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Inflation and Unemployment in Open Economies

Betty Daniel*

I. 1Introduction

Since Phillips first introduced the notion of a stable, nega-
tive ielationship between inflation and unemployment, economists have
debated its validity on theoretical and empirical grounds, Opponents
have argued that if labor supply and labor demand both depend on the
same real wage, then unemployment is fixed at the natural rate implied
by that real wage, regardless of the raté of inflation, This "Pﬁillips
Curve", interp;eted loosely as the relationship between inflation énd
- unemployment, is vertical instead of negatively sloped. To obtain a
theoretical justification for the sometimes observed negative relation-
ship, economists have appealed to the hypothesis that the real wage as
perceived by ﬁhe worker may differ from the real wage perceived by the
employer, Speéifically, an increase in the price level is immediately :
perceived by the employer as a reduction in the real wage.sincg the price
of his product has risen.- Workers do not realizelthat the general price
level has risen and therefore do not perceive 2 reduétion in their real
wage., Thus, with higher inflation, greater output is possible until

workers learn that the real wage has fallen. The latter induces a
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bidding up of nominal wages returning real wages to their £qrmer levels,
This hypethesis yields the negative relation between inflati;n and
unemployment in the short-run, but requires a vertical Phillips Curve in
the leng~-run, In his Nobel lecture, Friedman cites recent experience
which suggests that thexe is a positive relationship between high rates
of inflation and high unémployment.l/ This paper offers a theoretical
explanation for this phenomenon,

Most work relating rates of unemployment to rates of infla-
tien has been done in the context of a8 closed economy. In the recent
past, countries have become relatively more open and the system of
fleating exchange rates, adopted by the major industrial countries, has
greatly impinged on domestic economic activity,

This paper investigates the concept of a natural rate
of unemployment in the context of a small, open, flexible
eschange rate country, In the long-rum, & natural rate, dependent
on real variables including the terms of trade, exists, Inbthe short
run, output can differ from the natural rate even when workers and
employers have full information and rational expectations, This is
tecause the real wage from the ewployer's point of view differsfrom
the real wage ffom the worker's point of view; the latter must inciude'
the price of imports, mot domestically produced, to adequately measure
the purchasiog power of vages, The short-run relati;nship between

inflation and uweemployment is imvestigated,
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Recent work on countries with flexible exchange rates
has explained the observed high degree of volatility Qf excéange
rates using the assumption that asset markets adjust f#st
relative to goods markets. In the analysis presented<h;re, wages and
prices are sticky allowing for disequilibrium in the labor and goods
markets at any point in time, Output and employment are determined
by the minimum of supply and demand, Rate; of return on assets adjust
instantaneously, resulting in continous maintenance of gquilibrium in
these markets, The éssumptions have interesting implications for the
relationship between unemployment and inflation,

Specifically, the implications of monetary éxpansion and
constraction are investigated, Monetary contraction yields observations -
of a low rate of inflarion together with a high rate of unemployment
implying the existence of the typical negative relationship between infla-
tion and unemployment. Monetary expahsion, however, yields observations of
a high rate of inflation and low output and employment implying the
fecently observed positive correlation between inflation and unemploymen;.
Furthemmore, since the effectsof monetary expansion and contraction are
asymmetrical, the analysis implies that the;e is no stable relationship
between the two aggregates over the short run, The long-run Phillip§
Curve is vertical at the natural rate implied by the long-run terms of
trade. ‘

II. Model
A, Expectations and Perfect Capital Mobility
' The model presented here is an adagtaﬁion of that used by

Dornbusch in "Expectations and Exchange Rate DynAmics".gj As in Dornbusch, -
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domestic and foreign interest-bearing assets are assumed to be perfect
substitutes, The domestic rate of interest equals the fofeign interest
rate, r*, plus the expected rate of depreciation of the domestic currency:

(1) r = t* + E(e).

Also, as in Dormbusch, the expected rate of change of the
exchange rate is assumed to be proportional to the difference between the
long-run value of the exchange rate, which is assumed known, and its
current value. This hypothesis is consistent with perfect foresight as

is demonstrated later in the paper, Letting € and e denote respectively
the logs of the long-run equilibrium exchange rate and the current rate,

we obtain:

(2) E(e) =6(e - e). -

People also form expectations of the rate of inflation of
the price of domestic commodities., Under perfect foresight, the expected

rate of inflationm, E(ﬁ),‘equals the actdal rate, This results in:

(3) E(p) = d.
B, Goods and Labor Markets

The domestic country is couwpletely specialized in the production
of the domestic commodity, some of which is exporte&. It imports a
commodity produced in the rest of the world whose price in terms of foreign
currency is fixed, Domestic wages and the prices of domestically produced
goods adjust slowly to equilibrate demand and supply in the markets for
labor and for commodities., At a point in time, these markets can be

characterized by disequilibrium, The quantityof labor used and the level
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of output are determined by the minimum of supply and demand.
In the long rum, prices and wages equilibrate supplies and
demands. |

The log of aggregate demand for the domestic commodity
depends on the log of relativé prices, e-p, on the log of real
income, y, and on the domestic interest rate, r, acégrding to:2

(4) lInD=u+? (e=p) + vy -0 r.

The demand for labor is, in turn, assumed. to depend onb
aggregate demand, With a fixed marginal product of labor,ﬁ/labor
demand equals the labor/output ratio fimgs aggregate demand. The
log of labor demand therefore equals:

) lnLD= InT + u + &(e-p) +vy -0 r,

At ;ny instant, labor supply depends on the purchasing powér
of the nominal wage. 'The‘relevant index to deflate the ﬁoney wage is
therefore a consumer price index which contains the price of imports
as well as the price of domestic goods. t; are fixed éeights used
to construct the index, and 7tj = 1. The log of labor supply is

therefore:
S ‘
(6) InL =g (v -t p =~ tee)
|4 5/
where ais the elasticity of supply with respect to the real wage.
In the short run, wages and prices of demestic goods are
sticky resulting in disequilibrium in the labor and goods markets.

The quantity of labor actually utilized is determined by the minimum -

of labor supply and labor demand, as ia (7):
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(7) 1oL = min. [(-log + u + §(e-p) + Yy=o1); o (v - £P - tee) ),
Qutput in the short run must equal the minimum of demand-determined and
supply-determined output, resulting in : |

(8) y = min, [ I%; (u + §(e=p) - 91r); In™ + a (w - tpP - t.e)l,
where 1 - ¥ > 0,

Over time, the anticipated real wage, the noﬁinal wage deflated
by the expected consumer price index, adjusts to eliminate excess demand’
in the labor market. The price of domestic commodities is bid down to
costs as the real wage is adjusted to the fixed marginal product of labor.
Under the expectations formation hypothesis described previously, the
xpected rate of increase in the consumer price index, é, can be expressed
as:

@ a=tp+te 8GE-e).

Thefefore the rate of change in wages and-pfices is defermined
by:

(10) p=w=g[-ln" +u+§(ep) +¥y - Or - ot (p-e)]

+ tpf) + tee(E-e).
Labor supply is expressed as @ t.(p-e) using the substitutions that

W = p and te = 1 - tp.

The foregoing specification of the labor and goods markets is a
simplification of a more thorough specification which would require
distinct adjustment mechanisms for p and for w. Little generality is lost

. ' ‘.
by fixing the real wage (through the assumption of a fixed marginal product

%
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of labor) when the analysis is confined to monetary as opposed to
real shocks, since the former do not require a change in the
equilibrium real wage.é

In the long run, equilibrium is attained in the goods and
labor markets; p = W= 0, r = r*, and demands and supplies of
commodities and of labor services are equated. The long-run level of
output, and identically, the natural rate of unemployment, depend

- -7
ultimately on the long-run terms of trade (p—e)T/ The monetary shocks

analyzed in this paper do not affect these relative prices, but real
shocks could, Improved terms of trade, resulting from an increase in
demand, imply a lower natural rate of unemployment and a higher level
of output. Analogously, deterioratgd terms of trade decrease the
natural rate of unemployment. The long-run equilibrium level of out-
put is endogenous to the system to the extent that the long-run terms
of trade are endogenous,

Using the definition of the long run described above and

equation (10), the wage-price equation can be written as:

o B - Bte -
(11) p==[( + at)p-p) - (¢ + wt, +96 - ) (e-e)

te p
<y @],
C. Money Mafket
The money market is identical to that used by Dornbusch.

Real money demand depends positively on real output and negatively on

the domestic interest rate, The function i{s log linear in the interest
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rate and in the logs of the nominal money supply, the price level

8/
and real income:

(12) m=-p =9y - L.
Imposing the assumptions of perfect capital mobility and perfect
foresight results in: |

(13) m - p =9y - Ar* - A\8(e-e).
Equation (13) can be solved for .the xelationship hetween tire current
exchange rate, the price level, ard the long-run exchange raté under
conditions of asset market equilibrium. A bar (-) denotes the long-run
equilibrium value of the variable. The short-run price level from equa-
tion (13) can be expressed as: |

T (14) p = m - gy + Art + OA(3-e).

In the long run, current and long-run exchange rates are equal, and
y = i,yielding an expressi;n for the long-run equilibrium price level,
7.

(15) p=m-9PF + rr*
Using equations (14) and (15) we derive abrelationship between the ex-

change rate and the price level and output under conditions of asset

market equilibrium:

(16) e=28 -1 (p-p) - & (y-9).
N

eA



D, 8olutions=~time paths

Since output is determined by the miniﬁum 6f supply and demand,
there are two sets of time paths for the variables depending on whether
output is supply, or demand~determined., Using equations (8) and (16) to
golve for the short-run values of the exchange rate and the level of out-
put as functions of their long-run eqdilibrium levels and of the deviation
of shert from long-run price, under the assumption that output is supply=-

determined, yields:

17) e=e+ Litoxte (5.,
(17) e=ce P Gat (P-p);

- oA -

(18) y=7 - ‘-é;%i-:-“-%’ G-p)-

@) = o@te can be signed positive under the assumption that an
increase in thé exchange rate must reduce the excess supply of money
allowing for the effect of the exchange rate on outpuﬁ. The exchange
rate moves in the opposite direction of the price level and output moves
with the price level wheh output is supply determined,

Analogous expressions can be derived for the exchange rate and
for the level of cutput under the assumptioﬁ that output is demand

determined:

- (1-v)-p8 - ' v
* - on).
(17*%) e=c¢e¢ + ey ot (2 e)(p P);
) (8*) y=y+ stoatsen (-p).,

(1= &) +o (3+09)
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The exchange rate moves ambiguously with the price level and
output changes negatively with the price level when the system
is demand-constrained.
Substituting (17) and (18) into (11) yields an expression
for the rate of inflatio'n as a function of current and long-run

prices when output is supply-determined:

(19) p = V (§-p), where

v=_2*

—_— [(-y) (o tga) tate) + 0 g(liva t,) + §(1+6))
te[pA-pote ]

- fie_ (l‘kp,:yte)]
8

When output is demand determined, the r»<e of inflation is determined

by (19%) which is derived by substituting (17%) and (18%) into (11).

(19%) p = V* (p-p), where

Vi = B 1-¥) (O a3 + + - ate
o eGP (o F et ® oty =50

. ote
+98@1 +o ot) +§ + 8 v&+ Tcps]

The foregoing expressions for the movement of prices are

consistent with perfect foresight when @ = Vv and % = V¥,

o =-3% JB® - 4AC  and g% = -B* T |/ 52- sarce

24 A%

where A = )¢,

2 : +
B=gpat, =g (I-Vatypo (t+oca ty) B a8 te(1+m°fte)

o ey b
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cC= —g(l-Y)d t, - 83

Ax =\ tg (1-y) + %0
t .
px =98 - g(l-\{)(o' ton +g M- -;e-)-acr QL+Pate) - gAve - te¢p5

gk =g A-Note - B

since - 4AC and -4AXC* are unambiguously positive, 2 stable root for
g, consistent with perfe‘ét foresight, can be chosen. Stable g and g*
k4

are positive.
are expressed ‘as:

The time paths for the price level

v

20) p(t) = b + (Po7B) =P (-Vt);
= p + (po-P) exP (-V*t).
the paths for

(20%) p(0

the exchange rate

For supply determined outputb,

of output can be derived using (17), (&) and (20):
4ot :
e (po-P) exp (-Vt);

e(t) =E+._...———-—-

and the level

(21)
en-wate
- (eatl)at
(22) yiv) =79~ (e)\_q,) T, (p,-p) exp (-Ve).

For demand-detemined output, the paths are analagously:

=3 1-Y-0b -5 - .
(21%) e(p = ¢ + (1-y)ex+¢(a+oe) (po-P) exp (-V*t) 3

-3 +o8+66 (oD
(22%) y(&) =7y % (1-3)9;\ N GED) (po-B) &P (-V*t) .
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E. Short and long-run equilibrium
p=0
A

Figure 1 e

Figure I can be used to describe short and long-run equilibrium

positions. The AA schedule requires equilibrium in the asset markets for

a given level of output. An increase in e creates the expectation of a

future fall in e thereby lowering the domestic interest rate. This «-
’ ) "

creates an excess demand £or motey.,, r&cuirine a fall in the pricg level
to maintain money mnarket equilibrium. The AA curve shifts right with
an increase in the money supply since a higher price and exchange rate
are necessary to reduce the excess supply of money. Aﬁ increase in

output, creating excess money demand, requires a fall in the price level

an
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in the exchange ratershifting the AA curve left. Since asset
market equilibrium is instantaneously attained, tﬁe economy must always
be on the AA schedule.

The p = O schedule describes the condition for goods market
equilibrium, Qutput supplied must equal output demanded (y=§). An in-
crease in the exchange rate creates excess demand for the domestic good
which can be alleviated only by an increase in price. %§?>1 since an

increase in e decreases the interest rate increasing_ aggregate demand.

The economy attains goods market equilibrium only over time.

III. Policy and its Implicatioms
A, Monetary Expansion
Consider the long-run effects of monetary expansion. No real

variables are affected requiring Qﬁ = d& =1 and 4Y=0. 1In Figure IA,
dm dm dm

the AA curve must shift out along the 45° line,such that these results hold,

to Az. In Figure IIA, aggregate supply and demand curves for the domestic

A.

Figure IIA
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commodity are represented, Notice that the supply of output is coin-
cident with the demand for output. until the relative price falls
enough such that labor actually utilized is constrained by the quantity
of services workers are willing to provide. No real variables are
affected when the money supply changes and there are no shifts in the

supply or demand curves. Long-run real output is unchanged.

Consider next the impact effects of monetary expansion.

Monetary expansion increases P causing a reduction in output of

:iﬁlii%zfs according to equation (18). From (17), the exchange rate
8A~pa

increases by 1 + 1dpote | It should be noted here that overshooting
' A “pate
of the exchange rate exceeds that attained when output is assumed to be

fixed, Dornbusch found the impact effect on the exchange rate under

conditions of fixed output to be 1 + L « Overshooting is greater in
oA

this case because the induced fall in output reduces money demand,
exacerbating the excess supply of money. An even larger decline in the
interest rate, caused by a mévement of the spot exchange rate relative
to the long-run equilibrium rate is necessary to equilbriate the money
-market, According to (19), the rate of inflation increases,

The intuitive explanation is as follows. The increase in
the money supply depreciates the exchange rate, This reducés the
real wage from the workers' point of view because it increases the

consumer price index. The economy instantaneously moves down along the -
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supply curve in Figure IIA to R. Quantity demanded increases due
to the lower relative price of the domestic good, but output falls
gince quantity supplied falls, The fall in output exacerbates the
excess supply of money causing AA to shift further right than implied
by its long-run equilibrium position. Increased money supply and a
lower domestic income require a fall in the domestic interest rate
to maintain money market equilibrium. This is accomplished when the
domestic curréncy depreciates beyond its long-run equilibrium value
thereby generating expectations of future appreciation. Upon impact,
then, the economy settles at an exchange rate implied by point Q in
Figure IA and at a level of output implied by point R in Figure IIA,

The rate of inflation of wages and prices is higher,

As prices increase, equations (21) and (22) describe the paths of
the exchange rate and of income. ‘The éxchange rate falls and output in-
creases. The economy moves up along the supply curve in Figure IIA. As
outpﬁt increases,A'A' in Figure IA shifts left toward AA, The exchange
rate is falling to its new long-run value,e.

Consider now the implications of this analysis for the relation-
ship between inflation and unemployment. § -y 1is used to represent un-
employment in Figure IIIA. Full employment is definzd as long-fun out-
put. This implies that positions where labor is on its supply curve,
but where the quantity of labor firms wish to hire at the given real

wvage is not satisfied, full employment does not exist.
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Y=y

Figure IIIA

The impact effect qf monetary expansion ié to create higher
inflation and lower output (higher unemployment) moving the economy
fram the origin to say, point A, in Figure IIIA?/ Ag adjustment
proceeds, with rising prices, the rate of inflation and unemployment
both fall moving the.gconomy back to the origin. One observes a .
positive correlation between unemploymeug levels and rates of inflatiom

during the period of édjustmenf.
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It should be noted that the foregoing was a consideration
of monetary expansion from a point .of equilibrium. If monetary
expansion were undertaken from a disequilibrium position caused
by monetary contraction such that excess supply exists in the
labor market and output is demand-determined, monetary éxpan-
sion, by depreciating the exchange rate, could increase the demand
_fo; labor and output without reducing the supply of labor to the
poiht where the supply constraint becomes binding. This would result
in a monetary expansion increasing real output, This same result is
derived in aggregate demand models where the supply constraint is
never binding, either because there is an excess supply of labor.of».

because labor supply is infinitely elastic,

B. Monetary Contraction
The long-run effects of monetary contraction are exactly

opposite those of monetary expansion. No real variables are affected

i ring 9D dé - dy - .
r = =1and %Y. = 0, In Figure IB, the AA curve
equiring ryar iy o an: I In Figure IB,

must shift leftward to AA such that-these results hold..

J ’ ,a 450

p-e

Figure IIB
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The supply and demand curves in Figure IIB are unaffected as no real
yariable changes. Therefore, long-run real output.is unchanged.

Consider next the impact effects of monetary contractiom.

.ﬂ

P falls causing a reduction in output of -__8+oftoen according
: : (1-vy) AL+ (5+08)
to equation (18%), From (17%) the exchange rate falls by -1- (1-y=0§) .
(1=y) orHp (5+58)

Notice that since the second term is ambiguous, the exchange rate does not
necessarily fall beldw its new long run equilibrium value. According to
(19%), the rate of inflation increases.

Monetary contraction creates an excesé demand for the domestic
currency leading to an appreciation of the exchange rate. The apprecia-
tion reduces the demand for domestic goods reducing output to the level
implied by R in Figure IIB. The reduction in output alleviates some of
the exéess'demand for money. It is not necessary for the domestic interest
rate to rise to equilibrate the money market. Thérefore, the exchange rate
does not neceséérily fall below its hew longerun equilibrium level and subse-
quently rise. Graphically, the fall in output prevents AA from shifting as far
as AA upon impact. The exchange rate immediately falls, as indicated by point
Q but it could subsequently remain constant, rise,or fall, depending on the
magnitude of fhe AA shift. The impact effect ié to move the economy fo a
lower exchange rate implied by point Q in Figure IB and to a lower leﬁel
of output implied by point R in Figure IIB. The rate of inflation of
wages and prices is lower.

As prices fall, equations (21%*) and (22*) describe the paths of j
the exchange rate and income. Output increases and.the exchange rate can be
rising or falling. The economy moves down along the demand curve in

. o .

Figure IIB, In Figure IB, the economy stays along the AA curve as it §hifts .

to XX implying an ambiguous movement in the exchange rate during the approach

to long-run equilibrium,
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Consider the implications of monetary contraction for the
relationship between inflation and unemployment. The impact effect
is to create lower inflation and lower output (higher unemployment)

. 10
moving the economy from the origin to a point like A in Figure IIIBT-/

P

R

R\\ y-y
AN

‘A

]
Figure II1B

As prices fall, the rate of change of prices approaches zero and

unemployment falls moving the economy back toward the origin. During

adjustment, one observes the traditional positive correlation between

unemployment and inflation.

IV, Conclusions

This analysis demonstrates that if asset markets adjust fast

relative to goods markets in an open economy,then there is no stable

short-run relationship between inflation and unemployment. Expansionary
monetary policy reduces supply, yielding a positive relationship betwegn_
inflation aﬁd unemployment, while contractionary monetary policy reduces.
demand resulting in the traditional negative relationship between

inflation and unemployment, In the long-run, output and employment are
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determined by the terms Sf trade,implying that any policy which
affects the long-run terms of trade can affect long-run output,
The long-run Phillips Curve is vertical at the level implied by
the long-run terms of trade, but there is no stable short-run

relationship between inflation and unemployment.
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Footnotes

1/ In his Nobel Lecture, Friedman succinctly summarizes the theoretical
and empirical history of the relationship between inflation and unemploy-
ment, Milton Friedman, Nobel Lecture: Inflation and Unemployment."
Journal of Political Economy, 85, #3 (June, 1977), pp. 451-472,

2/ Rudiger Dormbusch, "Expectations and Exchange Rate Dynamics," Journal
of Political Economy 84, (December 1976).

3/ Assuming that aggregate demand depends on nominal income deflated by
the consumer price index, p +y - tee = t p=y + t.(p-e), adds a terms
of trade effect of a change in relat;ve prices. In this analysis, it is -
assumed that the substitution effect dominates the terms of trade effect,
and for clarity in presentation, the terms of trade effect is not carried
. through.

Also, aggregate demand could be dependent on the real interest rate

r-t e(e-e) -t p. The analysis becomes more cumbersome under this
assumptzon, but is not qualitatively changed. Imposing perfect foresight
requires r = r* + B(e-e) o r - t_E(e-e) - tpp. The 8(e-e) term enters
with a different weight and the p term affects magnitudes, as in
Dornbusch, 1976, but no signs.

4/ The marginal product of labor can be fixed when there is only one
variable factor of production or underutilized capital stock.

3/ Specification of labor supply as a function of this real wage is found
in Joanne Salop, '"Devaluation and the Balance of Trade Under Flexiblie
Wages," in Trade, Stabilitv and Macroeccnomics: Essays in Honor of
Lloyd A. Metzler, ed., George Horwich and Paul Samuelson (1974),

pP. 129-52,

6/ When a real shock is considered, fixing ome real variable forces all
‘the ad justment on the remalnlng real variables reducing the generality
of the result.

1/ To see this, merely note that in the long-run, output must be produced
along the supply curve where it intersects demand. Exogenous factors can
shift the demand curve along the supply curve affecting the equilibrium
terms of trade,

8/ Alternatively the stock of money could be deflated by the price index
t.e + t,p and nominal income deflated by the price index,y + t_(p-e), could
be used as the real income measure. This would not change the analysis
qualitatively because an increase in price would reduce the excess supply
of money as before by reducing the real money supply but also by increasing.
real income and real money demand. Also, an increase in the exchange rate
reduces the excess supply of money both by reducing real money demand
through a lower interest rate when the assumption of perfect foresight is
imposed, and by reducing the real supply of money,



Footnotes (continued) =22 .

2/ The direction of the effect is the same if inflation of the con-
sumer price index is considered instead of the producer price index.

30/ Again, the direction of the effect is the same when the rate of

inflation of the consumer price index is considered instead of infla-
tion in the producer price index.
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