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I. INTRODUCTION AND SUMMARY

A frictionless model of the economy, with wages and prices maving
each period to clear the labor and goods markets, is generally considered
to be inconsistent with certain stylized facts about the real world. In
such a model, employment and output adjust immediately to any economic
disturbance; there is no persistence of effects, no business cycle.

Also, money is neutral in such an economy, and if monetary disturbances
are the primary source of exchange rate and price level movements, the
model is incapable of explaining the apparent fact that exchange rates
are more volatile than prices. Dornbusch's (1976) approach to this
problem was to postulate that the goods market clears more slowly than
the money market. Representing price stickiness by a Phillips Curve, and
assuming that the money market clears instantaneously, he derived his
celebrated "overshooting" result for the exchange rate.

In this paper, we attribute the slow adjustment in the real side of
the economy to wage contracting.l/ We consider both the neo-Classicial
contracting model of Gray (1976), Fischer (1977a) and Canzoneri (1980)
and the neo-Keynesian model of Taylor (1980). This approach has a number
of advantages. We do not have to assume that prices are fixed in the
short-run; so the question of the relative variability of prices and
exchange rates has more meahing. We can identify the degree of inertia
imposed upon the real side of the economy with either the average length
of contracts or the sensitivity of wages to expected demand conditions,
and Qe can vary the degree of inertia to assess the effect of slower
adjustment on persistence and the relative variablity of prices and
exchange rates. More importantly, and also more controversially, we can

give these positive results a normative interpretation. We can for
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example suggest which agents are helped or hurt by exchange rate
overshooting. We can also suggest which agents would be helped or hurt
by an intervention policy that curbed the exchange rate overshooting.
Some monetarists assert that price and exchange ratelfluctuations
are due primarily to monetary disturbances. It turns out that most of
our results depend crucially upon the validity of this assertion., Our
basic conclusions may be summarized as follows:
(1) If goods market disturbances, rather than monetary disturbances,
are the primary source of price and exchange rate fluctuations, then a
frictionless model of the economy may not be inconsistent with the
observation that exchange rates are more volatile than prices. This
real-world fact may not be a paradox that needs to be explained.
(2) If on the other hand the monetarist assertion is correct, then a
frictionless economy can not explain the observed volatility of exchange
rates relative to prices, but both contracting models can. In addition,
increasing the degree of inertia embodied in the contracts increases the
volatility of exchange rates relative to pricesQ
(3) Taylor's contracting model implies more persistence than Gray's and
is more closely related to Nornbusch's fixed-price model.
(4) The existence of wage contracting presumably benefits labor market
participants and may also benefit portfolio managers by stabilizing the
real interest rate, especially if goods market disturbances are an
important source of price and exchange rate variation. If however the
monetarist assertion is correct, then the conversion of some one-period
contracts to two-period contracts will hurt both portfolio managers and
the labor market participants under existing contracts by destabilizing

both the real interest rate and employment.
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(5) An intervention policy that leans against the wind to stabilize
exchange rate fluctuations will benefit both lahor market participants
and portfolio managers if the monetarist assertion is correct. If
instead goods market disturbances are the primary source of price and
exchange rate fluctuations, then Such a policy may benefit portfolio
managers at the expense of labor market participants by stabilizing the
real interest rate but destabilizing employment.
I1. THE POSITIVE IMPLICATIONS OF WAGE CONTRACTING

First we show how monetary and goods market disturbances affect the
exchange rate and price level in the flexible-wage economy_that we take
as a benchmark. Then we impose two different forms of contracting on the
labor market and examine their implications for the volatility of
exchange rate and price level movements. In particular, we want to see
whether either form of contracting helps to explain our stylized facts by
increasing exchange rate volatility and/or decreasing price level
volatility and by imparting more persistence to the effects of
disturbances. The economy operates quite differently under these two
forms of contracting; in fact, they really constitute two different views
of the supply side of the economy. So we are also interested in
identifying the particular features in the economy that are important if
a given form of contracting is to help explain the stylized facts.
ITI.A. A Flexible-wage Model: The Benchmark Case

Our basic framework is similar to Dornbusch's (1976). We consider
a single country that produces a differentiated product, but whose bonds
are peffect substitutes for foreign bonds. Demand for the couhtry's

product is given by
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(1) ¥y =y -38(pp =& -Pf) +u +2,

where y, p, e and p* are (the logs of) output, its home currency price,
the exchange rate, and the foreign currency price of foreign output, and

u and z are disturbance terms.gf Supply of the product is fixed at its

full-employment or “"natural" rate, Y.

(2) ‘yt = -.‘7

This is a consequence of the flexible-wage assumption; the nominal wage

3

.moves each period to clear the labor market.=

Incipient capital movements insure that

= * -
(3) ry = ry+ et+1|t e,

where r and r* are the nominal rates of return on domestic and foreign

bonds, and e is the expected rate of depreciation of the

t+1|t " &t
domestic currency. FExpectations are assumed to be "rational;" G4t is

the expected value of next period's exchange rate based upon complete
~ current and lagged information. Home country residents hold the entire

domestic money stock; money demand is given by

(4) m

TR T

where m is the (log of the) domestic money stock, and v is a velocity

4/

disturbance.—~
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We want to model both temporary and permanent monetary and gdods
market disturbances. A "~" over a disturbance indicates that it is
serially uncorrelated and normally distributed. v is a temporary
monetary disturbance, and Z is a temporary goods market disturbance. m

and u are assumed to follow a random walk,

so mand U are permanent monetary and goods market disturhances.
For simplicity, we set p{ and r{ equal to zero; then we have

Solution to Flexible-Wage Model:

(6) b, = ZE m_y + 01700 + VI, + /s + A1z,

(7) e

t z‘; m_; + 0/0 * W, - (1/5):“6 Uy - D17800 + A1z,

Solution techniques are discussed in an appendix.

Money is of course neutral in this frictionless economy. A
permanent increase in the money supply produces permanent and
proportionate increases in the price level and the exchange rate; it has
no effect on the expected rate of depreciation, et+1|t - 8. By
contrast, a temporary increase (which is equivalent to a positive Vt)
produces an expected rate of appreciation, and therefore has less than
proportionate effects on the price level and the exchange rate., A
permanent increase in demand for the home good is immediately offset by a
permanent increase in the terms of trade, which is achieved by a

permanent appreciation of the exchange rate; there is however no change

in the expected rate of appreciation or in the price level. A temporary
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increase produces an expected rate of depreciation and a temporary
increase in the terms of trade that is absorbed by both the price level
and the exchange rate.

The important thing to note is that in our benchmark case monetary .
disturbances, be they permanent or temporary, have an equal impact on the
exchange rate and the price level. This result is inconsistent with our
stylized fact that exchange rates are more volatile than prices, and it
is the paradox that the "“sticky-price" models of Dornbdsch (1976) and
others were built to explain.

However, it is also interesting to note that goods market
disturbances may have more impact on exchange rates than prices.
Permanent disturbances are totally absorbed by the exchange rate, and
temporary disturbances have a larger impact on the exchange rate than the
price level if the interest semi-elasticity of money demand is small (i <
1). If price and exchange rate movements are primarily determined by
goods market disturbances, then our flexible-wage model is probably not
inconsistent with our stylized fact.

In summary, our benchmark flexible-wage economy is inconsistent
with the stylized fact that exchange rates are more volatile than prices
if the monetarist view prevails énd exchange rate movements are primarily
monetary phenomena. If instead exchange rate movement$ result from goods
market disturbances, then we may have no paradox to explain.

The flexible-wage model is definitely inconsistent with our second
stylized fact concerning persistence. The effects of both monetary and
goods market disturbances are immediate and complete within the period in
which they occur. The system requires no further aijustment.

IT.B. A Neo-Classical Contracting Model

Fischer (1977), Gray (1976, 1980) and Canzoneri (1981) have
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developed contracting models in which the nominal wage must be specified
in a labor contract before markets meet and production occurs. 1In a
pobu1ar version of these models, there is a supply of labor derived from
utility maximization and a demand for labor derived from profit
maximization, and wage setters choose the wage that is.expected to clear
the market.

If labor supply is perfectly inelastic, and if there are no
productivity disturbances, then the market clearing reé] wage is a time-
invariant constant, w - p;é/ The labor contract specifies nominal wage
rates, so the wage setters must first predict the price levels that will

prevail during the contract period and then set the wage rates

accordingly. For example, the contract wage for period t + i will be

(B) My =W PP
in a contract negotiated at the end of period t; wage setters expect this
wage to clear the market in period t + i.

Of course, the real wage that actually obtains in period t + i will
not be the market clearing one unless the wage setters predict the price

level perfectly; that is,

(9) =W P - Py - pt+i|t)

t+i 7 Pted
With probability one, the plans of both suppliers and demanders of labor
can not be realized. So the contract also specifies (perhaps implicitly)
an employment rule that relates employment in period t + i the real wage

that actually obtains in period t + i. We follow the authors referred to

above in assuming that the employment rule is identical to the profit
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maximizing firm's demand curve, but there are other possibi]ities.ﬁf .The

output supply curve in period t + i for firms under this contract is

(10) =y + 8

Yt Prej - pt+i|t)

and the slope of this curve, 6, depends positively upon the marginal
productivity of labor.Z/

The aggregate supply curve we use in place of equation (2) is

(]]) ‘yt = -)74' (] - ¢)e(pt'pt|t_'|) + ¢[-56(pt'pt|t_‘|) + 'Se(pt-pt|t—2)]

We assume that some firms are covered by contracts that last only one
period while others are covered by contracts lasting two periods; ¢ is
the fraction of firms covered by two-period contracts. If ¢ is equal to
zero all of the contracts are renegotiated at the end of each period, and
output fluctuates about its "natural rate" with one-period price
prediction errors, If ¢ is greater than zero, all of the one-period
contracts and half of the two-period contracts are being renegotiated at
the end of each period; the other half of the two-period contracts are
going into their second and final period. The second term on the RHS of
(11) comes from the one-period contracts; the third is due to the two-
period contracts.

By increasing ¢ from zero to one, we can increase the inertia in
the labor market and assess its implications for the volatility of price
and exchange rate movements and for the persistence of effects;§/ We
could also include contracts that lasted more than two periods, but the

implications of such an extension will be obvious.
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We consider first the case in which ¢ is equal to zero; all

contracts last just one period. In this case, we have

Solution to Neo-Classical Contracting Model, ¢ = O:
(12) Pp = MMy + Iy My o+ Ve + T2y
(13) € = €My + Iy M o 4 eqVy - (1/8)z Uy 5 = €424
where
__ (0 -p)( +) -
LR { meare ¥ ey pr: ey = [T+ (8/8)1m,
- (0 -0») -
LESR ¢ e 1 4 Ry e €q = 0+ (6/6)]1r3
Ta = [e/(1 - p)]"a €4 T (1/¢) - 1 + (6/6)]"4 >0
and

p = A/(x +8) <1
The derivation of this solution is discussed in an appendix.

The first thing to note is that contracting decreases the impact of
monetary disturbances on the price level and (if § < 1) increases the
impact of monétany disturbances on the exchange rate.gj In this way,
contracting can explain the stylized fact that exchange rates are more
volatile than prices. Contracting does little however to help explain
our stylized fact in the case of goods market disturbances. Permanent

goods market disturbances are still totally absorbed by the exchange

rate, and contracting mutes the impact of temporary disturbances on both
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the price level and the exchange rate.lg/

These results for monetary disturbances can be explained in terms
of'"overshooting" of the exchange rate and "undershooting" of the price
level. Figure 1 shows how a permanent increase in the money supply at
time to affects the price level and the exchange rate over time. (The
analysis of temporary mohetary disturbances is analogous.) In the

flexible-wage model, the full effect of Et on py and e, is immediate and

0
permanent, as represented by the solid line in Figure 1, With one-period

t

contracts however, the price level will undershoot in the first period;
this is represented by a dashed line in Figure 1. The rising price level
and falling real wage increase output and therefore money demand;
consequently, a less than proportionate increase in the price level is
needed to equilibrate the money market. The exchange rate will
overshoot, as shown by the dotted line in Figure 1, if § is less than
one. The less than proportionate increase in the price level leaves an
increase in the real supply of money that must be accomodated by an
increase in demand. The increase in output raises transactions demand,
and if this is not sufficient to fill the gap, the interest rate falls.
It is clear from the interest parity equation, equation (3), that this
requires the exchange rate to overshoot and create the expectation of an
appreciation; otherwise, risk neutral portfolio managers would not hold
domestic bonds. The condition on §, which we assume to hold, keeps the
output effect on money demand from reversing this result by limiting the
effect of the fall in the terms of trade on demand for the domestic

11/

good.—

From (11) and (12), output is given by
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(14) y, =y +6mm +6n ¥, + om 7,

The impact of monetary disturbances on output and the amount of exchange
rate overshooting and price level undershooting all depend upon the size .
of e.lz/ A bigger 6 implies a more elastic supply of output. Thus, in
response to an unanticipated increase in the money supply, the increase

in output does more to equilibrate the money market, and the price level
does less; in terms of Figure 1, the price level underéhoots more. And
with a bigger supply effect, the terms of trade must fall further to
equilibrate the goods market; the exchange rate overshoots more to
produce this terms of trade effect.

So 6 is an important parameter in this explanation of output, price
and exchange rate fluctuations in response to monetary disturbances. As
stated above, a large 6 is implied by a high marginal productivity of
labor and a relativley wage-elastic employment ru1e.l§[li/

One-period contracts do allow deviations in output from its full-
employment level, but they do not explain the persistence in these
deviations that we have taken as our second stylized fact. Similarly, it
is clear from equations (12) and (13) that the price level and the
exchange rate adjust fully to any disturbance after only one period.

With ¢ > 0, some contracts last two periods, and we have

Solution to Neo-Classical Contracting Model, ¢ > 0:

~ ~

m, . +n,v, + 1

(18) py = mmy + mom , + I, m 3Vt Y Tl
(16) & = EqMy + e My g+ I, My o+ EqVy - (1/6)20 Up_j = €424
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where
o (0 - 0)200 + 2)% + .5¢8(1 = o) + .5¢80(1 = p)(1 + 1)
Vo o020 + )2 4600 = 0)(1 + 1) + .568(1 = p)(1 + A) + .5¢8%
" _(l)z]ol(1)++k?5¢e' e, = [1 + .56(6/6)In,

ahd Tas Tps €3 and €, are as defined in (12) and (13).

With two-period contracts, it takes two periods for the price level
and the exchange rate to adjust to a permanent monetary disturbance. A
permanent disturbance that occurs in the first period of a two-period
.contract will also cause a price prediction error in the second period of
15/

the contract.—' This implies a positive correlation in the deviations

from full-employment for firms covered by two-period contracts.

(17) Yy =Y+ e(n]mt *mavy ¥ n4zt) + .5¢en2mt_1

Qutput cycles about its natural rate.

The size of ¢, the proportion of contracts lasting two periods,
also affects the magnitude of the immediate impact of a permanent
monetary disturbance on the price level, the exchange rate and output.
Figure 2 shows how price level undershooting and exchange rate
ovérshooting are affected.lﬁ/ (The solid lines reproduce the results for
the case ¢ = 0; the dashed and dotted lines obtain if ¢ > 0.) The
overshooting of the exchange rate increases. It also turns out that the
immediate impact on output and the real exchange rate, e - p, is

magnified.lZ/ So the increase in exchange rate overshooting outweighs
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the decrease in price level undershooting, and the existence of two-
period contracts helps explain the fact that exchange rates are more
volatile than prices.

The reason for these results is that portfolio managers see the
permanent monetary disturbance and understand that it will also affect
the future output of firms with contracts that carry over to the next
period. This recognition affects their exchange rate predictions, and
thus their current demands for money and bonds. For example, for a
positive disturbance, the existence of two-period contracts decreases thé
expected rate of appreciafion of the home currency and lowers the current
demand for it; this then increases the impact on the current price level,
"output and exchange rate.

Summarizing, neo-Classical contracting helps explain the stylized
fact that exchange rates are more volatile than prices in the presence of
monetary disturbances. Increasing the length of some of the contracts
goes even further in explaining the fact in the presence of permanent
monetary'disturbances. This form of contracting does little to help
explain the stylized fact in the presence of goods market disturbances,
but then goods market disturbances already had more impact on exchange
rates than on prices in the flexible-wage model; there wasn't really a
paradox to be explained. Neo-classical contracting can also help explain
persistence. The economy is fully adjusted to a permanent monetary
disturbance only after the last existing contract is renegotiated.
Persistence may however be better explained by the neo-Keynesian
contracting model discussed in the next section; there temporary and
permanent disturbances are ‘passed from one contract to the next

successively through time.
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II.C. A Neo-Keynesian Contracting Model

Taylor (1979, 1980) has developed a contracting model that is less
neo-classical in nature and more closely related to Dornbusch's (1976)
sticky-price model. In Taylor's model, wages are set (with some
modification for demand conditions) to preserve the re]étive wage
structure over contracts. Contracting is once again staggered, with say
half of the contracts being renegotiated each period. This is an
important feature in Taylof's model because it allows the effects of a
disturbance to be passed from one contract to the next; that is,
disturbances affecting existing contracts are passed on fo new contracts
by the attempts of wage setters to preserve the relative wage structure
over all contracts. The staggering of contracts is the source of the
strong persistence of effects in Taylor's model. Price in Taylor's model
is a constant markup over the average wage, and employment is determined
by the demand for output; these features give the model a neo-Keynesian
flavor despite its incorporation of "“rational" expectations
formation.lg/

More specifically, the demand side of the economy -- equations (1),
(3) and (4) -- is retained (though we will drop the permanent goods
market disturbance, Gt’ for simp]%cty of exposition), and the supply side

is replaced by

(18) %y = 5lxgy + Xpyqppay) * 5L =Py + (0 =Py ] + %

i
k3
"
.
(S,
—
x
+
>

A1l contracts specify a fixed nominal wage for two periods; half of the

contracts are renogotiated at the beginning of each period. x_ is the

t
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(1og of the) wage specified in a contract negotiated at the beginning of
period t. The first term in the wage-setting equation (18) reflects the
faét that wage setters try to maintain their own wage relative to the
wages that will exist in other contracts during the two periods covered

by the contract. The second term says that expected demand pressures, as
19/

measured by expected real balances, are also taken into account;—" ¥
measures the importance of demand conditions in the negotiations, and it

is an important parameter in Taylor's contracting model. ;t is a

disturbance in the wage setting process; we assume initially that it is

independent of ﬁt, Vt’ and Et even though this implies (perhaps

unrealistically) that current actual demand conditions play no role in
the wage-setting process. Equation (19) is the price-setting equation;

w, is the average wage across contracts at time t.

This model can be solved fongg/

t

Solution to Neo-Keynesian Contracting Model:

(20) x, =ax, y + (1 -am _y + ;t

(21) Py =aPy_q * 501 - a)(mt - mt_]) + .5(;t + ;t_])
(22) ey = Byxpy * By - ByXp * BqMy * BgVy - Bely
where

a=(1+.5¢ - /2y)/(1 - .5Y)

By = 5(1 = 8)(1 + a)/[6 + A(1 - a)] B, =1 +8,
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(50 - 8) + 28,3/(8 + ) 5,1 48,

1/(8 + 1) 8

1/(8 + 1)

w
(&)
n

The absolute value of a is less than one for all positive values of
Y, S0 the wage-price process is stable. A positive wage disturbance
increases expected future prices and lowers expected future real
balances; this has a moderating effect on next period's contract wage.
The larger is y, the smaller is a and the stronger is the moderating
inf]uence.gl/

Permanent monetary disturbances and temporary wage disturbances
" generate persistent effects on all variables in the model, effects that
last even after all of the existing contracts have been renegotiated.
Any disturbance that gets into the wage setting process will
have persistent effects. Permanent disturbances get in because they
affect expected future real balances. Temporary monetary and goods
market disturbances woulq get in if they were correlated with X, that
is, if current actual demand conditions affected the wage setting
process.

To illustrate how permanent monetary disturbances pass through the
economy, we have solved equations (20), (21), (22) and (1) for their
moying average representations under the assumption that all other

disturbances are equal to zero:gg/

(23) xt = z'i:]wimt-'i where W_i =1 - a
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(24) pt = 21-=<|“1-mt_1- Where 'ﬂ'] = 05(] - (1)
Tl’_i=1—.50.1-](]+(1) i>2
(25) et = z'i=0€‘imt-1' where (.;O = 34 > e]
€1=1+8]a1'] i
(26) y, =y + Ij_gnym _; Where ng = 68, >
ne = 6[.5(1 +a) + 8,300 i o> 1
1 1

Permanent monetary disturbances are neutral in the long-run; that
s, w_, m_, and ¢_ are all equal to one, and n_, is equal to zero.

However it takes an infinite amount of time for a given disturbance to
work its way through the system.

Hence, the present model produces overshooting patterns for the
exchange rate that are very similar to Dornbusch's. In response to a
positive disturbance, the exchange rate overshoots its long-run value,
and the price level undershoots; after one period, both begin a smooth
exponential decay to their long-run values. The real exchange rate and
output similarly go positive and then decay back to their natural rates.
Smaller values of y imply larger values of a, more overshooting of the
exchange rate and output, and a slower decay to the Tong run values.

I1I. THE NORMATIVE IMPLICATIONS OF WAGE CONTRACTING AND MONETARY POLICY

In this paper we have abscribed the slow adjustment in the goods
market, and the consequent overshooting of the exchange rate, to wage
contracting, The neo-C]assicaL\of contracting model discussed in section
I1.B suggests certain measures of volatility in exchange rates and prices
that may be relevant from a normative point of view,zé/ and these

measures are not necessarily the ones that were focused upon in the last
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section; there we were engaged in explaining certain stylized facts that
are of interest to the observing economist.

Here we begin by identifying the measures of volatility that would
seem to be relevant to the wage setters and the portfolio managers in our
economy. Then we examine the implications of wage confracting and
monetary policy for these normetive measures of volatility. We consider
two kinds of policy. One offsets the cycling of employment and output
brought on by long-term contracting; the other smooths the exchange rate
overshooting. Not surprisingly, we find some tradeoffs between the
interests of wage setters and portfolio managers. Once egain, the
results depend crucially upon whether economic fluctuations are caused by
monetary disturbances or by goods market disturbances.

ITT1.A. Normative Measures of Volatility

The agents‘in our simple economy make decisions on the basis of
their expectations of future prices and exchange rates. Wage setters are
worried about price.prediction errors and the deviations from full-
employment that they cause. Portfolio managers are worried about the

variability of real interest rates.gﬁ/

We realize that we are on precarious ground here. We have only
modeled certain kinds of agents With certain kinds of problems. There
are undoubtedly other agents in the real world for whom the size of
predict%on errors is not the only relevant measure of volatility. Some
firms for example may have to incur adjustment or inventory costs for
even perfectly foreseen fluctuations in demand. What's more, our labor
contracts were not derived explicitly from a utility maximizing
framework, and their form may not be invariant in some of the policy

experiments we want to perform;gQ/ Similarly, our specification of the
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asset sector may not provide a robust explanation of portfolio manager's
behavior. The specific results we derive below are incomplete at best
and should be viewed accordingly. However, we think that they provide an
interesting and important complement to the positive implications of wage
contracting discussed in the last section.

Wage setters in oﬁr model are worried about their price prediction
errors. Those covered by one-period contracts are interested only in
one-period price prediction errors; those covered by two-period contracts
are interested in both one and two-period price prediction errors.

Serial correlation in disturbances, lags in the economic'struture and
monetary policy can &ll cause the two to differ. Portfolio managers

worry about unanticipated changes in the real interest rate,
(27) [1t - (p1t+'| = p1t)] - [1t = (p1t+]lt - p1t)] = '(p1t+]|t - p1t)
where

pit = (1 - w)pt + m(et + p{)

pi is a price index, and w is thé share of foreign goods in portfolio
managers' market basket. So porfolio managers are interested in the

one-pefiod pfice index prediction errongg[gz/

(28) p1t - pi.tlt_] = w(et - etlt_'l) + (] - m)(pt - ptlt-])

which depends upon both price and exchange rate prediction errors.
II1.B. Wage Contracting and Agents' Normative Measures of Volatility

The one-period price and exchange rate prediction errors that are
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relevant to portfolio managers can be calculated from equations (15) and

(16):

~ ~

(29) py - ptlt-] = WM+ MV, T2y

~

(30) e, - etlt-1 = s]’rﬁt - (1/6)Gt + 53Vt - €424

We showed in section 11.B. that wage contracting causes the
exchange rate and price level to overshoot and undershoot respectively
their flexible-wage values in response to both permanent and temporary
monetary disturbances.zg/ The price levels undershooting will help
'portfo1io managers, but the exchange rate's ove}shooting will hurt them.
On balance, wage contracting will be beneficial to portfolio managers if
(1 - w), the share of the domestic good in their market basket, is large
enough. Increasing ¢, the proportion of contracts that last two periods,
will hurt portfolio managers because it increases the exchange rate
overshooting and decreases the price level undershooting in response to
permanent monetary disturbances.gg/

Wage contracting does not matter to portfolio managers in the case
of permanent goods market disturbances; they are always absorbed by the
exchange rate. However, temporary goods market disturbances have less
impact on both the price level and the exchange rate with wage
contracting. It is difficult to éssess the implications of this for
portfolio managers sin;e a positive price prediction error tends to
cancel the negative exchange rate prediction error in the price index
prediction error.gﬂ/ However, we might expect that wage contracting

benefits portoflio managers in the case of goods market disturbances.
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For wage setters covered by one-period contracts, the relevant
measure of volatility is the size of the one-period priée prediction
error (29). For wage setters covered by two-period contracts, the

relevant measure may be taken to be

(31) 5(py = Pyppg) * +5(Peyy = Pryqppay) = -5y (myy +me)
)

+Z

+ JGm,m t41 T 7

2t

+ .5n3(vt+] + Vt) + .5n4(; R
the average price prediction error over the life of the contract.

Wage setters must benefit from wage contracting; otherwise they
would not do it. The interesting question here is how contractors under
‘existing one and two-period contracts are affected by an 1ncfease in ¢,
that is, by the conversion of other one-period contracts to two-period
contracts. We showed in section II.B. that increasing ¢ magnified the
immediate impact of permanent monetary disturbances on prices, but muted
the lagged effect; that is, dw]/d¢ is positive, but dn2/d¢ is
negative.él/ So an 1ncr¢ase in ¢ makes one-period contractors worse off,
and probably two-period contractors as well,

Summarizing, the existence of wage contracting will probably
benefit both wage setters and portfolio managers, especially if goods
market disturbances are an important source of price and exchange rate
f1u¢tuations. However, an increase in ¢, the conversion of some one-
period contracts to two-period contracts, will hurt both portfolio
managers and wage setters under existing contracts if monetary
disturbances are an important source of price and exchange rate

fluctuations.
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II1.C. Wage Contracting and Monetary Policy

Wage contracting slows adjustment in the labor market, and this
introduces persistence and exchange rate overshooting. A lagged feedback
rule for monetary policy can take the persistence out of deviations in
employment and output abput their natural rates, and anvexchange
intervention policy can smooth exchange rate f1uctﬁﬁtions. In this
section, we examine the effects of these two policies on the various
agents in our economy. Once again, the results depend upon whether
monetary or goods market disturbances are the primary causes of price and
exchangé rate flucutations.
Counter-cyclical Policies:

Let the money supply process be represented by

(32) m_ =m

t +m_ + h

t-1

where ht represents ."policy". It should be obvious that the lagged

feedback rule

(33) hg = =my = -5y

offsets all expected effects due to permanent monetary disturbances. If

it were imposed, equations (15), (16) and (17) would reduce to

(34) P, = n3(mt + V) # n4§t
(35) e, = 53(mt + Vt) - (1/6)20 Up i = €424
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(36) Yy =Y+ e[n3(mt + yt) + t]

It is clear from (36) that the cyclical effects in output and employment

have been eliminated, even though two-period contracts still exist.gg/
The lagged feedback policy (33) reduces two-period price prediction

errors to one-period price prediction errors.

(37) = n3(m + vt) + a2z,

Pt = Pt|t-2 = Pt = Pt|ta t

It converts the permanent monetary disturbances into temporary ones.
Hence, there is no useful information embodied in one-period price
predictions that is not already embodied in two-period price predictions.
And in addition, one-period errors are smaller because temporary monetary
disturbances have less impact on the price level than permanent ones;
that is, n, is less than 7.2/ So the feedback policy (33) benefits
both one and two-period wage contractors if permanent monetary

disturbances are an important determinant of price fluctuations.

Portfolio managers are also better off in this case because

~

(38) e, - etlt-] = e3(mt + Vt) + g2,

Temporary monetary disturbances also have less impact on the exchange
rate, so both components of the price index prediction error (28) are
reduced.gﬁ/

Exchange Intervention Policy:

A policy of the form
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(39) h, = -m

t - g

g>o0

t-1 t

can control the exchange rate's overshooting in addition to removing the
cyclical effects on output and employment. If it is imposed (and
assuming for simplicity that ¢ is equal to zero), then (34), (35) and

(36) become

(41) e, = 53(mt + Vt) - €427y - EglUp ¥ EcUy
(42) y, =¥+ a[n3(ﬁt + Vt) + “4Et + (mg - n6)ﬁt]
where
L én €q = (6 + 8)n
Ty = (A +g)n eg = (1 +6)n
e = 9/8(1 + g) | eg = 1/8(1 f g)
T = (6 + 2 + g)enn5 €6 = a - 6)gen65

and

n=T1/[6(1 + X2 +g) +8(6+ 2+ g)]

For large values of g, all exchange rate fluctuations are eliminated.
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The one-period price prediction errors of interest to wage setters

are
(43) Py - Peiga1 = n3(mt + Vt) +mZy 4 ("5 - n6)ut
where

mg =g = g(1 + A+ g)n/(1 + g)

If price fluctuations are caused by monetary disturbances, then wage
setters would favor a strong intervention policy to smooth, or even
‘eliminate, exchange rate f]uctuations.éﬁ/ Monefany disturbahces and
monetary policy push the exchange rate and the price level in the same
direction; so a monetary policy that stabilizes the exéhange rate will
also stabilize the price level and make it more predictable. Goods
market disturbances on the other hand either move the exchange rate and
the price level in opposite directions (in the case of temporary
disturbances) or are totally absorbed by the exchange rate (in the case
of permanent disturbances). In either case, a monetary policy that
stabilizes the exchange rate will destabilize the price level and make it
less predictab]e;ég/ Wage setters would prefer that monetary policy
a]]qw the exchange rate to fluctuate freely and absorb some of the impact
of these disturbances.él/

Portfolio managers are worried about the one-period exchange rate
prediction error
(44) e

= e3(mt + v

t)-ez -(65-56)11

t ~ ft]t-1
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where
€g = €g = {8(1 + 2+ g) +6[8(1 + g) +a1In/6(1 + g)

in addition to the price prediction error (43), astoth are components in
their price index prediction error (28).

A strong intervention policy will always reduce exchange rate
fluctuations and make the exchange rate more predictable. In the case of
monetary disturbances, this will benefit both wage setters and portfolio
managers. Monetary disturbances make the price level and the exchange
rate fluctuate in the same direction; so there is no cancellation in
(28). A strong intervention policy will make both fluctuate less and in
this way decrease portfolio managers price index prediction errors.

However, unlike wage setters, portfolio managers will probably
favor some intervention in the case of goods market disturbances. Goods
market disturbances ‘make the price level and the exchange rate fluctuate
in opposite directions, so price and exchange rate prediction errors tend
to cancel in (28). With no intervention at all, permanent goods market
disturbances are absorbed tota]]y'by the exchange rate. Some
intervention to stabilize the exchange rate will make part of the
disturbance be absorbed by the price level. Thus, with some
intervention, a smaller exchange rate prediction error in (28) will be
further offset by a price prediction error in the opposite direction.
This will clearly benefit portfolio managers. The case for temporary
disturbances is less clear since the effect is shared with no
intervention. The more important is the foreign good in the portfolio
managers' market basket, the more likely are they to benefit from some

intervention in this case as well.
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Summarizing, if monetary disturbances are the primary cause of
price and exchange rate fluctuations, then both portfolio managers and
wage setters will favor a strong exchange intervention policy to control
the exchange rate's overshooting. Such a policy will stabilize the price .
level, the exchange rate and the price index; it will make both the price
level and the real rate of interest more predictabfé. If however goods
market disturbances are the primary source of price and exchange rate
fluctuations, then the monetary authorities may have to.choose between
portfolio managers and wage setters. Intervention shifts the effects of
these disturbances from the exchange rate to the price level, increasing
price prediction errors, but quite possibly making the real interest rate

more predictable,



Footnotes

1/ Dornbusch's (1976) paper stimulated many others. Weber (1981) and
Bhandari (1981) for example replaced Dornbusch's Phillips Curve with the
two familiar versions of the Lucas supply hypothesis., Flood and Hodrick
(1982) use information asymmetries to try to explain some of the same
stylized facts.

2/ Dornbusch's (1976) specification included the real interest rate. We
have left it out for simplicity.

3/ More generally, full-employment output will not be a time-invariant
constant, It will fluctuate with the terms of trade and with
productivity disturbances.

Salop (1974) initiated a host of papers investigating
the implications of the fact that labor supply is a function of wages
deflated by an index of prices while labor demand is a function of wages _
deflated by just the price of the domestic product; one implication is
that full-employment output depends upon the terms of trade., Gray (1976)
initiated a host of papers investigating the implications of productivity
disturbances and indexing in contracting models. Flood and Marion
(1982), Marston (1982) and Turnovsky (1982) are a recent examples of
both; our paper is an example of neither.

We assume that labor supply is perfectly inelastic, avoiding the
issues raised by Salop, and that there are no productivity disturbances,
avoiding the issues raised by Gray.

4/ The income e]asticity of demand has been set equal to one so that the
money supply is effectively deflated by the price of domestic output.

More generally we would have
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~

m, - Piy = -Art + n(pt + yt - pit) -V

where pi is an index of domestic and foreign good prices. Letting n=1,

this specification becomes (4) above.

5/ See footnote 3.

6/ Barro (1977) and Waldo (1981), following the spirit of the "implicit
contracts" literature, suggest that colluding suppliers and demanders of ‘
labor will settle upon some other rule. Barro (1977)'15 justly critical
of this kind of contracting model because of its lack of utility
maximizing foundation, but see also Fischer's (1977b) response,

Z/ Assuming that the production function is CoBb-Doug]as, thé first-

order condition for profit maximization (in logs) is:

(b= Mngyg =w-p+ Prai|t = Pesi ~ Iny

where y is labor's share of output. Choosing units so that n = 0,

t+i|t

Iny = w - p and

3
]

gt = D/ =0y = Pryye)

making

'yt+'i [‘p/(] - q))-](pt'!-'l - pt+1.|t)

2

Hence, 6 = ¢/(1 - ¢) and de/dy = 1/(1 = ¢)°= > 0 for 0 <y < 1.
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8/ See Gray (1978) and Canzoneri (1981) for a discussion of the
determinants of ¢.

g/' Starting with permanent disturbances, ™ is clearly less than 1, and
€ =1+ (1 - 8)ep/AL(1 - p)(1 + 1) + 8]

is greater than 1 if 6 < 1. Similarly, for temporary disturbances
wy = [1/7(0 +2)] - 6/(? + X = p)(1 + 1) + 6]

is less than 1/(1 + 1), and

£y = /70 + )3+ (0 -8)8(1 - p)/8(0 + A)[( - p)(1 + 1) + 8]

is greater than 1/(1 + 1) if § < 1.

10/ Contracting does make the condition for Z, to have a greater impact

t
on e, than Pt less stringent. €, > n, if A <1 + 6. In the flexible

4 4
wage model, the conditon was A < 1.
11/ It may be interesting to not? that Dornbusch (1976) gets precisely
the same condition for overshooting in his fixed-price model. A small §
keeps demand from increasing too much in equation (1) in response to the
decrease in the terms of trade.

12/ The coefficients for the monetary disturbances in equation (14)

depend directly upon 6; that is,

d(emy)/de = (1= p)2(1 + NZ/LA - p)(1 + 1) + 617> 0



oo
d(om,)/de = (1 = p)2(1 + A)/L(1 - o)(1 + 1) + 612> 0

Exchange rate overshooting depends directly upon 6,

dleq - 1)/de = (1= 8)(o/M)(1 = p)(1 + A)/L( = p)(1 +2) + 817> 0

-~

as does price level undershooting
d(1 = my)/de = (1 - p)(1 + 2)/[(0 = p)(1 + 1) + 812> 0

13/ A relatively elastic employment rule is also consistent with another
stylized fact. Real wages do not seem to follow a strongly
countercyclical pattern. However, a formal empirical application of this
model may benefit.from the disaggregation suggested by Lucas, Sargent and
Wallace; see Canzoneri (1978) and the references therein.

14/ The "implicit contracts" literature referred to in footnote 6
suggests instead that the employment rule should be relatively inelastic
as wage setters try to smooth employment variation.

15/ Permanent goods market disturbances would have the same effect if
they were not totally absorbed by fhe exchange rate.

16/ For permanent monetary disturbances, the increased impact on the
price level is shown by

dmy 56(1 - 8)o(1 - 0)2(1 + A)[

] (1 -p)(1 +2) + 0]
B0 =020 + 024801 - p)(1 4 A) + .5680(1 - p)(1 + ) + 8T}

2

which is positive for all ¢. The increase in exchange rate overshooting
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is apparent from the fact that d(e] - 1)/de = (1 + e/d)dn]/d¢.
17/ As shown in footnote 16, dn]/d¢ > 0; so the immediate impact on
output is bigger for larger ¢. From equation (1), this means that the
immediate impact on e - p must also be bigger.

18/ These latter features are not necessary. We could, as in the last
section, specify an employment rule and let the price level move to clear
the goods market. Taylor however wanted a model that de-emphasized the
cyclical role of real wages; see footnote 13.

19/ Taylor (1979, 1980) uses ytlt-l and yt+l|t-1 to measure expected
demand pressure. In his model these measures reduce to expected real
balances, but in ours they do not (except in special cases where e

t+1|t-1

- etlt-] = 0). Our specification is necessary to retain the simplicty of
Taylor's solution. In particular, if we had used yt+1|t-1 and ytlt-1’ we

would have had to solve the following cubic equation in a:
_ 2 2
a = .5(1 « .57)(a” + 1) = .5ya + .25vp(1 = 6)(1 = a®)(a + 1)

20/ Derivation of this solution is discussed in an appendix.

21/ We will assume y is less than two. If y is greater than two, the
moderating effect of expected demand pressures is so great that a is
negative.

gg/' The moving average representations for ;t disturbances are given in
an appendix.

23/ The normative implications of the neo-Keynesian contracting model

discussed in section II.C. are less clear to us; so we restrict our

attention here to the neo-Classical model.
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24/ Equation (3) asserts that risk neutral agents dominate the market;
but that does not preclude the existence of risk averse agents. More
generally, similar results would be obtained in a model in which bonds
were imperfect substitutes.

25/ See footnote 6.

26/ Here, as above, we have set p{ equal to zero.

21/ Llabor suppliers would be more like portfolio managers in this if we
had not assumed that labor supply is perfectly 1ne1astic; see footnote 3.
Labor demanders would remain interested in own-price‘prediction errors.
28/ See footnote 9.

29/ See footnote 16.

ég/ €4 falls less than Tys See footnote 10. So it is possible that
portfolio managers will be worse off if w is large enough.

31/ See footnote 16 and the definition of =, in equation (15).

2
32/ Indeed, one might expect the number of two-period contracts to grow
as a result of this policy because, as shown below, the variance of two-‘
period prediction errors .is diminished; see Canzoneri (1980).

33/ When ¢ = 0, m; = my(1 + 1) >y Since dni/dg > 0 (see footnote 6)
and dn3/d¢ = 0, LB > s for all ¢ between zero and one.

34/ € = 0+ (6/6)]1r1 >-[7 + (6/6)]n3 = €4 since .8 > mae

35/ dn3/dg is clearly negative, and LY 0 as g » =,

36/ dn4/dg =6(1 + e)n2 > 0, and for permanent disturbances Tg = M = 0
if g is set equal to zero.

37/ MWage setters would actually prefer a policy that destabilized
exchange rates in the case of temporary goods market disturbances.

Setting g = - would make w, = 0, but it would also increase €4 to

4
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€4 = (1 +8)/ (8 + 088) = 1/8; with this policy, temporary goods market
disturbances (rather than permanent ones) would be totally absorbed by

the exchange rate. Turnovsky ( ) and Buiter and Eaton (1980) have

found similar results.
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Using the above equation and equations (18) and (19) from the main
text, we can solve for the a's. We then postulate a solution for e .

B = ByXgoy T BoMpy - BaXy *BgMy *BgVy - BgZp

We use this equation together with the money market equilibrium

condition, to solve for the g's,
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Appendix: Moving Average Representation of the Solution to the Neo-
Keynesian Contracting Model with Wage Disturbances

The following equations show how disturbances to the wage setting
process affect wages, prices, the exchange rate, and output under the

assumption that all other disturbances are zero.

_ o0 'i~ - ~ -] 1...]~
Xt = Liop @ Xg.i & = BaXp - ByZj @ Xy
P, = .6%, + .5(1 + a)5; o 1%
g = gt i=1 t-i

~ o i"]~
Yy = -6(33 + .5)xt - 6(6] + J5(1 + a))zi_] @ Xy g

With v < 2 (see footnote 21 of the main text), 0 < a < 1, and the effect
of a wage disturbance on wage setting dies out monotonically. The price
of the home good rises for two periods and then drops monotonically. The
exhange rate may appreciate and output may fall for two periods before

decaying monotonically to their long-run values.



Appendix: Model Solutions

We solve the models given in the paper by the method of
undetermined coefficients. We postulate that the dependent variables of
interest, the exchange rate and the home good price, are linear functions
of current and lagged disturbances. For example we might pdstulate that,

given the flexible wage model,

~ ~ ~

(1A) & =My + M 3 + EgVy - €27, - €ply = EQUy
From the money market equilibrium condition we have
(2A) Py = A(et”lt - et) LRI A

We note that

(3A) et+1[t -8 = -eaVy * g,z 4 (55 - EG)Ut

From equation (1) in the main text, the goods market equilibrium

condition is,
(4A) e =Py - 1/6(ut’] U+ Zt)

Using (2A) and (3A) we can solve (4A) for e, as a function of the
exogenous shocks. We equate the coefficients in this solution to those
in (1A) and solve for the e's. The résulting values are those in text
equation (7). Knowing the e's, we can use (2A) and .(3A) to solve for

text equation (8).
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The fixed wage model is solved in a similar manner. First assuming

that ¢ = 0, we postulate that

(5A) e = EqMm, + M

(6A) Py = MM + M 4 4w
We can then substitute for s Pys and pt]t-] in the goods market

equilibrium condition,

~ ~

8Py = Pyyp) - O8leg = py) mup g -up -7 =0

We can then solve for the e's in terms of the n's. (Since this equation
must hold for all possible values of the shocks, the coefficient of each
shock must equal zern.) We can rewrite the money market equilibrium
condition, equation (4) in the main text, as

~

(T +0)py = Aleg g = &) * My + M + vy *+ 8P ¢

We can solve for Py substituting for et+1|t - e and pt|t-1 using
(5A) and (6A) and writing the e's in terms of the n's. We can equate the
coefficients from this equation with those in (6A) and solve for the ='s.
The model with ¢ different from zero is solved in the same way.

The neo-Keynesian contracting model is solved in two steps. First

we postulate a solution for Xye
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