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I -~ Introdution

Ever since the o0il embargo of 1973, that culminated
with the quadrupling of the international pricés, numerous
articles, both empirical and theoretical, have been written
on the subject of‘the energy—ecoﬁomy relations (See‘Manne
Sweeney [147, Hudson & Jorgenson [ 7 7], Nordhaus (12,13 to cite
a few ) . Most of the macro-energy models developed and
analyzed had the framework cf general equilibrium in a real
system with a 1ong—fun perspective. Imported energy independence
being the ultimate target, would be“éroéerly stimulated by an
increase in relative prices that would trigger the process
of substitution and conservation. Structural rigidities that
characterize mog\economies, at least in the shork—run, have
been by large qeglected in these studies. As a result their
energy policy implications could always be consted on the

- . : . , o . . -
5asis of short-term arguments and their implementation
surprised in the short-run. It is widely recognized by now
‘that these models were over&y optimistic in their projections
(see Deagle et. al [ 3] ) théh\suggests that there might

have beea some "missing links" in their representation of the

energy-economy interactions.

The problems faced by most oil-importing.economies,
developed and less—dgveloped, in the'procéss of imported
energy substitution very much resemble those faced by
industrialfﬁing economies during the stage of imports

substitution (sece Hirschman[ 6 ] & Furtado[ 4 3) in the



50's and 60's. The impact of the energy crisis upon the economic
system 1s similar go that of dther supply shocks as; for
instance, a crop failure. The dilemma betweén inflation,

foreign borrowing and recession characterizes all sorts of

supply shocks. .

The peculiarity of the ehergy problem that
distinguishes it from other supply shocks is that the increases
in 01l prices shall continue into the futﬁre. Hence, én
adequate response of the economic system'must have as 1ts
mainfobjéctive the reduction of energy dependence, which is not
the cése for agriculéural sector after a crop failure. For the
latter the éhoice between an éccomodotaing policy (inflationary)
and a non-accomodating policy (contractiongry) Aepends only
vupon>how much society is willing to pay in terms of output
recession to avoid strengthening the inflationary procéss@'

In this paper4impofted ene;gy subétiﬁutibn is
analyzed from the point of view of an economy regtrained by
the balance—of—ﬁayments, th;t follows an indexation rule for
domes;ic factor prices and has chrouicai unemployment. Whilé
not many economies bave all three characteristics, the issues
of unemploymént, indexation or the inflationary spiral and

the foreign exchange bottlneck are, to a certain extent,

common to all less developed oil importing economies.

In section two we establish our basic framework of
‘nalysis. The distribution of losse  when imported energy

pricés increase is discussed under different hypotheses on



domestic factors price rigidity., In section three, the
equilibrium analysis of section two is extended to an
intertemporal context. An approximate representation of the
process of indexation allows us to relate the acceleration
of inflation with the intrease in the domestic real price

of energy imports.Via substitution output growth is also
related to the price increase. Section four establishes a
stfuctural trade-off between output growth and the acceleration
of inflation for indexed economies restrained by the
balance-of-payments. Alternative energy ﬁrice trajectories
are évaldated, throﬁgh the minimization of the integral of

a los§ function relaging the rate and the acceleration of
inflation, in.section five. In section six ;he growth
implications of alternative energy price trajecforieslare
examined. The growth/inflation trade-off is further explored
in section seven when we assume for the determination of
energy price paths that soc1ety is willing to accept further
acceleration of 1nflat10n 1nvexchange for higher output
growth rates. Lastly, section eight concludes thig work

summarizing its main results.



I1 - Income Distribution and Energy Prices

Following Mannel 9,100 and Sweeney [14] we characterize

the economy by a single output aggregate production function

F with two inputs : energy E and non-energy R, an aggregate of
. . ‘ . ' 1. .
the domestic facgprs of productiontcapital and labor . Production

possibilities are then represented by

Y = F(R,E) F, >0, F, >0 (1

where Y denotes the output level. We further assume that F
displays constant returns to scale and marginal productivities
are >positive .. Under these conditions we can derive the

economy's input-price frontier

f(v,q) = 0 £ >0, £ >0 (2)

which establishes an inverse relationship between real
aggregate value per unit produced - v and the real energy price
q. Observe that unit real aggregate value, the aggregate price of

domestic production factors, is defined by the real wage

divided by average labor productivity‘plus unit prdfit.

Our economy is subject to a balance-of-payments

restriction on payments for energy import52 of *he form

B =.q* % Y (3)

Empirical evidence on the possibititices of such appregation is contrndictory
see Berndt & Wood 1,27, Criffin & Gregoury” 5] and Hudson & Jorgensonl 73
) .

We assume frem here on that all enerpy is inported. The domestic energpy
sector has been mereed with the rest of thie cconomy. For a disaggregited
analysis alons these lines sce Lopes/Modisno {11 1.



where q* denotes the international price of energy and B, is

the éurrént account deficit plus liqpid exports of go;ds and
services. We assume that B is given exogenously byvinternafional'
liquidity conditions, world trade and the level of the
accumulated foreign debt. Domestic real prices and international

prices are related by

q = (l1-z)eq* ' %)

where e denotes the real exchange rate assumed constant
throughout by a purchasing power parity rule and z the subsidy

rate.

Without loss of generality we specialize our results
to a constant clasticity of substitution pronction function in
(1) which provides us with the minimal representation required
to.study thé p;ocess'of igpbrted energy substitution. In this

case

E = aY q 0 £ g 51 : | (5)

where a is a constant and o denotes the elasticity of

substitution.

The simple model of the economy described by (1) to
(5) permits us to derive the following conciusions concerning
the distribution of recal income losses generated by imported

energy prices increases

i) In an economy where real wages and profit margins

are fixed,through for instance perfect indexation,

(=

R
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energy substitutionr will not be promoted via
domestic energy price increases. As v is constant
in (2) if the increase in international prices is
passed along to the nominal domestic price it will
only provoke a corresponding increase in the
output price $0o as to keep the real price q
unchanged. From (5) the energy/output ratio
remains therefore constant. The acceﬁtance of
higher rates of inflation does not relieve the
economy 6f_the foreign excﬁange bottleneck wupon
growth implied by (3). From.fhe viewboint of
coﬁtrolling>inflati6n, the optimal solution
consists of increasing subsidies z in (4) to
stabilize the domestic nominal enefgy price.
Clearly, this policy cannot be supported for

a long period of time.

When profif'margins are fixed bué fh; real wage'
adjusts, the increase in the doméstic real

energy price- requires a decline in real wages according
to the input price frontier in (25. Substitution

is induced with the retraction in energy demand

for ¢ > 0 as given by (5). In developed econonies
we could expect the decline in real wages, at

least in the short-run,to follow the retraction

in labor demand associated to the existing

.capital equipment. However, this natural

adjustment process vii the labor market is most



’unlikely in less developed econoﬁies'forAwhich
labor supply is, for all pufposes, perfectly
elastic and there are well-defined wage policy
rules such as explicit indexation. In this case

the decline in employment will not have a

significant impact upon real wages. Even if
. _ ,

the government is willing to accépt the onus

of a wage control policy, the shbstitqtion of
energy imports in less developed economies will
not be without major social costs when profit
margins are kept unchanged,

Lastly, there is the possibility of adjustment -

[
[
[

~r

to higher world prices through a decline of the
profit margins which also reduces v in (2). As
the energy/output coefficient falls, in reuﬁénse
to the increase the dqmes;ic gri¢e, a slack in
the balance—ofqpaymenfs restriction (3)’permits
a rise in aggregate output. Hence; it is not
possible to evaluate a priori the effect pf the
reduction of profit margins on aggregate profit;
However.if, as a result of this policy, profit margins in

the economy fall significantlv the investment financing

requived for actual encriy substitution mav be imnaired.

We conclude that the adjustment of the economy to

external shock, such as an incr-evise in imported energy prices,



requires a change in the relative price of the factors of
production with considerable impact upon the distribution of

income. The resolution of distributive conflicts is essential

«

to the effective promotion of imported energy substitution.

In the following sections the analysis is, for the sake of

simplicity , carried only in terms of a real wage adjustment.

The main results are still valid for an adjustment through

profit margins or a combination of both under a social pact.



ILI - Th

(S =

Dynamics: of Crowth and Inflation

Under the assumption of constant returns to scale for
the aggregate production function F and efficiency in production

input payments exhaust output or, in other words

P =QE + WR
Y Y

where P denotes the output price (general price index), Q deno~-
tes the nominal cneryy domestic price and W denotes the nominal
price of the aggregéte Adn~énergy factors of production.

Taking natural logarithms and.differentiating with respect to

time we obtain that3

-

P = sa + (1-s)w (6 )
where s denotes the cnergy share QE/PY. Furtherﬁore,’Sincc

w = W/P and q = Q/P,

W=wswp 3 (7))
and, - - -~
Q = q + P ( 8)

Substitution of ( 7 ) and ( 8 ) into ( 6 ) yields the dynanic

version of the input-price frontier

sa + (l—s); = 0 : (9)

3 - :
The hat """ denotes the derivative of the log of the variahle

with respoer. Lo time.



The economy is indexed by assumption. The process of

indexation is represented in continuous time by

;J(t), = E(twr) . >0 - (io)

where 1 denotes the average lag between wage adjustments and the
‘general price index increases. For a perféctly indexed economy
t = 0 and increases in output pfices are instantly passed along
to the domestic factors price. For a highly indexed economy we

fo.
expect T to be small and (10) can be approximated by’

-

W =P ~ P (.11 )

which is the continuous-fimé analogue“df‘tOpes-ﬁacha (8 1
‘discrete-time representation of indegétion. In the discrete
analysis 1t is inversely related to the‘number of wage adjustments
per period. Equation (11) can be¢ combined with expression (7 )
to yield
| R | ¢ 12)
. .
which states‘that the real wage falls when inflation accelerates
(é >0) and rises when inflation déceleraﬁeé (é < 0). The real
wage only remains unaltered for a constant rate of inflation

(P = 0) or under perfect indexation (t = 0).

Using ekpressions (9) and (12) we can solve for the
acceleration of inflation consistent with the change of the enefgy

domestic real price

The dot "." denotes the derivative of the variable with
respect to time. Hence, 8 =31/X.
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P = ————— q. (13)
(1-s)
The coefficient s/l-s measures the vulnerability of the

-~

economy to changes in the energy price as, for given Tt and gq,
the larger is this coefficient the larger is the inflationary
impact of an energy price increase. For small energy shares the
vulnerability of the economy can be approximated by s. Also the
higher is the degree of indexation of the economy, the lower is
T and the larger is the inflationgry impact of a real energy
price increase. Equation (13) reexpresses‘the distributive

conflict of section two in terms of an indexed economy. If real
domestic féctors'pricésare kept constant by perfect indexation
(t= 0) any attempt to increase the ecnergy real price q will )
only generate a step increase (; = 4+ =) of um\sdm;magnitude as

6 in’the rate of inflation §.

”.Grdphically relation (13) is represented by the

inflation-linein Figure 1 . When energy demands have the

format ( 5) the share is given by
. . : aw

Notice that for o < 1 the energy sharce increases as its real domestic price
rises according to

s = (1-0) q.

Hence, for a given initial share the inflation-1line

rotates counterclockwise with 4 increase in the energy price

as also depictad ta Fivore . A constant positive rate of grecwth
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of the rcal domestic price requires a permanently increasing

acceleration of inflation

A dynawmic version of the balance-of-payments
restriction (3 ) can be obtained once it is imposed that
expenditures with imported energy are conétrained to grow at
a rate §?possibly %egative); Tﬁis rate is assumed at this
point exogenously.given in the sense that it depends on the
willingness of foreign lenders to further fingnce curfent
account deficits, This in turn depends on the accumulated
foreién debt and the gfowth rate of foreign demand for the
country's exports. Taking natural 1§éar£thms and differentiating (3)

with respect to time
Y* = q +.F (15)

Expressed in terms of growth rates energy demand in(5) is given

v

.by ‘.

E =Y - oq . . ( 16)
Substitution of (16) into (15) yields

Y =Y - q + oq (17)
which is the growth—liﬁe in Figure 2 . Equation (17) states

that output growth will be larger the larger 1is the rate of growth of.
foreign borrowing net of the rate of increase in imported
encrgy prices Y* - q* and the larger is the elasticity of

substitution -. Domestic price increases only enhance output growth

if substitution is feasible or equivalently o > 0. Otherwise



. L L o
the rate of growth is Y* - gq*, which does not depend or the
- .

domestic price increase q .

If we assume that domestic and inteérnational energy

price increases are related by

o~

q = yq* ' (18 )

where y is a policy variable” then(17) can be rewritten as

-~

3 LT
Y + (oy-1l)gq . (19 )

Y =

-

' >k _ . >
This latter result shows . that Y £ Y if and only 1f vy<(1/o).
A* . ° . .
Hence, if Y 1is the rate of output growth prior to the increase

in world energy prices the maintenance of growth requires that

Q|

times the international price increase be passed along to
-energy domestic prices. For o within the range of 0.2 to 0.5
this means that .y is between 2 and 5. The impact upon inflation

rates becomes undoubtedly ' a limiting factor.

IV - The Growth/Inflation Trade-Off

In the previous section we related the acceleration
of inflation and the rate of growth to the level and the rate
of change of e¢neray real domestic orice. For a given rate of

change in international prices, the larger is the fraction y that

Expressing (4) in growth rates, (18) ig equivalent to
the assumptipon that the subsidy factor (1l- z) grows at the
rate (1 + ~)q* over time.



is passed on to domestic prices the larger are the rate of
growth of the e-onomy,except when substitution is not feasible
(0 = 0),and the acceleration of inflation. Eliminating y from
(13) and (19) we obtain a trade-off relationship between the

rate of growth and the acceleration of inflation given by

y 3 S— 1Y - ¥+ gM) (20)
’ (1-s)10 4 20
and displayed in Figure 3,
. For given initial energy shares the slope ‘of the

growth/inflation line ié 1érger the‘iarger is fhe degree of
indexation of the economy (smaller t) and.smaller are the
possibilities bf energy substitution represented by the
elasticity of subsgitution o. The trade-off vanishes for o=0

as the growth/inflation line becomes vertical at the growth

- -
.

rate Y - q . In the latter case the increase in domestic energy
. . . . . ’ o P

prices y > 0 only accelerates inflation without stimulating

growth via substitution. To each point along the line there

corresponds a value of the rate of domestic to international

price increasesy. At any instant of time-a combination of Y
. . .

and P can be chosen depending upon society's preference for

growth vig-a-vis the acceleration of inflation as depicted by

curve LL in Figure 3.

Observe that the trade-off relationship (20)is only stable
for © = 1 when a constant energy share s kceps the vulnerability
of the economy unaltered by domestic real price changes. For

0 <0 <1 the growth/inflation line *otates counterclockwise as
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the international price increases are translated into domestic price increases

(y > 0) The only rate of growth compatible with stability of

-~ . ~ % ~ %

the rate of inflation (P = 0) is Y - q attainced with y= 0. To

- S .

. *
maintain a rate of growth superior to Y - q socilety must be

willing to accept larger and larger accelerations of inflation

in the most likely case that 0 < g < 1.

The situation depicted in Figure 3 , of a constant
rate of increase of world prices,does not give full dimension
to what most oil~importing.countries»havg‘faced.during the
last decade. Firstly, increases in world enérgy prices have
been'in reality price shocks as represented by the step

function,

and secondly, the rnature of the trade;off'has’beéh considerébly
more sevefe.as the step increases have been many times larger
than the rate of growth that prevailed at that instant of time.
Figures (4~a) to (4-¢) " depict ~this situation for C < ¢ < 1. At
t = td, the horizontal intercept is negativg showing that given
the magnitude of the‘price increasesexperienced(up to 3007 )
stabilify of the rate of inflation could at best be attained
with negative growth at a very large rate. Besides its
inflationary impact, a proportional increase in the énorm:dommnic
price (v = 1) was no remedy as, within a reasonable
range of substitution elasticities 2.2 to 0.6), maximum

growth would still be negative. Even thourh the
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vulnerability of the oil-importing cconomics pre-shock was
quite small (less than 57) a more than ﬁroportional increase

of the domestic price would imply in a signfficant'accelerétion
of inflation (greater than 20%). As a consequence most
economies had to resort to increase Y* from ?;'to ?: as in
Figure 4-b either using up any slack. capacity in foreign
borrowing or goiné into more costly and risky shorter~term
loans. In practice the oil-importing economies réacted in the
short-run through different combinations of slower growth, a
larger foreign debt and.a higher energy domestic real price
such.aé point A' in Figure 4-b. Figure 4-c depicts one
possibility for the after-shock beriéd.'The'short-run step
increase in the rate of foreign borrowing may reduce further
porrowing capability from the ére—shock leveil §; to ?: (possibly
negative) and the growth/inilation line may becoﬁe more

vertical if at least a fraction of the increase in the world-

. -

price is passed on to the domestic price.

In the next three sections we explore only the

inflation and growth implication of varying energy
domestic p;{tvs during an after—;hoék\pcriod (q* = 0).
This assumes that the cconomy adjusts instantly to price-
shocks mainly through some combination of’a step increase
in prices and a step increase in the foreign debt. In

section eight we retake the discussion of the shock

instant and relate it to our results.
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Vv - Price Trajectories and Inflation

«

In section two it was demonstrated that, for an
indexed economy, the acceleration of inflation is determined
at each instant of time by the magnitude of the change in the real
. energy price. We consider now the promotion of price adjustments
over a finite length of time. Give; the current feal price q,
at t = t anda terminal real price q, at t = tl,‘ different price
trajectories q(t) imply in different paths for the rate of
inflation between t and t1 with real wages evolv1ngacconhng1y
By (12) and (13) the greater the increase in real energy prices
the larger is the“decline in the real wage. If the relevant
concern of society is the real wage and not employment, then
alternative price trajectories can be analyzed once an acceptable
pritérion expressed solely in terms of the rate of inflatgon
is established. Growth and employment aspects of alternativév

pPrice trajectories are discussed in the next section.

First we consider the terminal rate of inflation. This

-

will be the case when society is only concerned with the terminal

real wage as integrating both sides of (12) between to and tl

yields
w(t)) = w(to)’—r[P‘(cl) - P(e ).

In this case the larger the terminal rate of inflation P(tl) the
smaller is the terminal real wage w(tl). The terminal rate of

inflation can be determined by integration of (13) between t,

and t1'yielding



3 - p 1
P(tl) = P(to? + m log (

The above result establishes a one-to-one relationship between
the terminal real price and the terminal rate of infiation
which is- independent of the price path6. Consequently the loss
to society implied by the lcwer terminal real wage cannot be
dampened by the trajectory. Furthemore the terminal rate of
inflation rises with the optimal price and the degree of
indexation, which is inversely reiatea to 1, and declines with

the elasticity of substitution

The conclusion above is not surprising if we recall
;hat for indexed economies it is the acceleration of inflation
é as opposed to the fate of 1inflation Ethat tends to reduce
real wages. Even though the terminal rate of inflation and the
real wage do not depend upon the real ‘energy price trajeétory
it does not follow that'éll pafhs‘aréfequally uhdééirab1e7. For
~most indexed economies in the process of changing energy prices
abrupt variations in the rate of inflation have‘proved to be
sbcialiy disturbing and to stimulate‘demand fo;more frequenf
wage adjustments or, in other words, a higher degree of
indexations. This argument justifies the cl#im that for indexed
economies real energy price trajectories have to be examined

not only in terms of the instant rate of inflation but also in terms

of the acceleration of inflation. While the

The Euler ecquation vanishes for any solution trajectory.

We do not consider in this section alternative objetives. For
instance if the terminal rate of  nflation is the appropriaste
critericn concerning inflation and real wapes, the reduction
of the erergyv/output ratic favors a step increase In eneigy
“prices.

Formally,; this sugpestes that in (12) 1 night be a decrecasing function of 5.
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former is inveréely related to the real wage level, at any
instant of time the latter accounts for changes in the real

wage. The following loss function
L(pP, P} = P% P B> 1

- represents with miaimum simplicity the above assertion. The
assumption that 3 1s greater than unity implies that losses
frém the acceleration of inflation are incurred at increasing
marginal costs.

_An optimalvenéréy price trajeéto:y results then from
the minimization of the integral loss from t, tot

19

min fti PQFB
to

q(e ) q,

q(tl) 94

N

The Euler equation for this problem is, for small energy shares,
given by9

1= (22)
q

V=T Vo T

where 3= o-(l-c)a/B . Solying the differential equation (22)

yields

q(t) = (ko + klt)l" DR . (23a)

[
u
D

pnd
—

(md
Yt

#
—t

with ko and k, determined by the initial.and terminal cond?ticns

1

9 . )
The secoud orderoptizality condivion is satisfied under the
assumption that > 1. ‘



ql—l_ql-l kl-lt -t ql-k
S R YA L1 (2a) Ko=o 170l A4 1 (240)
f17% f17%
log q,/q » qotl .
k, = =1 (24b) k = =1 (24d)
1 o i t,.—t
t.—t t 1l o
1l 7o q, 1
1
Figufe 5 depicts the optimal price trajectories
for different values of ). When a = 0, or the actual rate of

inflation does not matter, the optimal price adjustment
SChedulg is approxim;tely linear.wheq substi;gﬁiop pos;ibilities
;re very limited (M,0 = 0) and approximately exponential when
substitution possibilities are very significant (k,c = 1).

Between these two extremes of a constant price increase (X,0=0)
and a:constaanrate of price increése.( A » 0 = 1) lie

the solutions for 0 < 6 < 1. As one would expect the»larger

the elasticity of subsfitution the more can price increases

be postponed. As substitu;ion possibilities become larger the
optimal trajectories tend to lower price increases in the
beginning of the period and favo: larger increases by the end

of the planning horizon. This is due to the assumption of
increasing merginal losses from an aczelerating inflation.

Still we cur. show by substitutioa of (23) into (13) that far small

energy shares
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f
Q

P e —L  (k +k )T 241 . (25a)
(1-2) 1 e

. ak1 -

» A= 1 (25b)

This shows that the rate of inflation only grows linearly over
L. . . .
time (F is constant) for 3 = 1 or X = o which is the case for «=0.

Otherwise the acceleration of inflatien increases (decreases)

over time for X(>(<) o.

For negative values of the elasticity of the
instant loss with respect to the rate of inflation a the
optimal trajectories shift rightwards except for the limit

case when o=1.The rationale for this solution stems from the observation



q(t)s

ENERGY PRICE TRAJECTORIES

FIGURE. 5



that as the inflation rate gets larger the same acceleratioq
of inflation is perceived as a smalier loss. Hence larger
energy price increases can be further postponed towards the
end of the periodu{'Conversely for positive values of a the
optimal price trajectories shift leftwards for 0 < ¢ < 1. If
it is the case ihat at larger ratesof inflation ,or equivalently
lower real wages,society perceives further acceleration as
inéréasingly costly (>0) thén it is optimal to anticipate real
energy price increases. These possibilities arealso depicted
in Figure 5.

The dependénce of the optimal trajectories
upon B, the elasticity of the instant loss with respect
to the acceleration pf inflation, 1is simiiar fo? positive and
negéfive a's. The larger is B the smaller are the anticipations
and postponements of the energy price increase. Had we
pérmittéd B = 0 we would have a gituation in whicb losses are
associated only to the fate Qf inflation or equivaiently the
real wage level. In the most likely case that q~{s positive

the solution is trivial. The rate of inflation should be kept

constant and energy prices unchanged up to time tl when they

should be ‘adjusted through a step increase equal to 9, T .-

10 . . .
The intrcducticon of continuous discounting of future instant

lo§ses'wou1d also contribute to a postponement of energy
Priece increasvs.



VI - Price Trajectories and Growth

Consideration only of the rate.and the acceleration
of inflation led to optimal energy prices trajectories of the
form (23). The growth pattern implied by such paths can be

obtained by the conjonction of (23) and (17) giving

s o k 1

1- 3 ko+k1t

<)
i
wd
¥
+
—

A F 1 - (26a)

and

¥ = ¥* + ok . oA =1 (26b)

In the aftermath of an oil-shock, once the process of imported

energy substitution is initiated, growth will be no smaller

than ?*1] However, stable growth will only obtain for o= 0
and X = 1. When the loss does not depend upon the rate of
inflation (a = 0) these two cases correspond réspectively to

Leontief and Cobb-Douglas production functions. Otherwise growth
will increase smoothly during the interval for 2 < 1 and decrease

for X > 1.

Alternatively we may consider the case of an economyv
for which only output and growth matters. Traditionally alternative
growth paths are anaivzed in terms of a utility function of
output, income orconmmmthmv levels. However, it is not
difficult to understand why, for the less developed oil

importing countries, actual growth rates do play a major role in

(\S N =(((;-\

T- . i
1 T d, )/(Ll"Lo)‘ we have k, s> 0 'lox ) SN

1 <



economic policy. As output growth is associated to employment
growth, concern about gréwth is tantamount a concern about
absorption of a growing labor force. Consequently, we want the
benefits of a domestic eneréy price increase, for an economy
subject to a balance-of;payments restriction, to be associated
“ both with the output level and the growth rate. The benefit function

is assumed, for the sake of simplicity, to be of the unit

elasticity of substitution form!?

-

UCY,%-Y%) = ¥5(¥ - 9" 0 < n <1

-

The elasticity of the benefit with respect to the gfowth rate

n is assumed to b; less than unity. In this case higher growth
rates are increasingly desirable but marginal beﬁefits are
Aecreésing. If the benefit of higher growth rates declines with
the oﬁtput level we would expect e < O.

The problem we want to solve is then

max {tl Yf (- 97 de
o]
alty) =aqp : (27. )
a(t ) = q

o

For small energy shares the Euler equation associated with

(27) has the same form as (22),

.
.
-

o] o

q
€
(1‘—%)—

£
£

- - - - q
The solution of the above differential equatlon]“is equivalent

Second order optimality condi.ions are satisfied fo-
0 < n < 1.



to (23) with

A = (no-e)/no

We first consider the case in which ¢ = 0 or A = 1.

Then the optimal solution requires a constant rate of

increase k in energy real domestic prices as the trajectory.
. . . .

1

is exponential by (23b),irrespective1y of the vélues of ©

and n. Also if conly instant growth matters by (é6b) the resulting
growth rate will be stable duting the interva.l13 for all

values of the elasticity of substitution.

As we allow marginal benefits toldecrease with the
output level ér, in other words € < 0O, then X > 1 and the
optimal price tfajectory in less than exponential as depicted
in Figure 5. The larger is ¢ fnlabsoluteAvalue the more can
energy reai price increases be postponed. Energy price
.inc;easgs and thevgrowth rate become,smgller jﬁ the'bgginning

of the interval and larger towards the end'of the horizon.

Conversely larger values of the elasticities o and n tend to

anticipate the optimal price trajectory. As X < 1 for € < 0

the rate of output growth declines over the period.

As opposed to the rate of inflation when benefits
are associated only to the output level (n =0 and €¢ > 0) the
optimal solution for X > 0 consists of a step increase in

energy prices in the beginnipy of the period (t=to). This

13 . .
This result is not surprising as the maximand in (27) is thae

same . in thy minimization of the Je-iations of actual growtt
rates for *,



will provoke a step increase in output at t = ¢
o

at the rate Y* thereafter.

and growth



VII - Price Trajectories : Inflation and Growth

Inflationary and growth aspects of energy real

price trajectories have been analyzed separately in sections

five and six. Optimal domestic energy price paths were
determined for economies for which either inflation or growth
matters. This is not realistic if ;e believe that the criteria
interact or, in other words, that societies are-willing te
trade instantly a higher growth in employment for a loss in
the real wage. To represent this possiblity we consider the

loss function

L(T,5) = (2-2%)%(p)B 8> 1, 6§ < 0.

" Under these assumptions instant losses increase.with the
acceleration of inflation and decline with the growth rate
as curve LL in Figure 3 shifts to the northwest. Furthermore,
for B > 1 marginal losses are increasing in P and the
marginal rate of substitution - |

df _ zB8(¥-%)

af &P

is positive as desired. Convexity further requires that 8+68>1.

For the sake of simplicity, dependence upon the output level and
the ;ate of inflation are not considered here withlthé knowledge,
from sections five and si#, that a negative depencence upon both
Y and P (c<0 and a<0) contribute to a further postponement of

energy price increases.

A solution trajectory for q(t) is then determined as before Ny
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the minimization of the integra] loss,
min f%1 x\ 8 8
e (9- 298 (B)Bae
0
q(t ) = q, : (28)

q(EO) = q,

The Euler equation for (28) is again under the assumption of

small energy shares, similar to (22) with i=g,

>0
i
Q

N-J¥-F

The solutionléof(29) does not depend upon § and B being given by

q(t) = (ko + klt)l#c O<o<1 (30a)
q (£) = k_ e X1t o =1 (30b)
Observe that for 0 = 0 the,trajeétory is irrelevant since as

. ‘ . . . i . . ) . . . . o ¢ . ‘- . . .
"% = '?*% the instant loss is infinitely large unless P is equal

to zero,

Letting X = ¢ in (25) the trajectory of the rate of

inflation is always linear with

p - 3K, O<o<l (31a)
(1-0)1
= 3K, g =1 (31b)
T

as shown in Figure 7. The rate of inflation at each instant of

14

Second ord:r optimality condition are satisfied for 8 + & > 1.
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time is higher the smaller are the possibilities of substitution.

The growth rate

? = C* 4+ Okl 1 O<o<1 (32a)
l1-0 k +k t
o 1
ahd
? = 0ok ‘ o= 1 (32b)

determined from (26) with X = ¢ decline smoothly over time
unless ¢ = 1 in which case it is stable. These are displayed in
Figure 8. At each instant of time output growth is larger the

larger is the imports substitution elasticity.
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IX. Summary and Concliusions

In section two we demonstrated that an increase in
imported energy real prices requires a reduction in the real
price of the domestic f;ctofs'production. The distribution.
of such real fncome losses may be a cause of conflict. The
resolution of the distributive conflict is, however, essential
to the effective promotién of imported energy substitution.,
For an economy facing a balance-of~payments restriction

substitution is crucial to prevent a decline in output and

~employment after an international price increase.

The dynamics of growth and inflation induced by
the energy domestic price increase is characterized in section
;hrée..For a highly indexed ecoﬁomy it is shown ‘that there is
a positive linear relationship between the accelaration of
inflation'and the rate of change of real energy prices. On
the other hand the increase in real energy prices contributes
to growth via import substitution. This allows us to establish
a structural relationship between the acceleration of inflation
and the'rate of output growth for hichly indexed economies
under a foreign-exchange bottleneck in scction four. The
larger is the desired output growth rate the larger is the
acceleration of the inflation rate and the decline of the
domestic factor price. Furthemore it is shown that the trade-
off is not g:able for substitution clasticities less than
unit. As the cnefgy domestic price riscs the economy becomes
increasinigly vulncrnb]o.to furthees price lncreases. The
mninécnanfe of an ocutput srrowth rate over and above that

determined from foreign borrowing capability corrected for
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the international price increase, generates an ever-growing
acceleration of inflatibn. The nature of the trade-off
experienced by the less developed oil importing economies
is illustrated at the end of the section . It is an attempt
to explain why most have relied upon a'considerable increase
of the foreign deblL. The cost upon inflation and output of
an alternative rtoute would have been significant and of

little impact given the severity of the price-shocks.

Section five, six and seven concentrate upon an
after-shock period when most economies have seen foreign
borrawing’capacity ;hrink . Thg,adjustment of energy domestic
prices can no longer be postponed as it become; the main tool
‘to dappen the degline in output growth. In section five
we aemonstraterthat for indexed economies the terminal rate
of inflation, at least as a first approximation, does not
depend upon the energy real prlce traJectorles We conclude
henée that the terminal raté of inflation was not an
gpbroprlate criterion to distinguish alte}natlvé paths.

Having argued that for indexed economies nonlinear losses
should be attributed to the accgleratioﬁ‘of inflation, as

it reduces real wages we determined optimal energy price

paths takinglinto account both the rate and the acceleration

of inflation. The resulting trajectories are smooth. The larger
1s the possibility of substitution the more can energy price
increases be postponed over the period. However if as the

rate inflation cots higher society perceives further acceleration
a8s an increasing loss, larger price increase; should be

anticipated.



The output énd growth implications of alternative
energy real price trajectories were analy%ed in section six.
A benefit function depending upon both the output level and
its growth rate was éstablished. The rationale for considering
the instant growth rate stems from the observation that most
less developed economies have high rates of unemployment
and a permanently increasing popﬁlation. We concluded that
if only growth matters energy prices should always ge
increasgd at a constant rate to stabilize growth. If, however,
as the output level increases further gro&th is perceived a
‘smaller benefit theh the rise in energy prices can be

postponed.

The situation in which society 1is willing to trade
higher.output growth rates for larger accelerations of inflation
is considered in section seven. The optimal price trajectories,
in this case, depend only upon the substitution potential of
the economy as represented by the elasticity bf'éﬁggtitutioﬁ.
The rate of inflation will grow lineary over the'time interval

-

while the growth rate declines. As the process of imports

substitution is initiated output growth is heavily enhanced

falling thereafter.

In the last three sections we concentrate on what
we have named an after-shoék period. We distinguigh only two-
stages the shock ins;ant and the af;er—shock period. There
should be no major dificulties 1in combining the results_fér

the after- ~hock interval with the drcisions relating to the
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moment of the international price-shock. If a fraction 6f the
world price increase is péssed on to consumers at that exact
instant society must be‘willingAto accept‘a step increase ip
the rate of inflation in éxchange for the attenuation of a
étep decline in output., If soéiety relies, at least partially,
on foreign borrowing, the step increase in the foreign bebt |
may reduce or even impede further.growth in payments.
Conséquently the minimum output growth rate within the after-
shock period may fall below acceptable levels. The integration
of the shoék and after—éhdck period is certainly a topic for

-further research.
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