones. On the top of th1s, the share of non-commercial
energy is well above that in the developed countries. Also any a;sessment

is seeptieel for predittive purposes due to the'relative1y faster changing_
structure of the deveToping ecenomies (ufban-rura1, transportation means, .
employment behavior).

The ]ow f1gures for per capita consumpt1on of energy might imply that

~in the residential sector most of the energy “consumed is close to the base
necessity. In industry, given the relative lower price of labor, energy
utilized is again close to the minimum required. Thus, the flexibility
'downward does not ekist and would téke_p]ece’only when foreed by major declines
in per cepita income of~by a steep increase in relative pfices. Hence, the
-absorption of the increase in the price'of'energy is main1y not by changing the
quantity - of energy, but mainly by other macro economic variables. Since the
impacts of the price increases are also indirect through external forces
(reduced demand for their raw materials vs. higher prices they have to pay for
ihpdrted‘goods), the balance of payment is a-major indicator for these

effects. . Furthermore if borrowing is an effective constraint, eneray
import queta or heavy duties on 0il imports would have to be employed. The
effect of either of them.on the macroeconomic variables is obvjous.. (See the

work by Hudson and Jorgenson [1978])."



The plan of the study is as fO]]OWS" The effect of an increase in
the pr1ce of a maJor imported 1nput on each of the six economic .variables
is traced out. Then the performance of each of the six var1ab1es in the 1962-
1972 period'ié related to the level of econom1c development. The same is done
for the 1972576‘period. The differences in”oerformances‘between the two time
periods are assigned to?the increase of energy prices.h The main statistical tool’

empioyed in the ana1ysis is a correlation analysis_between'variables.

‘Production-Growth Model

For simp]icfty sake, we concentrate only on energy as a distinctive
input in addition to the two domestic 1nputs, labor and cap1ta1 (disregarding -
eraw materials wh1ch may also be 1mported) To allow for a rather f]ex1b1e but
close to reality product1on function, we assume that gross output of the ‘
economy s Q. is produced according to the following (in the short run) relation .
among inputs Y |

| | . o -0 71/p
0z min[Aert(GL((? U L) (IO -y L) )Y B(EE]

T

where L; I and E denote labor, 1nuestments and energy, t and Tt stand
for time, which also represents technoloaical progress. The latter is either
disembodied with parameters & and g8(t) or, embodied in labor and capital
(LT,IT). Labor and capital are substitutes. The e1asticity of substitution
between them is o = ]/1 + p; i.e. constant but not necessarily unity (dated
back to Arrow et al (1961)). Labor and capital together account for most of the

value added of the economy. Energy is used in a fixed proportion with value

1/ AThiS'specific formulation is used since it serves as a hypothesis in
a current study (Fishelson (1978)).




~added.. Energy, E, 1is obtained from two sources, which are perfect
p‘substitutes, a domestic seurce, Ed, and a foreign source,- Ef The returns
to the domest1c source account1ng wise are part of the recorded va]ue added
of the economy, usua11y def1ned as GNP

Hence,

GNP = Q - E¢ . PE/P

where T is the price of energy in terms of the domestic product.

u . and U

L’t-T K,t"‘f
of vintage . UL is known as unemployment rate while (1 - UK) is the

are-the unemployment rates of Tabor and cap1ta1

capital‘utilization rate. When UL = UK =0 for all 7T the economyris at its
maximum potentia]dGNP. The~productfon function also implies that regardless .of
how large B8(t) is (its inverse is the.outpdt-effective energy, ratio), some
positive quantity of energy, Et,~'has still to be used. A declineiof'”Et
everything else'constant, if not compensated for by an increase ot 8(t)
(energy saving technological change), would also cause (Léto decline.

. Because of the infinitely elastic supply of oil in the past, energy
.ftou1d.not have been the limiting factor’to:economic growthr The'grpwth rate -
was determined by the growth of 1ebor and capjta]ﬁand the rate of'techno]ogical
progrese. This growth rete would equal the growth rate of employed eneray
if there would not have been technological progress in energy utiJization.

(The proddction function was assumed to be of fixed proportions at a given point
in time, but of vary1ng proport1ons over ‘time). For examp]e, in the U.S. in the
1929-66 per1od GNP grew at an annual rate of 3.29 percent labor at a rate of
1. 15 percent capital at a rate of 2.20 percent, and their joint 1abor cap1ta1

. productivity at a 1.89 percent rate. 1

1/ Kendrick . W.,  Postwar Product1v1ty Trends in the Un1ted States, 1948-1969,
Columbia Un1vers1ty Press for MBER, 1973, Table A-17.




With no prodﬁctivity change in energy uti]ization, energy would have had -
to increase by 3.29 percent. It grew, however, af a rate of 2.35 percent;
implying technological progress in‘jts usage of 0.94 percent.l/ Note that' 
the technicélvprogress in energy was only one half of that»of the tapfta]-

j Tabor complex, thus its physical quahtity grew at é higher rate thén either

labor or capital. Hence, the increased energy/tabor and energy/capital ratios.

The Macro Economic Model

In this note.we do not attempt to develop a comp]ete:macroeconOmic
model. We sign out of a macroeconomic model the elements that are relevant

to the questions asked. These relations are:

The ecohomy produétion function
Labor market relations -
Capital services market relations - .

~ Energy market relations

)
)
)
)
e) Output market ré]ationsx
). a GNP identity
) - a total energy identity
) an exchange. rate re1étion
)

a domestic price level relation

. The model is restricted to the real part of the economy although the
qqaﬁtity of money explicitly appears in the domestic price
equation.
.The model contains four exp]icﬁt'marketsJ Thé first is of output. Sﬁpply
is determined by technology and input prices. Demand is détermined by-domestic
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1/ Internal Calculations. Energy consumption in 1929 was 24.6 10'° Btu and

in 1966 56.6 10!°Btu.



GNP, domestic price Teve1 and'foreign demand. The labor market (a market
for each vintage of labor) consists of a downward sloping demand which is

the marginal product of labor and an

| ‘ ‘upward sloping supply which might become 1nf1n1te1y elastic at current nominal
wages. The upward sloping part depends upon nom1na1 wages and pr1ces If one
believes.in money 111us1on then the e]ast1c1ty with respect to nom1na1 wages
(pos1t1ve) acceeds that of the absolute value to' the e]ast1c1ty of pr1ces
| (negative). The cap1ta1 market as that of 1abor is for cap1ta1 serv1ces, i.e. it '
is not explicitly a market for investment, a1though the 1atter can be d1rect1y
1mp11ed from it. _
The energy-market consists of an .aggregate supply curve which is infinitely
elastic at the international priee.. The demand for energy is downward sloping,
since (as that for 1ahor'and capita]) it is the margdn&] product. Yet, at the
short run, for given amounts of 1abdr and capital employed, the demand for energy
is inelastic due to.the fixed proportion production tunction
The four markets are presented d1agramat1ca11y (forma]]y in the Appendix

Y

with the other equat1ons of the macroeconomic system)

~ The Effects of Increasing Enerdy Prices

To trace out the effects of the exogeneous increase of the price of imported
energy on an economy, we go through the diagrams that describe the four markets.g/'
" The first effect was obv1ously 1n the energy market. The horizontal line PE

sh1fted upward. A]though the quant1ty of 1mported energy d1d not change 1mmed1ate]y

1/ At th1s stage of the study we do not estimate the parameters of the system.

2/ An alternative procedure is to derive the reduced form equations of the macro
economic system and to predict from them the effects of energy pr1ces
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(unless the demand is not infinitely inelastic), fhe’dréin of payments qu
611 out of the systém'increased while only part of it returned inAthe form of
demana for produced goods. In the output market, the supp]y,' SQ, immedfately
shifted upward due to the increasgd'price of an input while, DQ,- falls due
to the'iower‘ domestic and insufficient growth (or decline) of foreign demands.
Equilibrium output obvibus]y declined while the effect on domestic prices is
- a priori uhdetefmjned dépending'hpon the re]ati?e shiffs of the demand and the
Supp]y. (We know, howeVer, that prices did increase){

The decline in desired output leads to a decline in the inputs employed.
In the labor mafket, 1qbor sdpp]y, SL’ moved upward due tolthe dome;tic price
jnérease while demand, 0, ~moved downward. With wo as.a lower bound to any -
equilibrium nominal wage rate, the result is higher nominal wages and:unemp1oyment;
In‘the capital-market, the supply curve of capital services is almost horizontal
Up to full utilization bf the existing stock, and then becomes vertical. Here, |

due to the shift of demand, D downward, while" SK js fixed (short run),

K’
capital utilization declines (it is measured from the vertical 11ne K°

thus discouragﬁng new fnvestments (un]ess,they are_w1th higher B(t) -energy
sav{ng)- The circ]e closes when the demand for enérgy shiftslleftward from EC.
'Furthermore domest1c energy substitutes somewhat for 1mported eneray.

To summarize the results, we find that due to the 1ncrease of eneray pr1ces
the real GNP declined, unemp]oyment increased, demand for new investment decTlined
(ihdirect1y'since the uti]izétion rate of exisfing capital declined), and the
“domestic price level increased. It is also expected:that the deficit in the
current account increased. Whaf happened'to the exchange rate-is not obvious

given that it is the ratio between price levels in two countries (the purchasing



power parity theory)but may also be a function of the relative deficits in
- the balance of payments (thé monetary apprbachlto thé balance of payments).
The‘descr{ption abbve is é'comparative statistics analysis of an increase of ,

'thé price of an imported input. The dynémiés of the effect, the path of the
‘movement towards the new equilibrium also involves thevtimeAdimensioh.and its
effects on the economy (population growth, technological pfogress). Thus,
in one country the new (dynamic) equi]ibrium‘may be_reached within a short period
of time whiie.in another country the process of adjustments-may bersist for a
longer pefidd. The‘factor54that affect the 1ength-of the édjﬁstment period‘are
the hnatura] rate" of economic growth, the rates of techhologica] progress and

the mix from the energy intensity point of viéw of the products produced, consumed
" and traded ihternatioha11y.. The more energy intensive is the mix of each, the
o s]oﬁer.céteris paribué will the adjuétment process be.  However, the energy-v |
}fntensive econdmies might also havebrelatiyely'higher rates of téchno]ogica]
progress,lor; emp]dy technologies with larger elasticitfes of substitution between
energy and other inputs, fhus'making the édjustment process less costly and
shorter in time. |

| In the following weAe£am1ne thejreéctioh of the various economies to thé
1973-74 increase in energy prices.. We do not imply that a new steady staté
equilibrium was already reached by 1976, the last year fdr which most of the data A
are aVai1ab1e. Yet, we suggest accepting the results up to that year as indicators

to the direction of the final comparative statics.

Empirica]’Observations

_As noted above, we relate the relative changes in the macro-economic

variables affected by energy prices to the absolute level of GNP per
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cap1ta -~ WeAexamine each of the we]faré'variables independently. One wou]d,
however, like to analyze the behavior of the<whd1e list of the hacfo economic
variables invthe pre-1973 period and in the post-1973 period simultaneously,
checkfng for Structufa1 changes in the system-and specifically identifying the
1hpact of the exogeneous shock - the increase of the prjce of 0il. This task
cal]é‘fbr a detailed and fully specified macro mode] Which, at this stage, is
beyond the scope of the current reseafch.. |
The data sources are.OECD'publicatioﬁé; United Nations pub1i§ations, and
the Intérnaﬁioné] Monetary Fund Pubiicatidns. .Those of the OECD, while containing
~the most detailed data,'are Timited to bECD members ,- only some of which can be
consideféd'an underdeve1opéd country.(the Towest income pér{capita in 1972 Wés in.
.Turkey $435.) Thus, for éouhtries with per capita income in the below-$500 per
"annum, other stat1st1ca1 sources are explored Néedless to say, for-these countries 3
the: information is not comp]ete. The missing data ovefWhe]m the existing data |
the further into the past one goes; Qualitywise, we exbect it to deteriorate
‘ the.further into the past we dig, but ho judgemeht can be passed. ThiS‘led us to
divide tﬁe analysis into that related to OECD countries and to one related to |
deye]oping-COuntries : | ‘ | | ‘
The OECD sample consists of 20 countr1es (the exéludéd ones being Austra]ié,‘
New Zea]and Luxemberg and Ice]and) The results are préSehted'in,Tab1e 1
yn the form of correlations between the macro-economic variable and the variab]é
which characterizes the'COUntriés as td the level of development-GNP per capita.

The GNP per capita data are as of 1970;

1/ The social welfare function we have.in m1nd is (obviously more variables can be
- added): W = F (GNP per capita, GNP total and per capita growth rate, capital
formation, unemployment, inflation rate, deficit in the balance of payment,
exchange rate). The first three variables have a positive effect of'welfare
while those Tisted from unemployment have a negative effect on social welfare.
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The results in terms of consequences of the 1ncreased 011 prices are
c]ear]y in favor of the high per cap1ta GNP. In the 1972—76 period the increase
of the consumer price index was more strongly negatively linked to the GNP per
capttarthan in ‘the 1967-72 period, while the arowth rate of per capite GNP
which in the pre 1973 period was negetively correlated with the level of GNP,
in the post 1973 period the negativity almost disappeared

. The deprec1at1on rate of ‘the domest1c currency aga1nst the U S. do11ar
was also at a re1at1ve1y 1ower rate for high GNP per cap1ta countries. On the
vother hand the,negat1ve-correlat1on between GNP per.cap1ta and unemp1oyment rate
_that was observed previously has weakened. The variable which was not affected
was capitat'formation which remained mildly correlated with per capita GNP as
before. |

Table 2 contains correlat1ons which 11nk the econom1c oerformance
varlables with energy ut111zat1on It. turns out that the stronger was the
dependence upon oil (percent of 011 in total energy required) the 1ower was .
the growthArate of GNP per capita, and. the larger was the inflation rate. The
correiations are small for capital formation, unemployment and'exchange rate
.deprec1at1on | AA |

The results for growth rates of "tota] energy requ1red" and e]ectr1c1ty
generated support each other as do the pos1t1ve relations with the»growth rateS'ot
GNP per_capita in the pre and post 1973 periods. Of specia] interest are the
consistently high correlations of the growth rate of capital formatjon and
the growth of‘tote1 energy and electricity requirements. Unemployment and exchange
rates are actually unaffected by the growth of energy requirement.

Hence, the estimated correlations establish once agein the positive Tinkage -

between GNP and energy usage (see Darmstadter (1978)) except that we show it
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for rates of growth (they do it for abso]ute 1eve1s) It turns odtvthat
econom1es w1th high per capita GNP are more capable of m1n1m1z1ng d1verse
effects of exogeneous 1nterferences in the markets at which they purchase’
1nputs (and 1f generalizing in the form of a hypothesis a1so in markets at wh1ch
they sell their output).  These conclusions indicate that the less developed
countries'areethe dnes_thet suffered relatively more from the increase in oil
'prices given that the re]ations3f0und for GNP per capite at.the above $500 ‘
can be extrapo]ated to 1ower 1evels | o | |

Due to data def1c1enc1es we present only one check for the: re]at1onsh1p

o
between growth rates of energy used and the growth. rate;GNP in the LDC's. We

~assume that if it exh1b1ts the same pattern as that for deve]oped countries
the other relat1ons (not tested exp11c1t1y for the LDC s, but only for OECD) are
also the sdame, i.e. the conc]us1ons reached above hold forycountr1es in the |

below $500 GNP per capita.

The Developing Countries

| The data for the develbping'countries are available for shorter time -
spans than-those for the-OECD countrjes. AFUrthermore, since most of the LDC's
are located in geographical areas which do not require épace heat, and

air conditioning is a major luxury, the per capita eneray consumption is 1ikely
to‘stay,at Tow levels, even when GNP per capita increases. Other characteristics
that cause inaccuracy in.the data and mtght bias the estimated pattern of growth
“over t1me 1; the re]at1ve1y 1arge rural farm population which cont1nuous1y
migrates into urban areas. - The data on energy consumed is for the more modern

sources (o0il, gas, coal and.e1ectric1ty) whi]e other sources (wood) are more

1ikely to be used in the rural farm areas.
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Simitar problematics are re]evént also_fbr the GNP data. The

- growth of the modern sector simultaneously with the.decay of the traditional

farm sector is 1ikely to show a positive gain erén if the real net gain in terms
6f national produbf is nil (the traditional Seétor is hardly accounted for).
These reasons lead us to a mdre general analysis. Table. 3 contains data on total
consumption df energy and of GNP in 1972 and 197641n 20 deve1opinq'countries. |
In order to avoid standard1zat1on of GNP(given in domestic currency) by the

- off1c1a1 exchange rate (wh1ch is less representative of the true purchasing power
parity, the 1essvdeve1oped the country is) we tabulate rates of growth of energy
consumption and total GNP. The correlation coefficient is positive:0.38 which,

although not significant, points in the expected direction.
Conclusions

In this study we provide new eVidence for the argument that the countries who
carry the main burden of the increased energy prices ére'the less developed ones..
We did not investigate the reasons for it nor the haths through which the |
burden channels into the economy. Studies onrproduction'funéfions-do suggest
thaf the main avenue through whfrh:input prices affect the national economy is the
_ possibility of substitution between other factors of production and energy.
When the e]ast1c1ty of subst1tut1on is smal] e1ther output declines as the price
of the 1nput increases (ceteris par1bus with regard to all other prices), 1mp1y1ng
thé increase of unemployment and the decline in capital formation or, even
with‘no change in output'thé price of output would necessari1y increase leading
to an inf]atfonary process. |

In the real world the outcome is a mix of the two possibi]ifies. As shown

in the data all countries experienced both inflation and unemployment to-a 1argér
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extenf in the 1972-76 period than in previous years.  le relate it fo the
increased éhergy prices. This is somewhaﬁ an exaggeration given that other .
exogeneous disturbances é]so‘wefe.present (such as weather effects). To |
find the net effect of thebincreased enérgy prices on thevmacro-econqmic'

variables each country specific macroeconomic model has to be estimated.

TABL E 1

CORRELATION' OF MACRO VARIABLES WITH GNP PER CAPITA»20 OECD COUNTRIES

: Variable | , ' ' : : o Correlation ‘

Consumer pkice index growth rate 1962-1967 -.55
Consumer brice index growth rate 1967-1972 -.52
Consumer price index growth rate 1972-1976 o ~ -.86
Gross Fixed Capital Formation Growth Rate 1962-67 . ~ -.46
1967-72 -.46

1972-76 -.48

GNP per capita growth Eate 1952-67 -.36'
. 196772 -.52

| 1972-76 -.08
Unemployment rate (average) | 1962-67 | -.40
o | 1967-72 .36
1972-76 -.28

Exchange rate growth rate* E i967-67 -(24‘
| 1967-72  -.46
1972-76 -.58

* The depreciation of the domestic currency against the U.S. dollar
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TABLE 2

CORRELATION COEFFICIENTS BETWEEN ENERGY CONSUMPTION VARTABLES '
AND ECONOMIC PERFORMANCE VARIABLES 1972 and 1976, 20 OECD COUNTRIES.-

(1) (2) (3) (4) . (5)

% 0i1 in Total energy required 1972-.36 .39 -7 -2 3

Same for1976 - -.40 44 06 1723
Total energy requ1red growth o ‘ : : A
rate, 1967-72*% .74 -.14. .55 .07 -.14
Same for 1972-76 ' .40 .35 .43 -.03 .09
"Electricity Generated, Growth : o _ '
Rate, 1967-72* B K .44 .39 .18 - .25

Sahe for 1972-76 , .61 .30 .52 -.04 .19

(1) GNP per capita growth rate 1972 76

(2) Consumer pr1ce index growth rate 1972- 76 A

(3) Gross fixed capital formation growth rate 1972-76."
(4) ~ Unemployment rate (average) 1972-76.

(5) Exchange rate growth rate 1972-76.

*  The correlation is with the variables (1)-(5) in the 1967-72 period.
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TABLE 3

LESS DEVELOPED COUNTRIES, GNP ENERGY CONSUMPTION
AND GROWTH RATES - 1972-1976*

‘Energy Consumption

GNP o ~ Growth Rate ~  Energy Growth Rate
Ghana 1972 5441 - 1.447
1975 6044 3,52 1.619 - 2.85
Liberia 1972 807.2 o 698 :
- 1975 - - 855.0 1.95 NV .74
Zambia = - 1972 105.8 2.312
T 1976 134.6 6.28 2.814  5.03
Argentine 1972 1235. 43.045
1976 - 1309 - 1.47 46.404 1.89
Chile - 1972 46472 11.827
1976 43996 -1.36 . 10.323 3.3
Paraguay 1972 - 155.3 .345 _
1976 204.8 7.16 - 515 . 10.53
Peru - 1972 473.1 8.655
1976 571.7 4.85 10.366 4.54
Uruguay 1972 7634 2.941 -
1976 8491 2,70 2.964 . .20
Costa Rica . o
1972 14478 . : .903
1976 17528 4.90 1.016 2.99
E1 Salvador o
o 1972 . 3914 771
1976 4757 5,00 1.073 | 8.61
Guatemala 1972 3.148 1.282
: 1976 3.924 5.66 - 1.607 5.8
Honduras 1972 1998 o esT

1976 - 2265 j ' 3.19 - .748 -~ 3.30
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TABLE 3 (Cont'd)

GNP - Growth Rate Energqy =~ Growth Rate
Nicaragua 1972 9204 - .787 ‘
1976 12513 o 7.98 1.068 7.93
Cyprus 1972 394.4 ’ | 1.116 |
| 1976  266.2 -12.30 959 -3.72
Jordan 1972 254.0 . .838 o
- 1976 364.0 9.41 . 1.464 14.97
India 1972 - 629.7 : 108.62 -
1975 .720.6 4:60 132,92 5.18 .
Korea -~ 1972 6705 . T 26.67 '
1976 10663 12.19 36.58 . 8.22
Pakistan 1972 98.03 o : o M3
* 1976  117.71 4.68 13.11 3.62
Phillipines 1972  92.63 1.8
| 1976 122.07 7.14 14,38 6.49
Thailand - 1972 239.7 | - 10.18 -
1976 320.6 o 7.55 13.22 6.73

* GNP is in units of domestic currency in 1970 prices; Energy is in millions of tons
‘ of coal. ‘

Sources: 'GNP Internétioné] Monetary Fund, Financial Statistics.

Energy - U.N. WOr1d Energy Supplies.
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APPENDTIX

THE ECONOMETRIC MACRO-ECONOMIC
MODEL

1) Output Production Function(Domestic Supply)
: ) S I
Q= Min[a(t)(AeAt(GK((1-UL)L) ° + 8, ((1 - UK °)) /p,B(t)E]

2. Labor Market-demand‘(for each vintage of labor)
4= 1du,p)
3) Labor Market-Supply (for each vintage of labor)
CL(W,P) W2 W
LS = o
4_ 0, W<W
4) Capital Services Market Demand (for each vintage of capital)
. Cd - Cd(‘Y‘,P-,W}?

5) Capital Services Market-Supply (for each vintage of capital)
CS = yK .
6) Stock of capital (for each vintage of capital)

K = ('l-d)Kt + It

t+1
7) Investment (potentially f6r each vintage but with meaning only for the last one).
I=1I(r,P,m)

8) Demand for Energy
Ed = Q/B(t) + E(Consumption)

E(Consumption) = E(GNP,P,P_)
9) Supply of Energy (  imports > 0).
S

Eq = f(PE) domestic sources
PE-= PE | fokeign supply

S .S
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10) Demand for the output o -

o¢ -

Q(GNP, P/P}GNP*) = Qg + Qe
11) Gross National Product

GNP = Q - PE/P . Ef
12) Exchange Rate

R = R(P/P*, DF)

13) Deficit in the Balance of Trade

S
OF = P . E. - Q¢

14) Dohestic Price Level

P = P(,r.Pp)
NOTATIONS
S99y -u
T T .

2(1-UL L, = (L L

T T T

L)
where »r-Adenotes vintage of labor

T
where 1 dehoteé vintagé‘of_capital.
| W - nominal wage rate

P - domestic price level

- P* foréign price level
r - rental coét of capital
[ - gross investment:

d - capital depreciation réte

Ef foféignfsupp1y of energy

(1 - UKT)KT = z(.YTK-T --ch) = (1 - UK

foreign demand for domestic
products

domestic demand for domestic

products

foreign pkice of 01l

expectations for 1nf1atioh
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