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1. Introduction,

Exchange rate changes have important and multiple effects
of econcmic soctivity. When currency parities are fixed, as it Rappeng
in most developing countries, devaluation becomes & key policy option
for the authority, The crucial +ask is then to assess the impact of a
devaluation both on the external payments position of the country,
which is likely to improve, and on the level of economsie aotivity, &
Rore controversial dssue. Internstionz’ institutions typically recom-
mend exchange rate increases as a way of coping wWith "fundamental”
imbaiances in the countries' external situation, while at the same
time domestic authorities are reluctant te devalue,

Early economic approaches to this problem wers cantered
;armun@ the well-known Marshall-Lerner condition, initially stated in =
partial equilibrium framework in which the trade account was in
balance and substantial unemp loyment existed. In the aarly Fifties
this condition was extended, to & genera! sguilibrium, N BOOIONY
Keynesian multiplier scenario which did prest @ég%%@fim&mﬁiy affect the

srevious result, Subsequent developments considered sttustions of 4ni-

tial trade imbalance, as appirica’ evidencs overshelmingly sugos

On the other hand, the asbsorption approsch stressed the trade balancs
85 the result of an agyyregate income-expenditure refationship, an
appropriate framework to study the distribution effects coming from a
devailuation.

Krugman and Teylor {1978} develop a general equitibrium
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model dintegrating income redistribution effects of a devaluation from
an initial trade imbalance situation. In addition, they expiicitly
introduce the impact of exchange rate changes on fiscal revenus, o
much neglected issue in previous studies. Their key conclusion {g that
a devaluation has contractionary effects on domestie income, while
improving the tra&a balance.

This paper extends their analysis to consider firgt the
effects of a trade-financed fiscal sector which runs a balanced
budget. In this scenario a devaluation has an ambigucus effect on
income because the distribution effects coming from the private sector
as a whole to the government are now expansionary. If income taxes
instead of trade duties are the source of fiscal revenus, the sign of
Krugman and Taylor's result is not altered but its magnitude
increases,

Next, a dynamic structure is added to the model by allowing
sluggish adjiustment of wages through a traditional Prillips curve.
Under these conditions a devaluation is again contractionary, but this
time the system is unstable due to the interaction of & demand deter-
mined home good sector, a fixed supply of exports and the Phillips
curve. After the exchange rate increase there are no forces in the
model to stop the downward trend.

Available empirical evidence SUgOests & more realistic sce-
nario where exports respond to price incentives in addition L0 wages,

In this case the export response is not only expansionary, but also




pushes the system towards stability. It is possible, however, that

evaen with a Targe long run elasticity of exporis with respect {o

wages, the economy dees nob smoothly return to equilibrium after a
davaluation. 1f the export sector does not react fast enough to a

devaluation the economy is unstable around the sieady statsa.

Nonetheless, even in this case 1t may be possible to show that a
Poincare-Rendixson Timit oyele exdists, thus stopping the downward

trend of the sconomy. Under some oircumstances the existence of a Hopf

bifurcation cycele may alse ocour. At Teast one of these cycles is
stable,
The paper starts with & bhrief review of devaluation theory

and evidence, placing Krugman and Taylor in its appropriate relation

to it, Section 3 considers alternative behaviours of the fiscal sector
and their implications in front of a devaiuation. The next section
introduces wage dynamics and studies the stability properties of the

model, while ssction § considers both wage and export adjustment,

Finally, section 6 states the main conclusions.
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2. A brief review on devaluation theorv and evidence.,

Early analyses of devaluation were centered around the
well~known Marshall-Lerner condition! stating that a devaluation will
improve the trade balance as long as

M + M > 1
where n, is the home country’s price-elasticity of demand for Tmports
and nx* is the world's price-elasticity of demand for the country's
exports,

This condition was derived starting from a scenarie in
which the home country specializes in the production of an exportable
good whose supply in terms of domestic currency is infinitely elastic.
As a corollary, the devaluation brings about a one-to-one deteriora-
tion in the terms of trade if the contry is & price takep for
imports. The trade account is assumed in equitibrium at the moment of
the devaluation.

Further theoretical developments come with the work of
Robinson (1947)1¢ and Hirschman {1948}, who investigate the effects of a
devaluation starting from a trade imbalance. Under these conditions it
becomes necessary to distinguish between the trade balance expressed
in domestic currency and its counterpart in foreign currency, since

they will not necessarily move in the same direction. The practical

IMarshall (1923}, Appendix J. Lerner (1944}, Chapter 28, 0.
3TT-380.
ZRobinson {1847}, Part III “The foreign exchanges®, ., 142-143,
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relevance of this analysis is immense since most -if not all-
countries devalue their currency in the face of a trade deficit. What
matters then to solve the payments problem is the foreign-currency
balance, which is more likely to improve. However, it is the trade
balance expressed in domestic currency which is relevant in terms of
aggregate demand; this one is more likely to deteriorate. Thus, a not
uncommon outcome of a devaluation in this scenario is a contractionary
effect on domestic income coupled with an improvement in the foreign

currency denominated trade balance.?

Intuition for this result may be strengthened by thinking

of a devaluation as having two types of effects: (i} a valuation

effect on the initial quantities of imports and exports at the higher

exchange rate, and (ii) a quantity effect, given by the responsiveness
{i.e. the elasticities) of imports and exports to the price change,
evaluated at the previous exchange rate. When trade is initially
balanced, the higher cost of imports exactly cancels out with the
additional export revenue (at the original guantities). The valuation

effect is nil in this case and only the guantity effect is left. But

when the country starts from a trade deficit the valuation effect
operates towards a deterioration in the domestic currency denominated
balance and thus contracts internal demand for domestic goods {unless

there is an offsetting effect coming from a reduction in savings).

3This point has been stressed, among others, by Cooper {1971a).
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The elasticities approach was originaliy stated as a par-
tial equilibrium relationship invoiving only the markets of imports
and exports, Harberger (1950) and Laursen and Metzler (1950 ade-
quately restate it by coensidering the general equilibrium effects
coming from the Keynesian open-economy multipiier. The modified rela-
‘ﬁiﬁﬂshiﬁ, however, presents the same qualitative result as before: an
improvement in the trade balance following a devaluation requires that
the sum of the re?&vaﬁt price elasticities exceeds anas.

Sidney Alexander {1952) called attention to the fact thar
if a devaluation was to improve the current account it had to reduce
in some way expenditure retative to income, His insight, coming from
the national income identity, is the well known Keynesian “"absorption
approach™, Looked in this perspective, the potential terms of trade
deterioration arising from a devaluation was expected to reduce
savings for a given level of income and thus to deteriorate the
current account; this is better-known as the Laursen-Metzler effect.
Recent contributions by Obstfeld (1982), Sachs {1881, 1982a) and
Bvensson and Razin {1883} have pointed out that the direction of the
effect on the current account is ambiguous, and depends on the terms
of trade deterioration being transitory or paermanant.

Doernbusch (1978) studies the conditions under which the
absorption approach can be properly integrated with the garlier
elasticities approach. He also concludes that, starting from trade

balance, if the terms of trade remain unchanged after the devaluation
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the commercial balance can not dateriorate,
Distribution effects can alse play a role on expenditure

determination following exchange rate movements. In particular,

Diaz~Alejandro {1863} has argued that a devaluation is Tikaly o

redistribute income From workers to capitatists. If the former Group
has a higher marginal propensity to consume than the Tatter ohe,
expenditure will go down and so will cutput in s demand determined
model. The classical example is the Argentinian devaluation of 1958
which, according to Diaz-Alejandro (1955, mportantly accounts for
the 1959 recession in that country through its redistribution effect
from workers to landowners.

A different Vine of argument has been stressed in the monpe-
tary approach to the balance of pavients, 4 where a sevaiuation is ana-
lyzed through its effects on the money marke:. Hare precisely, an
axchange rate incresse wil] provoke a stock excess demand for Money
with passive monetary policy, the only way to o back to equilibriym
is by running balance of payments surpluses whose effects on the mOney
stock are assumed not to be sterilized by the suthority. This type of
models, based in a line of thought dating as far back as David Humpe
(1782), have almost always been carried out under full emp toyment and

With money as the only asset.’ When nontradeable goods are introduced

tror a survey on the monetary approach see Johnson {19771,

San extension to more than one asset is found in Dornbusch £1975)
in what could be called a portfoiio approach rather thas a manetary
approach,
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in this framework the devaluation has real effects, but only iﬁ the
short run. The Tink is formally made by Dornbush {1874} using the ad-
hot expenditure function, later grounded in optimizing behavior by
Borabusch and Mussa (1975). The initial excess demand for mongy pro-
woked by the devaluation is transiated inte an exeess of dpcome over
expenditure which pushes downward the relative price of nontradeable
goods, thereby causing consumption and production switehes and a
surplus in the balance of payments. The effect lagts only while there
is unsatisfied excess demand for money, and so it dissappears through
time. The only way in which a devaluation can have long run effects
fother than reserve oot Iation) 1s dn the presence of wage/price
stickiness, where 1t serves to stmultaneously achieve internal and
external balance,B

Krugman and Taylop {1978}, hereafter referred to as K-T,
pursug a structuraltist approsch for an soonony composed of three types
of goods: exportables, teportables and nontradesbles. A Keynesian
stand is taken in the home good market, where output is demand deter-
mined. Imports are neither produced nor consuned domestically but
rather used as intermediate inputs in the production of the home gend
and exports are in fixed supply. In this sense, the Keynestan and
structuralist approaches townrds SRpOrte can be considersd ms two

axtremes, with neoclassic analysis (the one used in the monetary

Bsee Dornbusch (1974,
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approach, if any) standing somewhere in the middle,

Two crucial features of K-T have been borrowed from the
earlier contributions discussed in this section: the existence of two
groups of agents with different marginal propensities to consume and
the starting point of the economy from & trade deficit. But K-T intro-
duce an element to which surprisingly little attention has been paid
both before and after the publication of tﬂeir paper: the presence of
a fiscal sector whose finances are influenced by a devaluation.

An extension of K-T +o account for substitutability both in
production and in consumption is provided by Hanson {1983). His
results challenge those of K-T regarding the effect of a devaluation
on domestic income and the balance of pavments. Indeed, E-T's conclu-
sions come as no surprise in view of theipr assumptions which close
any possible channel through which a devaluation could be
expansionary.

Empirical work on the effects of devaluation does not
abound. Cooper (1971b), analyzing the short run effects {after one
year} of 24 devaluations for the period 195386, "oovincluding most of
the major devaluations by developing countriss in ths early 1960s,,."7
finds that in nearly three-fourths of the cases the trade balance
improved. He also reports s negligible impact of the sxchangs rates

- change on the terms of trade and s response of domestic wages and g -

Tcooper (1971b), p. 20.
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ces that falls short of the currency depreciation. Connolly and Taylor
(1876} study 18 devaluation episodes in 14 mostly developing countries
for the period 1959-70. They conclude that‘exahanga rate increases
appear oh average not to have a significant effect on economic acti-
vity while at the same time generally improving the balance of
payments. Krueger (1878} analyzes 22 devaluations in 10 third world
countries to conclude that only in three cases it was followed by &
signifficant recession,

More recently, Gylfasson and Schmid {1983} have developed
and tested a one sector model in which output is determined by the
interaction of supply and demand. A devaluation influences the former
through the cost of intermediate inputs and the tatter through substi-
tution, income and real balance effects. The results for a group of 10
countries (& dindustrialized and 5 developing) show a contractionary
effect of an exchange rate increase only in 2 cases (India and the
U.K.Y, Larrain {1888) presents evidence indicating that medium to
targe devaluations tend to decrease the product wage, at least in the
short run, except in economies undergeing strong and steady depre-

Zoiatian of their currencies, and that employment in the tradeables sec-
tor s a decreasing function of the product wage,

One of the reasons for the lack of empirical work on deva-
fuations no doubt arises from the difficulty of separating it from
other parallel influences in the economy. In particular, exchange rate

changes in developing countries are usually accompanied by liberaliza-
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tion and/or stabilization attempis, as stressed by Cooper {1971b} and

thoroughly studied in the MBER project headed by Krueger and Bhagwati.
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3. Contrachtionary devaluation and fiseal nalioy,

As already discussed in the preceeding section, K-T is one
of the very few analyses of devaluation which allow a role to be

played by the fiscal sector. In their framework, however, the level of

govarnment spending ts fiwed regardless of the evelution of fiscal

revenues. Therefore, if we start for simplicity from a position of

balanced budget,® variations in the exchange rate will provoke a
mismatch between outlays and receipts in the fiscal sector which needs
to be somehow accomodated. But in & model where the only financial
asset {(money) is fully commited to maintain the interest rate at a
given level, it cannot alse be the channel to accommodate the fiscal
imbalance. This leaves an important issue unexplained in the model.
Aside from this theoretical issue, it has been argued that
in practical terms it is very hard to adjust expenses to revenues in
the fiscal sector and so that it will be correct as a first apnroxing-
tion to treat government spending as fixed. Although this argument may
be appealing for downward movements in revenues it does not seem S0
valid when an increase in fiscal income is at stake: in this latter
case it is very likely that the extra income will be spent. Since a
devaluation increases fiscal revenus in the K-T framework, it will be
assuimed in what follows that the government runs @ balanced budget, in

other words that the authority has a merginal propensity to spend of

8This is & simplifying assumption since in general devaluations
coour in situations of budget deficit {in fact, the budget deficit My
have precipitated the devaluation). In this case, and under K-T cone-
ditions, the devaluation merely serves to reduce the deficit.
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In order to study the effects of & devaluation in. this con-
text we consider two alterpative ways in which public income may be
generated. Initially we maintain the K-T scenario of trade taxes on
both imports and exports; later on, we concentrate on the case in

which taxes on income are the only source of government revenue.

3.1, Irade taxes.
We present below the new framework which emerges when the
government runs a balanced budget. The original K-T notation is kept

as much as possible for comparative purposes. The modified model looks

Tike

{1} Pp o= (aypwragpPyl (1+2)
(2} Py = {1-t, )P Ye

(3} Py = {1+t,)P,%e

(1}-{3} are the price formation equations, with tax-
corrected purchasing power parity for tradeables and mark-up pricing
for the home good, whers

Prh = price of the home good

i

atp = amount of Tabor to produce a unit of the home good

#

aph = amount of the imported input to produce a unit of the home aood

W = nominal wage




z = fixed mark-up over costs

= internal price of exports

e
*
¥

= ad-valorem tariff on exports

il
»
H

P¥ = world price of exports

e = nominal exchange rate

Pm = internal price of the imported input

tm = ad-vatorem tariff on the imported input

Pt = world price of the imported input

(4] Yy = {ajpHeayiw

#

(5} Y z{ajpwtagnPylt + Py ey} X

Yy and Y. define the incomes of workers and capitalists
respectively, H are the units of the home good and X stands for the
volume of exports. Y, is derived both from a fixed mark-up over cost

in domestic goods production and from profits in exports. With this

latter sector in fixed supply output can only vary through home goods

which are demand determined, as specified below.

{6) H = CuiY /Py CplYp/Pr) + I(r) + G

Imports (M) are intermediate goods used exciusively in the

production of nontradeables, and thus

AT) M o= gyt
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K-T's general expression for the effect of a dgevaluation in

output (not presented in their paperd is

(8 dh e = (1+a}{ ~{vy-vpikg - (VigMPy e~y XPy"ejKy -

de h Dy PpH
= (YutpMPy ety b XPy e Ky
where
Do = [21nW((1-Ng) *2(1-yp) JeagnPye (14t} (152(1-vp}}| > O
Kg = a1xwxamhpm%e(&*tm)
Ky = aypw

A brief interpretation of equation {8) seemns worthwhile.
The first term inside the parenthesis shows the negative impact of the
income redistribution from workers to capitalists brought about by a
devaluation in front of fixed nominal wages, when the maréin&% D ORan -
Sity to consume of workers (7w} 1s greater than that of capitalists
{Yr). The second term combines the former effect with the contrao-
tionary outcome of an exchange rate increase in the presence of an
initial trade deficit. Finally, the third term reveals the negative
effect of the devaluation due to the income redistribution from the
private sector as a whole to the govermment, which is assumed to
totally save this extra revenue.

S0 far, this is the K-7 model. We introduce below a dif-
ferent type of fiscal behavior; rather than maintaining fixed the

level of public spending as revenus varies, the government will now
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run & balanced budget. As in K-T all fiscal expenses fall on the home
good; & more general scepario in which the public sector also buys
imports and/or exports will require a significant change in the struc-
ture of the model.? To be consistent with the previous formulations

everything is being measured in terms of home goods,
(9) 6 = ([t P fe + Py e /Py,

Now we can consider the effect of a devaluation on nontra-
deable production; since exports are in fixed supply this 4s 81 we
need to know to assess its impact in total output and employment.
Substituting equations {(Li-{5}) and (9) in {6} and making use of {7} we

can compute expression (10), written in elasticity form

{10} dH & = {lvz} { ”(Yw”yrBKﬂ - gywmpm%a“?rxpx*@}xl +
de H  DyPpH
t ) tpMPy ek (1-yp ) 1, XP Yo Ky )
where

Oy “€&$hwi{1m?w}+2€1“?r}}*ﬁmﬂpmkﬁﬁi+tm§il*zgl”?P}}“tmamhpmwa}

In comparing (8) with (10} we see that the first two terms
in the right hand side of both equations coincide, The difference het-
ween the two expressions arises from two types of effects.

{1} The denominator Dy is smaller than Dp and thus the

%In the K-T structure the only goods consumed at home are nontra-
deables, This assumption is responsible for the absence of a separate
effect of relative prices on consumption, which is only influenced by
income effects,
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multiplier (1/D4q) is greater than (1/Dp). This, of course, tells
nothing about the sign of the expression; it only says that the out-
come inside the kKey brackets will be amplified by a higher number.

{11} More interestingly, the effect of a devaluation on
cutput and employment becomes ambiguous when the government runs a
balanced budget. This comes from the influence of the third term of
expression (1G], which shows that the net jmpact of the fiscal =zector
on aggregate demand 1s now expansionary. The intuition for this result
goes as follows: an exchange rate increase redistributes income from
workers and capitalists {with propensities to consume smaller than
one} to the government, which has a marginal propensity to consume of
one, The net result of this transference 15 to raise aggﬁegate demand
and hence output and emplovment.

Thus, besides the popular income redistribution within pri-
vate agents there is another and perhaps more important one from the
private sector as a whole to the government. Different fiscal beha-
vior can fundamentally alter the the real income effects of redistri-

butions arising from a devaluation.

3.2, Taxes on income,

It has been assumed until now that trade taxes are the only
source of government revenue. In this section we will study the
effects of a devaluation on & totally Tiberalized economy {ty=ty=0)

where public expenses are financed by taxes levied on the incomes of
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workers and capitalists at a constant but not necessarily equal rate.

The new scenario involves some changes in the model, as shown below

{2') Py = PyTe

{(3') Py = Pyle
{(4') Yy = (@ pH+apXiwil-t,)
(87) ¥p = {z{appwrappPyli + (Py-apei)X)(1-tp)

where ty, and t,. represent the ad-valorem tax rates on

Tabor income and profits respectively.

If the government has a marginal propensity to save of one
{the K-T assumption) we can readily obtain the general expression for

the effects of a devaluation on output

(i1} dH e = iiﬁ%lm{"€Yw?“Yre}Kﬁ - {?W‘Mpm*e‘Yr'xpx*e)Kl}
ge H Do PpH

where v, =rull-tyl
Yr'=yell-tel)

By = {appm{i-ny (1t ez {l~vp {1-te) ) frapnPpe{1vz (1-yp{1-tp)) |

If we compare {11} with its counterpart under trade taxes
-gxpression (8}~ it is clsar that the first two terms inside the
parentheses should receive analogous interpretation as before, with

rthe relevant marginal prpensities to consume in (11) being those out
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of disposable income (vw' and yp'). However, the absence of a third
term reveals that fiscal policy has lost the “separate” influence that
it had under trade taxes.!® Indeed, if ty=t g, Yu=ty and if the eco-
nomy starts from a balanced budget, the devaluation has no effect on
output even if affecting fiscal revenues. These same conditions in the
presence of trade taxes would produce a contractionary outcome, as
clear from (8},

The reason for the above result becomes more evident when
we consider the effects of a devaluation under a balanced fisesa!

budget, shown below

(12} dH e = {i*z}) {“H?‘wﬁ“?”rlﬁ‘(tw‘”tr}?m}
de H  DgPuH
(0"t MPySer (y e e, ey |
where

@3m€a%hwf€1va§éiwtw}*zéxmvpﬁiimtpy}%amh@m*@{a@x{xmyrggxmﬁpy}g

Some comments on éh@ above expression are reqguired:
(i) As could be expected, the greater is ty with respect to t,., the
more contractionary is the effect of a devaluation because a relati-
vely heavier burden falls on agents with a higher propensity to con-
sume .,

[11) Unlike the case of trade twies, the expansionary sffect of the

100f course, the devaluation occurs without a change in the tax
rates.
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batanced government budget has dissappeared. Just as in {11}, fiscal
poiicy has fost ivs separate influence. Indeed, 1 we abstract from
differences in tax rates, when direct taxes are levied on private
income, government revenues and hence expenses will increase anly when
total %némme increases. Thus, +f a devaluation g contractionary under
Fixed 6 it will be nore contractionary when the fiscal sectop runs a
balanced budget because publtic spending will also go down,
Gonversely, if an exchange rate increase is expansionary under fixed
G, 1t will be more expansionary in the new scenario. This result can
be formally seen both becayse the multipiier in {11} is smaller than
its counterpart in {12} and because there is a new negative ters
mittiplying the trade deficit in the latter expression,

The asymmetry with the former case is by now evident, Put
i other words, when trade taxes are the only source of fiscal income
& devaluation unamiiguously raises government revenue and thus, with g
balanced budget, it pushes up total spending and income. Under incomne
taxes, however, the effect of an exchange rate increase in fiscal

income is ambiguous.




4. Nominal wage adiustment,

Many empirical studies, as well as casusl evidence, have
shown the existence of some stickiness in the behavior of nominal
wages for different countries and sempie periods. But sticky wages are
not the same as Fiwed wages, as K-T assume, and onoe we depart from
the very short run it is necessary to provide a mechanism for wage
adjustment,

Boing so will dmply adding a dynamic structure to an other-
wise static model. In the new scenario wages will be sticky in the
Gense that they will not react instantanecusty to clear the labor
market; rather, they will adjust downwards under conditions 0? EHRCBES
supply in the labor market and upwards when excess demand prevadils.

his defines a Phillips curve type equation which s specified below

(13} w = $(L-LF) iF Wl

maxl0, ${L-L¥V] $f wan

it

wWwith ¢'>0, ¢F '=0, &(0)=0
wWhere dewfd{%%m&}
L=current level of employment

Lo s"natural™ or noninflationary emplioyment lavel

Inflationary expectations are nct included in {13} because
the exchange rate and world prices are assumed to be fiwed apd thus

there 1s no inflation in the tong run, We further assume no pobutation
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growth and a totally inelastic Tabor supply; with this L¥  becomes a

constant, 1}

4.1. Wage dvnamics in the ordginal E-T7 framework.

The madel consists pow of eguations {(Li-07) and {13). It 4s
clear that in this modified scenaric the immediate effect of a deva-
Tuation can not be different than in K-7 since nominal wages are fixed
on impact. Rather, we will be interested in studying the dynamic pro-
parties of the system. In particular, stability reguires that ﬁ@fﬁwa@,

since the model has only one differential equation. We notice that
(14) dw/dw = (dw/dL) (dL/dw)} = @ ayp{di/dn)

Qur equation for output determination in the home good
market is obtained by replacing {[1)-{(5) and {7} in {8). Using this,
and after some computations, we can express (14} in terms of the

underlying perameters of the wmodel as

chw BoPp
+81p { T tMPy Ferypt, P, Fe ) )
ThtFwia™rm S5 ettt B0

whers K@’mangathmW@

Expression {15) s ¢learly positive under the original KT

assumptions, rendering the model unambiguousiy unstable,

Llgor the effects of labor supply responsive to the wage rate in a
static version of this model see Manson {(1883),




The intuition for this instabitity result goes as follows,
The devaluation, by decreasing real wages, depresses demand for home
goods and hence suiput and emplovment. But the increase in
unemplioyment, through the Philiips curve, drives downward the nominal
wage and with it the real wage. This further decreases demand and
there are no forces in the model to stop this downward trend,
Formally, we can notice that the sign of d&idw i exactly the opposite

as that of dH/de; thus, whenever a devaluation is contractionary

Cinstability is also present.

Graphically we can plot the eguation of wage dynamios and
the general equilibrium relationship between emplovment and wages from
the home good market (HH) dn {(w,L} space, as presented in figure 1.
The initial assumption about domestic goods being demand determined
implies that the economy will always Tie in some point of the HH sche-
dute, with the Tong run eguilibrium also reguiring wages to be at rest
{point E}. The preceding discussion tells us that 4f any shock {e.g. a
devaluation) moves the economy away from steady state, forces ﬁm.th@
model will further move us away from equilibrium. This explains the
divergent arrows being drawn through HH. We notice that the divergence
of the aconemy is discontinuous in the right direction. After a while
wages will turn so high that they will account for practically 100% of
the costs of producing H. At this point real wages become constant and
emioyment and home good output stabilize while nominal wages continue

their upward trend.
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The conclusion coming out from this analvsis 1s twofold:

{a} The original K-T model g considerably weakened if we allow for

some plausible response in Wages, becsuse by becoming unstasble 4t can

not be used for comparative static purposes,
{o} The fundamental result of K-T remains true, in the sense that a
devaluation has perverse effects. But this time the contraction

persists through time driving both coutput and employment to rero.

4.2. Wage dynamics, fiscal policy and stabiliby.

If government revenue comes entirely from taxes on trade
but now the fiscal sector runs & balanced budget, the stability issue
may be raitsed once again, Avoiding intermediate steps we can write

down the final expression for dw/dw as

(17) dw = ¢'ayyilez) [ 7r 1K+ (P Me -y Py e agy,

el B Py

{1V P Sea - {1y 1 XPy M eaq )

Thus, if the government runs a balanced budget we are no
tonger hopeless of achieving stability, depending on the latter two
terms of {17} being bigger in absolute value than the former two.

This result is gquite intuitive; the devaluation continues
transfering income in the "wiong” direction within the private sector.
But private agents as a whole redistribute income to the balanced

budget fiscal sector. If the former effect dominates, the devaluation
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depresses real wages on impact, aggregete demand and hence output and
employment; this further reduces real wages and the sconemy continues
tts downward trend. However, 4f the latter effect dominates a net
expansion in output and employment will ocour, reversing the downward
trend in wages, and stability would be achieved,

A balanced-budget fiscal sector not only exerts & positive
influence in the economy in front of a devaluation but alse contribu-

Tes, as a by-product, te its stability.
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B, Wage and export dynamics.

5.1. The new setun.

We have already shown that 1f wages slone adiust dynami-
cally one possible way to achisve stabiltity is having s fiscal sector
which spends the extra revenue generated through trade taxes by a
devaluation. Nmméth@%@ﬁﬁf it s a bit uncomfortable to have to rely on
this redistribution effect to be able to get back to eguilibrium,

A most natural way to search for stabilizing forces woutd
be to relax the K-7 assumption of 2 fixed supply of exports determined
by existing capacity, which has been carried on until now. Indeed,
available international studies such as Sachs (1982b, 1983 and
Larrain {1985 show a significant, negative response of employment
{and thus of output) to resl wages in the iradesble sector For both
industrialized and developing countries. The fact that the employment
PESPONSE 1% CONTEMPOrantous sugaests that a devaluation, operating
through a reduction in reat wages, has an effect in the supply of tra-
deable goods sven in the short run.

A straightforward extension of the K-7 model to allow for
export response to prices in a static framework will sieply introduce
ancther source of ambiguity in the devailuation effect on real income.

Bur attempt 18, however, to study the dynamic adiustment of the eco-
nomy aftter a shock. We will assume accordingly that exports ars

neither in Fixed suppTy, nor that they adiust instantansously; rather,
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they will respond through time to movements in the real wage., An
adjustment pattern such as this can be formally derived from an inter-
temporal profit-maximizing fiem facing adjusiment cosis in
Biring/ficing labor. This strategy has not been pursued to keep the
medel as simple as possible, avoiding expectational issuss.

Let the Tong run supply of exportable goods (¥%) respond to

unit profits in the standard form

EH

(18} X* = 8(P, Fe-ay,m) g0 for (P Fe-aq1,w)>0

= 0 for {?xﬁ&w&¥xw}£@

The above equation is ad-~hoc in at least one important
respect. In principle, output should respond not only to the current
tevel of profits but also to the entire path of future profits. This
Himitation becomes serious in an economy where nominal wages guickly
respond to price changes,!? but looses importance the slowWer wages
catch up with inflation., Available empirical evidence tends to support
this Jatter view. In a study of 24 devaluations for the period
18953-66, and inciuding wost major exchange rate changes in developing
countries, Cooper (1971b) found that Y. ..twelve months after
devaluation. .., general wholesale prices will have risen less than
this, consumer prices witl have risen by about the same as wholesale

prices and, except where devaluations are small, manufacturing wages

12pgp exampie, if short-lagged wage indexation is a widespread
phenomena .,
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will have risen by less than consumer prices...Thus nomwage income of
amploved factors ~mostly profits and rents- show an increase in =T
terms a year Yater and it is this increase that provides the incentive

for the necessary reallocation of resources. . "1 Larrain {1985) has

also presented evidence for 12 developing countries indicating that

devaluations, except when small, tend to reduce the product wage in
the manufacturing and #;ining sectors,

In our scenario the level of X is fixed on impact: its

response through time is given pyld

(181 X = ¥{x*-x) i X0

= max[0, P(X*-X}] if X=0

with ¥5»0, ¥(0)}=0

¥ a0 for X¥u¥

e for X¥ex

Tim ¥{X*-X) = -

K o

The parameter of export response (¥'} has been specified as
an increasing function of the difference between the current and
desired Tevel of exports. Thus, the more a devaluation increases per-
}um%t profit, the faster will exports increase towards theip Tong run

aquitibrium. On the other hand, +f profits are Sqmaez&@ by wage

Yigpoper (1971b), p. 27-28,

141t 45 immediate to se that a function Tike ¥{ (x"=%}/%*}, which
has the same conceptual interpretation as %{X*mx§, satisfies the Timit
condition in {19). We have not used it for reasons of tractability.
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inereases g0 that ix*MX} turns negative, exports will contract
increasingly faster as this gap widens. When profits are down to zerp
or turn negative export production will tend to stop altogether, This
pattern of response is illustrated in figure 2,

Replacing (18} in {19} we get

(20} % = ¥{6(P, eray,m) K

From (20} we can start studying the Jacobian matrix of the

dynamic systen
(21} aX/8X = ~¥"

(22} 8X/0w

#

i ﬁé—"%g},;

Wage dynamics are specified starting from eguation {13},

after some computations we arrive to

(23) B = ' ayp (1920 { (r~ e 1Ko +a 1y (1P Yoy XPy e} |
dw [Py

where
Dg = {aypwi {1y )z (i-ye) JagnPy¥e (142(1-v,) )}

From {13} and the employment fdentity

(24) 3w = ' {31 ramyr )ity Py el sany

3.4 By
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Both expressions {23} and (24} are positive under the

current working assumptions,

B.2. Local stability.

We have thus twe downward stoping scheduies in (X,w) space
{iwﬁ ar &wm} whose relative stopes will presumably be related to the
issue of stability. Writing the dynamic system in matrix form around

the steady state

5=
0
e

%

{z8)

= .
3
{
E

Where Z is the Jacobian or transition matrix whose elements
rare (213, (22), (23) and {24}, Local stabiiity in this predetermined-
variables model requires both trace (21«0 and determinant(Z)}»0 to
guarantee that the real part of the eigenvalues of 7 will be negative.

(26) tr(2)=-¥" + ¢'ayp(1+2) { (v 7r ) an,XapnPrtatn (YuPn =Y rXPy ) |
DaPy,

(27} det(Z)=1"9" {ay{ (a1 /0g) {{vw=rr ) a1+ ypPy ) +agy)

“ayp (102} {7 7r ) atXannPn ta 1h (ruhPy-7pX0y) |}
B4Ph

where ¥' has been evaluated at staady state,

Even though both (26) and (27) have ambiguous signs, therse

are three parameters which play a kev role in the above EXDressions:
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ta) The speed of adjiustment of axports toward their long run Jevel
{t'); the higher this value, the more Tikely that the trace conditien
will be satisfied, although it has no effect on the aign of the
detarminant,
(b} The parameter of wage sdiustment (') influences only the trace:
the higher it i3, the more Tikely the unstable cutcoms ocours.

From {28} the exact relationship between these two coef-
ficients and the parameters of the model for & steble trace condition

15

te) The long run response of Bxports to price dncentives (8), even ¢
it plays no role in the trace, the higher its value the more Tikely
that the determinant will be positive. The exact relationship for this

conlition to be satisfied {g.

{28} ¢ » {{ywwy?}a¢MXﬁthm+a;h{ywwﬁmmypxpx}}
{33%€§?wwyr}a¥xw*ywwx3@ﬁ?xﬁ@§

Therefore, stability requires both a fast adjustment of
exports and a high Tong run response of them to price incentives, That
the source of potential instability arises from the interaction of a
demand determined home good sector and the Prhitidps curve s also

clear. Indeed, if the contractionary effects from a devaluation coming




from the different marginal propensities to consume and the initial
trade deficit were not present, conditions (28) and (29) get imme-
diately satisfied.

We also notice that, as could be expected, the relative
slopes of the two Eami.&md the stability issue are not independent.
From equations (23}, {28} and {29} 4t is apparent that the value of &
required to make the determinant positive is exactly the same one
needed for the w=0 locus to be stegper than Xl)

in figure 3 the two possible cases are presented. From the
lt?anaitimn matrix 4 we can draw the corresponding arrows of motion and
study the direction of forces impiied by the resulting vectors in each
of the four regions. This confirms our earlier discussion: when X=0 is
steeper than w=0 (case of a Tow 8} a clearly divergent path when away
of equilibriue arises, On the other hand, when ¥=0 is flatter than the
wage schedule the system presents a counterclockwise movement,

What & the economics out of these stability conditions? We
recall that a devaluation, by cutting real wages, has both a contrac-
tionary effect in the demand for howme goods and an expansionary
influence on exports through time. In figure 3B the long run export
response 15 not big encugh and the contractionary effect dominates: in
this case unemployment will dncrease putting downward pressure on the
wage rate and leading to the unstable outcome. However, & being suf-
ficiently high to guarantee that the relative slopes are correct as in

figure 44 is not enocugh for a stable ocutcome. From now oh we will cone
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centrate in the case in which stability depends on the relative sperids
of adjustment of wages and exports (the trace condition), assuming the
determinant to be positive and thus ruling out case 3p,

Since the trace is now the sole condition which detersines
stability, we can distinguish two possible cases from equation {os)y
which will be iltustrated graphically andg conceptually with the help
of figure 4,

) If exports adjust slowly relative to wages condition {(Z8) will not
be satisfied and we can expect the unstable outcome. This situation
may be visualized by starting at a point like A 4n flgure 4, where the
Wage is Tow enough to encourage the export sector and unamp foyvment
prevails. The economy beginsg moving south-east through the dotted Tine
with the wage declining due to unemployment and exports moving sltowly
upkards, At B the wage stops moving (the natural Tevel of unempn i ovment
18 reached), but there still remain incentives o expand exports, this
leads o overemploviment and w starts figing. At O exports BTOR growing
but overemployment keaps increasing wages. Now, 1f exports would
respond fast we will soon move in the horizoanta! direction: but this
is not the case and the adjustment is more Upwards than to the left,
Continuing the analysis it is easy to see that the system diverges,
{14} Conversely, if exports are fast to react relative YO wages cop-
dition (28) will be satisfied and Toea stability is guaranteed. Lot
us start again from point A; this time the low wage makes BEHDOr S
expand rapidly and the eConomy moves from & to B through the solid

Tine. Once w crosses the X=0 favel (above CH} exports take 2 smal)
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period of time to contract. We quickly converge to equiTibrium through
the solid path AB'CYE,

Notice that in the adjustment process the home good sector

" iy also reacting. In region I while wages fall employment is expanding

pecause exports increase; the net effect on labor income and thus on
the home good sector is ambiguous. Region II, with exports, wages and
emplovment growing 1% a boom period for the whole economy. On the
contrary, area IV is a period of generalized depression. The situation

in the four regions is sumparized in Table 1,

TABLE L1
Region i iI 11 iV
Sector
Home goods ? Syt alel ? contract
Exports exnand axpand contract contract

.4, Towards global stability.

So far, we have just snalvzed local stability around the
steady state and concluded that only if exports adjust fast enough
relative to wages the economy Will go back to equilibrium when a shock
disrupts it. In this section we will show that even if this condition
is not satisfied the system has forces that will drive it to a stable
cycle at some distance of the equilibrium. Thus, the fact that the

economy is not locally stable around steady state does not mean that
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it will explode through time.

it 18 clear that if the model were totally linear, local
and global stability conclusions will necessarily coincide. Indeed,
local dynemic analysis is done by linearizing around steady state
which is obviously unnecessary when the system is already Yinear. Our
madel, however, has two sources of nonlingarity as defined: on the one
nand it is defined only for positive values of w and X, and on the
other, the speed of adjustment of exports (¥'}] ipcreases the farther
away 1s the current level with respect to the desired one. The idea
behind this formulation is that if we start from ot Tibriom, as wages
fall {increase) the export sector becomes fnereasingly profitable
{unprofitable) for given exchange rate and world price, and thus
exports would reasct faster,

We are then interssted in studving the case where local
instability ocours {tr{Z}>0, det(Z1>0), but in which export respon-
siveness grows with the distance from equitibrium. Supposes for a
moment that the value of ¥' relative to the other parameters of the
model 48 such that the trace at equilibrium is very close to zero
{i.e. the system is borderline stable or unstablel, Thmﬁ we can appeal
to Hopf bifurcation theory (see Mas-Colell (198353115 and ocbtain the
existence of a Hopf bifurcation cycle as the gcanomy goes from stable

to unstable (or viceversa). Technically, it is necessary that the

LoFor an advanced mathematical treatment on Hopf bifurcation see
Hessard, Kazarinoff and Wan (1981).
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trace has some nontinearity embedded, which +s guarantesd in our model
by the shape of the export adjustment function. It should be kept in
mind, as Mas-Colell (1985) remarks, that Hopf bifurcation is still a
tocal apalysis of dynamics in the neighborhood of the steady state,
since the trace condition looses its meaning when going away of
equilibrium, A plausible form of the Hopf cycle is shown in figure 5,

The appropriate study of the stability properties of the
Hopf cycle involves examining third, fourth and aven higher order
derivatives of the functions. This task may be perfectly justified for
a mathematics study, but lacks any significant economic meaning and
Will not be attempted. Getting the correct stability conditions by
ill-grounded assumptions about the ¥ and ¢ functions will not improve
our understending about how the SCONomY wmrﬁﬁu

Rather than going in that direction we will go in ancther,
tess restrictive way. An attempt will be made to show that the syshem
has at least one stable cycle by using the Poincare-Bendixson theorem,
valid for global dynamic analysis and with no restrictions in the size
of the trace.l16 Following Beckman and Ryder (1969}, Benassy (1984} and
Mas-Colell (1985) the conditions for the existence of this type of
cycle are:
{1} The long run equilibrium is unstable.

{11} There exists & bounded, invariant and simply connected region.

167he analysis of Poincare-Bendixson is caprried through for the
case in which the equilibrium is unigue. If the global extension of
condition {29} is met, unigueness unambiguously holds, However, (29)
is sufficient but not necessary for a unigue equilibrium, and thus
stronger than we need,
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Definitions:

(B,1) Invardant region ds one which iz absorbing in itseif, that is,
gvery point starting inside the region will remain inside it

(.2} Globally asbsorbing iz a region where every point will enter in
fintte time {either starting inside or outside it).

0.37 Informally, the sipply conpectedness condition means that the
region has no holes inside it

Theoremn: The dynamic system defined in squations {13) and {18}, under
the concditions in (13}, {18}, and {19) conteins at least onhe stable
oyete,

(4} and (14} for a Poincare~Berlixson cycle are met. This s done
below.

Condition [1) 4s fmmediately met when the trace is negative
around the steady state, which is the case we are analvzing.

To show condition {11} we need to construct a region with
the desired characteristicos, which will he done with the help of
figure §. We first notice that the two axes are natural boundaries
since the system s only defined for positive w and M. Let us start in
a point Vike &, to the right of the intersection between the Qwu tocus
and the horizontal axis, where the level of X i higher vhan its
ggut Vibrdum, The dvnamics of the model start poving the economy north-
west, with wages rising and exports contracting. As wages rise the

export sector moves farther away from equilibrium, speeding up its
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oW reaction; because export contraction finally dominates over the
upward trand in wages the econhomy moves in a path 1ike AB, collapsing
in the vertical axis. By the conditions in {13} and {19} the point of
Jintersection of this trajectory and the wage axis can be -at the most-
at ©. Exports are there at equilibrium but forces still exist in the

economy to decrease wages. Once peoint © is crossed exports are again

profitable and, with wages falling, the movement is south-east. It
becomes then clear that CABCS is & bounded, invariant and simply conh-
nected region inside of which there exists at Jeast one siablse limit
cycle as figure & shows. This completes the proof of the theorem.

The region 0ABLG 45 not globally absorbing since, for

example, points starting above wy will not collapse into it within a
finite time. Rather, those trajectories will touch the vertical axis

above wy and will remain at the level of X=0 with nominal wages

steadily increasing. Real wages, though, will converge to a constant

value as labor approaches 100% of the costs of producing the home

good. At that point a1l real variables in the model will have reached
stationary values.

Combining the Hopf bifurcation {HBE) and the
Foincare-Bendixson {(PB) analyses we have three possible cases:
(1} If the HMB cycle exists and is stable, then there exists at least

one stable cycle in the system, since {1t way happen that PB and HB

coincide.

{11} If the HB cyele exists amnd s unstable, there exists at least
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one other stable oyele, since PB s always stabie, The wintpum number
rof eyeles in this situation is two: one stable and one unstable.
{19} If the HB cycle does not exist, there is at Teast one stable
cycle in the system (PB}.

Notice that a large value of ¥' (fast export adjustment) is
not enough to generate cycles. I in addition Wai) the system will be
giobally stable, provided condition (28) 15 wet, but no cycles will
GoCue,

The theoretical resultts analyzed are an adsquate reprasen-
sation of the situation lived by many third worid nations. In par-
tieular, Latin-American countries typically underge cyeles in which
periods of slow overall growth, booms and recessions alternate. This
i in the spirit of the predictions of our model, as iTlustrated in
the four regions of figure 6. If we start at point D, the economy 1%
beginning a boom period (region I1lj with both exporis and Wages
expanding. The boom runs out of steam because real wages get too high,
squeezing exports {111} and a recession is so-portas. The farther away
from equilibrium with wages rising, the faster experts contract; at
some point wages can no longer keep rising and unemployment starts
developing. A deep recession then develops with wages and exports
falling {IV}. After a while wages have fallen encugh and exports are
again profitable {(region L}; wages will continue falling until the
export sector has expanded enough. When the economy reaches point U a

full cycle has been complieted and the process ig sbout to start again,
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It s important to notice that the existence of cyoles with
large amplitudes can enly be accounted for by Poincare-Bendxson type
analysis, Hopf theory is only a ltocal phenomenan ocourring in the
vicinity of the steady state which ean not explain wide fluctuations,

This analysis suggests that for a good number of developing
countries neither neo-classical nor structuralist models may be applii-
cable, If the supply-response forces in the sconomy are weak enough
around the steady state the tong run eguilibrium will never be
reached. This does not imply that the economy will diverge towards
Zero output and employment, which would happen if wages keep falling
and supply does not react. The outcome is likely o be somewhere in
the middle, with the economy undergoing a stable cyele at some

distance from the equitibrium.
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6. tonclusion.

Thig paper has besn fooused on the potential contraciionary
affects of a devaluation and the subseguent dynamic adiustment of the
economy after 1t. The starting point 8 Krugean and Tayior {19708}
{R-T) who emphasize the redistribution effects of a devalustion from
an inttial trade deficit, drawing on earlier contributions by
Piar-Atejandro (1983, 1868), Robinson {1847}, Hirgschman (1449) and
Cooper (18Tia). Their main conclusion is that a devaluation s unam-
biguously contractionary, & hardly surprising result given that
exports are in fiwed supply and there is neither substitution in pro-
duction nor in consumption in their sodel. An additiona} source of
contraction arises from the fiscal sector whose Tevel of expenditures
s Fixed regardless of the evolution of revemes,

If the govermnment is allowed to run a balanced budget, the
effect of a3 devaluation on output and employment becomes ambiguous.
This resuit happens because the exchange rate increase redistributes
income not only within the private sector but alse from the private
sector as a whole to the government, which fully spends the extra
revenue. If the balanced budget fiscal sector s financed from income
taxes rather than trade duties, the sign of the devaluation's effect
on output is not altered from the K-T conclusion, and (s magnitude is
higher.

ODynamics are later introduced in the model by letting wages

sluggishly adjust through time. In this scenario the devaluation con-
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inues belng contractionsry, but in addition the sguiiibrium is shown
to be unstable because the initial reduction in real wages decreases
demand for home goods which in turn reduce snplovment, bringing the
real wage further down; there are no forces in the model to stop this
dosnward trend.

& more realistic scenario is then set With exports
adiusting through time in addition to wages. This extension is
sugoested by smpirical studies such as Sachs (1982b, 19833 and Larrain
{1985} which show a contemporaneous response of emplovment {snd thus
of output) to real wages in the tradesble sector for a group of
industrialized and developing countries, In this framework, local
stability around steady state 1s achieved both with a high long run
response of exports to price incentives and with a higher spesd of
adjustment in exports than wages. Becauss the wmodel has some nonli-
nearities embedded, the existence of local instability does not imply
glabal dnstability. Indeed, when exports adjust siowly in relation o
wages around the steady state the economy is locslily unstable, while
at the same time it undergoes at lteast one stable covele. In par-
ticular, conditions are discussed under which a Hopf bifurcation cyole
and a Poincare-Bendixson Timit oycle exist.

The key element explaining the existence of a
Poincare-Bendixson cycle {the one more relevant to explain wide fluc-
tuations) is the pattern of sxport response, whose velocity increases

(retative to wages) when going away from eguilibrium. Thus, if we con-




stder a devaluation which is contractionary on impact, at some

distance of #tesdy state the expansionary forces coming from export

reaction to increased profitability will be strong enough to offset

the negative influences arising from {ncome redistribution and the
inttial trade deficit. This stops the divergent path of the sconomy.

This analysis seems an appropriate representation of the

reatity in a number of developing countries where neither neoclassical
nor structuralist models ssem Tully appiiccable. The sunply-responss
forces may be woak enough around steady state so that Tong run

equilibrium will never be reached. This does not dfmply that the sco~

aomy will diverge through time towards zere output and employment,

wWhich would happen 17 wages Keep Talling and supply does not react,

Rather, third world countries typically undergo periods of siow growth

interrupted by booms and depressions, the characteristics of the oyele

desoribed in this paper.
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