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we can use it to make exact utility calculations. There is a stabilization problem because there are
one-period nominal contracts for wages, or prices, or both and shocksthat are unknown at the time

when contracts are signed. We evaluate alternative monetary policy rules using the utility function

of the representative agent. Fully optimal policy can attain the Pareto-optimal equilibrium. Fully

optimal policy is contrasted with both ‘naive’ and ‘sophisticated’ simple rules that involve,
respectively, complete stabilization and optimal stabilization of one variable or a combination two
variables. With wage contracts, outcomes depend crucially on whether there are also price contracts.
For example, if labor supply is relatively inelastic, for productivity shocks, nominal income
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1 Introduction

Interest in improving the analytical foundations of monetary stabilization policy is
at a cyclical peak. This paper is a contribution to that endeavor. We construct an
optimizing-agent model of a closed economy which is simple enough that we can make
exact utility calculations. In this model, there is a stabilization problem because there
are one-period nominal contracts for wages, or prices, or both and shocks that are
unknown at the time when contracts are signed. We evaluate alternative monetary
policy rules using as a criterion the utility function of the representative agent.

One well known advantage of using exact utility calculations is that it makes it
possible to analyze shocks with large as well as small variances. An unexpected ad-
vantage is that it actually simplifies the algebraic derivations in our model. However,
when shocks have small variances, it yields no advantage for welfare analysis in our
model; welfare rankings are the same with exact and approximate utility calculations.

We focus on two cases, (1) wage contracts and flexible prices and (2) wage and
price contracts. If wages are fixed by contracts, for some shocks the attractiveness
of some simple rules depends crucially on whether prices are also fixed by contracts.
We can limit our focus to two cases because, as we show, the outcomes in the third
case, price contracts and flexible wages, are the same as the outcomes in the case of
wage and price contracts for all variables except, of course, for the nominal wage.?

We calculate the fully optimal rule under complete information for each of our two
cases of interest. This rule can attain the Pareto-optimal equilibrium because we
assume one-period nominal contracts, so the policymaker does not face a tradeoff.?
Then we contrast the performance of the fully optimal policy with both ‘naive’ and
‘sophisticated’ versions of some simple rules. Naive simple rules involve complete
stabilization of one variable or a combination of two variables. Sophisticated simple
rules involve optimal stabilization of one variable or a combination of two variables.
We consider sophisticated versions of simple rules in an attempt to put these rules in
the best possible light.

Our paper is closely related to two sets of recent studies. The studies in one set
contain evaluations of alternative monetary policies using approximate solutions of
models with optimizing-agents.? Of course, the authors of these studies have used

! This assertion can be confirmed using the methods developed in Rotemberg and Woodford (1998)
and imposing our assumption that subsidies are used to eliminate the output and employement
distortions arising from monopolistic competition. Even when the variances of shocks are small,
aproximate solutions yield incorrect welfare rankings in some models. For example, Kim and Kim
(1999) show that in a model of international risk sharing a standard approximation implies that
welfare is lower with a complete market than with autarky.

2However, if prices are fixed by staggered contracts instead of by one-period contracts (or by
synchronized multiperiod contracts), results depend crucially on whether wages are fixed by contracts
or are flexible as shown by Erceg, Henderson, and Levin (1999).

3Even the fully optimal policy under complete information cannot attain the Pareto-optimal
equilibrium if both wages and prices are fixed by staggered contracts as shown by Erceg, Henderson,
and Levin (1999).

4This set includes Ireland (1997), Goodfriend and King (1997), Rotemberg and Woodford (1998),
Henderson and Kim (1999a), and the King and Wolman and Rotemberg and Woodford papers in
Taylor (1999).



approximate solutions because their models are complex enough that obtaining exact
solutions would be relatively difficult and costly if it were even feasible. It seems
useful to supplement their analysis with analysis of models that are simple enough
that obtaining exact solutions is relatively easy.

The studies in the other set are based on two-country models in which exact
utility calculations are possible.” Our emphasis differs from the emphasis in these
studies. We focus on the welfare effects of alternative monetary stabilization rules
in a stochastic model. In contrast, the other studies focus either on the welfare
effects of a one-time increase in the money supply in a perfect foresight model, on the
implications of alternative money supply processes for asset returns in a stochastic
model, or on a welfare comparison of fixed and flexible exchange rates in a stochastic
model. Another notable difference between our paper and the other studies is that
for us the interest rate, not the money supply, is the instrument of monetary policy.

The rest of this paper is organized into five more sections. Section 2 is a descrip-
tion of our model. We devote section 3 to the benchmark version with flexible wages
and prices. In sections 4 and 5, we analyze alternative monetary policy rules in ver-
sions with wage contracts and flexible prices and with both wage and price contracts,
respectively. Section 6 contains our conclusions. The demonstration that the version
with price contracts and flexible wages yields the same outcomes as the version with
both wage and price contracts (except for nominal wages) is in the Appendix.

2 The Model

In this section we describe our model. We discuss the behavior of firms, households,
and the government in successive subsections.

2.1 Firms

A continuum of ‘identical’ monopolistically competitive firms is distributed on the
unit interval, f € [0,1]. With no price contracts, firms set their prices for period
t based on period t information. With one-period price contracts, firms set prices
for period ¢ 4+ 1 based on period ¢ information and agree to supply whatever their
customers demand at those prices. In either case, the problem of firm f in period ¢
is to find the

max &b+ (SPPritsY s — WerjLpavj) (1)
{Privs
where capital letters without serifs represent choice variables of individual firms or
households and capital letters with serifs represent indexes that include all firms or
households. The subscript j takes on the value O if there are no price contracts
and the value 1 if there are price contracts. In period ¢t + j, firm f sets the price

This set includes Corsetti and Pesenti (1998), which is based on a perfect foresight model, and
Obstfeld and Rogoff (1998) Devereux and Engel (1998), and Engel (1999a), and Engel (1999b) which
are based on stochastic models.



P+, produces output Yy, ;, and employs the amount L, of a labor index L, ;
for which it pays the wage index Wy ; per unit:

9(};7 1 HVV
Levj = Jy Lyevjdf = (fol Z‘tyﬂdh) Wiy = (fo ﬁtivjv dh) (2)

where Ly ;4 ; is the amount of labor supplied by household A in period t + j, W, ;4 ;
is the wage charged by household h in period t + j, and 6y, > 1. Firm f choose
quantities of Ly ;1; to minimize the cost of producing a unit of L, ; given the Wj, ;. ;,
and W, is the minimum cost. All firms receive an ad valorem output subsidy, sp.
Each element of the infinite dimensional vector Smﬂ- is the price of a claim to one
dollar delivered in a particular state in period ¢+ 1 divided by the probability of that
state. We use &; to indicate an expectation taken over the states in period t + j
based on period ¢ information. The production function of firm f is®

L 9x
fitdg A+
Vi == (3)
where X, is a productivity shock that hits all firms, and z;,; = In X;,; «~ N(0,202).
An expression for Ly, is obtained by inverting this production function.
Relative demand for output of firm f is a decreasing function of its relative price:

_ 9%
Yf,t+j — (Pf7t+j> p-t (4)
Yii; Py
where 6p > 1. In equation (4), Y;,, is an index made up of the output of all firms
and P, ; is a price index which is the price of a unit of the output index:

1 Op 1-0p
1 9
Yiej = fo Yityjdh = (fo ft+]> Piyj = (fo ft+1; ) (5)

where Y}, ;;; is the amount of the output index purchased by household / in period
t 4 j. Household h chooses quantities of Yy, to minimize the cost of producing a
unit of Y}, 4, given the Py, ;, and P ; is the minimum cost.

To maximize profits, a firm must set its price so that expected discounted marginal
revenue equals expected discounted marginal cost:

0p - Op b t+iWei LS o4 Y pa4
— 1) &N b4riYruri) = —— | & ’ AREALA 6
o <9P —1 ) t ( b f’tﬂ) (‘9P - 1) ' ( Privj Xt )

6That is, we assume for simplicity that there are no factors of production other than labour and
no fixed costs. Kim (1998) shows that our formulation can be viewed as a model with capital in
which the marginal adjustment cost for the first unit of net investment approaches infinity. Kim
(1997) explores the implications of allowing for fixed costs.
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Since firms are identical,
Liyj=Ly; Yiaj =Yy Pryj=Py (7)

where we omit ¢ subscripts in the rest of this subsection for simplicity. Therefore,
the equalities in (7) imply that the ‘aggregate production function’ and ‘aggregate
price equation’ are, respectively,

LK

Yoy = l-«o

(8)

Spg (5+jY+j) = ep(‘: ( P+-X+-
J J

When j = 0 so that period t prices are set on the basis of period ¢t information, the
aggregate price equation (9) can be rewritten as

()= @

which states that P must be chosen so that the marginal value product of labor (the
gross subsidy rate over the markup parameter times the marginal product of labor)
equals the real wage. We assume that the government sets sp = 0p to offset the
effect of the distortion associated with monopolistic competition in the goods market.
Under this assumption, the ratio 3= equals one, so it does not appear in what follows,
and the implied version of equatlon (10) states that the marginal product of labor
must equal the real wage.

2.2 Households

A continuum of ‘identical’ households is distributed on the unit interval, h € [0, 1].
With no wage contracts, households set their wages for period ¢ based on period ¢
information, but with wage contracts they set their wages for period ¢ + 1 based on
period t information. The problem of household A in period ¢t is to find the

1 = _1 XOL}11+X
max & gt [ s - 2 U, 11
{Ch,syj\lh,s7Bh,syBZ}57Wh,s+] ! Z p Zs (]. + X) ( )
subject to
swWhslns T
Chs = —222 4 2 Ty
h, P, + P, h,
Mp,s = Mps—1+ 65511Bns — Brs 1+ Bj ;= 1By 12)
_ 2



Ch,s = min (Ch,sa —7> 3 Mh,s = PSCh,S‘/S Ch,s = Ch,s (13)

w
I—h,s Wh,s CowT
He () (1)

In period s, household h chooses its expenditure on the output index (Cj, s = Y}, 5) and
its holdings of money, M}, 5, which imply a consumption realization, C; s Household A
also chooses its wage rate in period s+ j, W), ., and agrees to supply however many
units of its labor, Ly 4, firms want at this wage where the subscript j takes on the
value 0 if there are no wage contracts and the value 1 if there are wage contracts. In
addition, in period s, household h chooses its holdings of claims to a unit of currency
in the various states in period s+ 1. Each element in the infinite-dimensional vector
0s,s+1 represents the price of an asset that will pay one unit of currency in a particular
state of nature in the subsequent period, while the corresponding element of the vector
By, s represents the quantity of such clams purchased by the household. The scalar
variable By, ;1 represents the value of the households’s claims given the current state
of nature. Household A also chooses its holding of government bonds B,gw, which
pay I, units of currency in every state of nature in period s + 1. Household A
receives an aliquot share, I's, of aggregate profits and pays lump sum taxes, Tj, s.”
All households receive an ad valorem labor subsidy, sy,. There are goods demand,
Us, money demand, V;, and labor supply shocks, Z, that hit all consumers. We
assume that the shocks Uy, X,, and Z, have lognormal distributions.®. We impose
the restrictions that 0 < 8 <1, p> 1, and x > 0.2 & indicates an expectation over
the various states in period s based on period t information.

According to equation (11), period utility depends positively on the consump-
tion realization and negatively on labor supply. The period budget constraint, equa-
tion (12), states that consumption expenditure must equal disposable income minus
asset accumulation. According to the first equality in equation (13), the consumption
realization is equal to the minimum of consumption expenditure and adjusted real
balances (real balances divided by a money demand shock). We assume that house-
hold h always keeps consumption expenditure and adjusted real balances equal to one
another (the second equality in equation (13)) so that the consumption realization is
always equal to consumption expenditure (the third equality in equation (13)). Each
household is a monopolistically competitive supplier of its unique labor input. Rel-

"These equal shares exhaust aggregate profits:

1 1
/ Fsdh:/ (SPPf,SYf,Siwst,S)df
0 0

8That is, we assume that u, = logU, «~ N(0,202), vy = logV, « N(0,202), and 2z, = log Z, «
N(0,202).

9 As is well known, given the form that we have assumed for the utility of consumption, as p — 1,
the utility of consumption approaches ¢ =InC.



ative demand for labor of household h is a decreasing function of its relative wage as
shown in equation (14).

Substituting equation (13) into equation (11), substituting equation (14) into
equation (12), constructing a Lagrangian expression with the multiplier 7, , associated
with the period budget constraint for period s, and differentiating yields the first order
conditions for household h for consumption, contingent claims, and government bonds
for period ¢ and for the nominal wage in period ¢t + 5,7 = 0 or 1:

Ui

C—Z,t = Nht (15)
5t,t+177h,t _ ﬁnh,tJrl (16)
P Py
Mht Mht+1
— = 3] —_— 1
ke pre ( ot ) a7
Ow (L t+')x Lht+'Ut+'> ( Ow ) (Wh t+5Ln t+j>
& T T ) =g —1)& (| 22— 18
Xo (‘9W - 1) : ( Wht+j 2 v Ow — 1 t Pry; %)
My = BCh Vs (19)

where the condition that consumption must equal adjusted real balances is repeated
for convenience. The gross nominal interest rate, I;, one plus the nominal interest
rate, ¢;, must be equal to one over the cost of acquiring claims to one unit of currency
in every state of nature in period ¢ + 1:

Li=1+14 = (20)

f bt 141

where the integral is over the states of nature in period ¢ + 1. Hereafter, we refer to
the gross nominal interest rate as the interest rate and omit all ¢ subscripts.

These first order conditions have implications for relationships among aggregate
variables. Since households are identical,

Co=C, Lp=L Wy=W, T =T, My=M, By=DB, n,, =1 (21)

Eliminating 7 and 7, using the condition that in each period in each state

U,
C—ij' =Ny (22)



yields the ‘aggregate first-order conditions for the state contingent contracts,” the ‘ag-
gregate consumption Euler equation,” the ‘aggregate wage equation,” and the money
market equilibrium condition:

U Uiy
| = 2
u Un
= A1 24
LU, L..U..
0 £ +J J ] _ s E ( +J +J> 25
WX <W+jZ+j TP, 29)
M = PCV (26)

When j = 0 so that consumers act on the basis of current information, conditions
(24) and (25) can be rewritten as

U U,
per ~ 1 (m%) (21)
sw) W xolXC7
(0W> P= 7 (28)

Equation (27) states that W must be chosen so that the utility forgone by not spending
the marginal dollar on consumption today equals the discounted expected utility of
investing that dollar in a riskless security and spending it on consumption tomorrow.
Equation (28) states that W must be chosen so that the marginal return from work
must equal the marginal rate of substitution of consumption for labor. We assume
that the government sets sy = 0y to offset the effect of the distortion associated with
monopolistic competition in the labor market. Under this assumption the ratio 2‘—;
equals one, so it does not appear in what follows, and the implied version of equation
(28) states that the real wage must equal the marginal rate of substitution.

2.3 Government

The government budget constraint is

M—-M_+B—1,BY,

= :G+(sp—1)Y+(sW—1)EL—T (29)
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where G is real government spending. We impose simple assumptions about the
paths of government spending, interest payments, subsidy payments, and taxes under
which we can study alternative monetary policy reaction functions.!’. In particular,
we assume that the government budget is balanced period by period and that real
government spending is always zero, so the government budget constraint becomes!?

i 1B,

= sp— DY +(sw-1) XL 7 =0 (30)

P

We assume that the government follows a monetary policy rule in the class

]_ _ ﬂilp/\PY)\YY*)\Y* }_//\Y M)\M U)\UV/\VX)\X Z/\Z (31)

where Y is a target level of output. For rules in this class, either the price level or
the money supply is the ‘nominal anchor;” the sum of Ap and A;; must be non-zero
in order for the price level to be determined with flexible wages and prices or one-
period contracts for prices, wages, or both. We derive the optimal );, the ones that
maximize expected welfare. We also consider some alternative values of the A;.

3 Flexible Wages and Prices

We consider four versions of our model. To establish a benchmark, we begin by
considering the version with flexible wages and prices.

3.1 Solution

In each version of the model six equations are used to determine the equilibrium values
of the variables. With flexible wages and prices the forms of these six equations are

Y = L~ , (production)
&
LW
P = T, (price)

10 Assumptions about the paths of government spending and taxes have implications for which
monetary policies are feasible and for the effects of different feasible monetary policies. For an up
to date discussion of the interaction between monetary and fiscal policy and citations of other recent
contributions see Canzoneri, Cumby, and Diba (1998).

1 We assume a monetary policy reaction function that implies that the expected rate of inflation,
the solution for inflation in the model with flexible wages and prices when all shocks take on their
mean values, is equal to zero. The analysis could be modified to allow for a nonzero expected rate
of inflation. If the expected rate of rate of inflation were positive, the expected government deficit
would have to be positive.



WZ  YrP’ (woge)
U U
7 _ v demand
816 (mm) . (demand)
I — ﬁ_lpApy,\yy*/\y* }7)\37 M/\M U/\UVAVX/\X Z’\Z’ (rule)
M = PCV (money)

where we have imposed the equilibrium conditions that C' =Y and Cy; = Y, and
where @ = 1 —a and Y = 1+ x. With flexible wages and prices, both wages and
prices are set after the shocks are known and the only expected magnitudes are in
the demand equation.

The solutions for selected variables are shown in Table 1. Substituting the solu-
tions for these variables into the equations of the model yields the solutions for the
other variables.!?

Substituting the production and price equations into the wage equation and solv-
ing yields the solution for L in equation (7'1.1) where p = p — 1. To solve for the
price level we use the method of undetermined coefficients. Suppose that P takes the
form given in equation (7'1.2). We find 2, wy, wy, wyx, and wy by beginning with
the demand equation and eliminating Y and Y, ;using the solution for Y* implied by
the solution for L* in equation (7'1.1), eliminating P using the conjectured solution
in equation (7'1.2), and eliminating I using the rule equation to obtain

— (1 + )\p -+ )\]\/j) (1DQ+CUUU+CU\/U +wxx +C<JZZ)

= ()\y* + Ay + )\1\1) In (5&71H&) + A\yy + In& (Q1) + ()\U — 1) U (32)

where lower case letters represent logarithms, D is defined in equation (7'1.1), and

— — — *WZ*L& —wx—EX
Q1= U+1Y+1pPJ:11 = U}rlwvﬂwvzﬂ Y X+1 o (33)
If equation (32) is to hold for all U,V, X, and Z, it must be that the w; and 2 take
on the values given in equations (7'1.4) through (7'1.6). Substituting the solution for
L* and the implied solution for Y* into the period utility function and considerable
rearranging yield the solution for utility. So that we can simplify expressions by
using logarithms, we express utility in terms of loss, L, by defining

12The properties of log normal distributions used in this paper are summarized in Appendix A.
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Table 1: Flexible Wages and Prices

1

L*—HX52z%, H= (;—)B D=ap+5, T1.1

P = QU@ X9x 7wz T1.2

W* = QH-U»v oy Xex+1+F guz—5 T1.3
1-X A

WU = Toptan YV T TTaeaar 14

w _ _ X D+XAy s Ay FAmtp)
X = (A+Ap+Ar)D )

Ay o Ay 4+ Ay +A ~ 117G
Q= (i) €Q) — (s ) ¥ - (B ) (67'H) 116

_ AzD+a Ay Ay A +p) T1.5
(I4+Xp+Ar)D :

Wz =

€ Q) =(1—wy) o +wio? + (wx + %)QGi + (wz + %&)202 T1.7
L' =KUX P2 %, K =y,H" (%) >0 T1.8
néL* =In K + o2 + (%)202 + (%)20’3 71.9
C,,0 —1 XoLn* 1
L=- = — s 4 Us >0 34
( l—p  Z(14x) 1-p (34

The solution for loss is given in equation (7'1.8). Taking expectations of equation
(T'1.8) yields the solution for expected loss in equation (7'1.9).

3.2 Discussion

We are now prepared to discuss the effects of the shocks on the variables and utility.
It is clear from Table 1 that our model passes the sunrise test. With flexible wages
and prices, employment, L, and output, Y, the real variables that enter utility are
independent of the money demand shock, V', and of the parameters of the monetary
rule. Expected utility is independent of 02 and depends on ¢ only because U enters
the utility function directly.

L and Y depend only on the productivity shock, X, and the labor supply shock, Z.
The effects of a labor supply shock are easier to analyze than those of a productivity
shock. The downward sloping marginal product of labor schedule, M PL, and the
upward sloping marginal rate of substitution (of consumption for labor) schedule,

10



MRS, implied by the price and wage equations, respectively are shown in the top
panel of Figure 1 in logarithm space. An increase in Z shifts the M RS schedule down
from MRSy to MRS,. The equilibrium real wage must fall and equilibrium ! must
rise from [y to l;. The upward sloping production function schedule PF is plotted in
the bottom panel of Figure 1 in logarithm space. The increase in Z does not affect
the production function, so y rises from yy to y; as [ rises from [y to /1. An increase in
Z raises utility because it results in both an increase in the utility from consumption
and a net reduction in the disutility of labor since we assume that p > 0.

Under our assumptions, an increase in X increases y and lowers [. An increase
in X shifts both the M PL and M RS schedules up from M PLy to M PLs and from
MRSy to M RS,, respectively. Under our assumption that p > 0, it shifts the M RS
schedule up by more. Therefore, the equilibrium real wage must rise and equilibrium
[ must fall. An increase in X also shifts the production function to the left from PFjy
to PFy and by more than it shifts the M RS to the left because it takes less of a fall in
[ to keep output constant than to keep households content with the same real wage.
Thus, even though equilibrium [ falls, equilibrium y rises. An increase in X raises
utility because it results in both an increase in the utility from consumption and a
decrease in the disutility of labor.

L and Y do not depend on the goods demand shock, U, or the money demand
shock, V. With flexible wages and prices, the model is recursive. The real variables,
labor, output, and the real wage, are determined by the subsystem made up of the
production, price, and wage equations. Given values of these variable, the nominal
variables, the price level, the nominal interest rate, and the money supply, are deter-
mined by the subsystem made up of the demand, rule, and money equations. Neither
U nor V enters the subsystem that determines the real variables. An increase in U
affects the utility of consumption and the disutility of labor in exactly the same way,
so households have no incentive to change their decisions. Both U and V' enter the
subsystem that determines the nominal variables through the policy rule.

Increases in 02 02, 02, the variances of the logarithms of U, X, and Z, respectively,
increase expected loss.

4 Wage Contracts and Flexible Prices

In this section, we consider the version with wage contracts and flexible prices.

4.1 Solution

In this version, the wage and price equations are

LW
===

1 XolXUY LU
WE ( 7 ) =& (YPP> ) (wage)

11
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The price equation is the same as in the case of perfectly flexible wages and prices, but
the wage equation is different. With wage contracts, wages must be set one period
in advance without knowledge of the current shocks, so the wage equation contains
expectations.

As before, we solve the model using the method of undetermined coefficients.
The solutions for selected variables are displayed in Table 2. The solutions for the
other variables can be obtained using these solutions and the equations of the model.
Suppose that solution for L takes the form given in equation (7'2.1). We find E by
substituting the output and price equations into the wage equation and collecting

terms to obtain
LXU - U
Yol ( . ) _ e (W Xp) | (35)

Substituting in the conjectured form of the solution for L in equation (72.1)yields

XoEXEQs = &PEPEQ,, (36)
Q2 — Ulfo&ﬁV*EV&ﬁX*(EX&+1)ﬁZ*§Z&/~’7 Q3 — U§U>~<+1V§V5<X§X>~<Z§Z)~<*1’
Therefore, if equation (36) is to hold, = must take on the value in equation (72.3).

We can find the {; and W by substituting the rule equation into the demand
equation and collecting terms to obtain

UY PP~ = PPy Yy vy (o XA 222 (UL Y PH),  (37)
In a stationary rational expectations equilibrium with a levels reaction function
W, = W. Imposing this restriction and eliminating Y, P, M, and Y* using the

output, price, and money equations and the solution for Y* implied by the solution
for L* in equation (7'1.1), respectively, and collecting some terms yields

Avt+alp+Ady)+a(l+Ap)(InE+EputEpv+Exr +E£42)

= — ()\y + )\]V[) Ina~! — Ay= In (&_1[-[54) — A\yy + In& (Q4) — ()\p + )\1\1) w (38)

(1= Ar)u— Oy + Ay) o — (O DI ) g (daDehye )

Q4= =t (@pta)y =Ly (@pta) y—(p+Ex (@pta)) 7—E4(apt+a)

If equation (38) is to hold for all U,V, X, and Z, then the §; and W must take on the
values given in equations (72.2) and (72.8), respectively.
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Table 2: Wage Contracts and Flexible Prices

L= J]&u{/&v}(&xzﬁz7
é_ _ 1-Xy é- — _ Av+Au é— — _ Ax+p—Ap+Ay _ XAy * é- — _A_Z _ Ay *
U r » SV r o 5x T D » SZ T D

1

E:H(@)ﬁ, T=Ay+a(p+Ay)+al+Xp), D=ap+H,
EQy = (1 — £yap)’ o2 + L2702 + (Exa + 1)° pPo? + £5a°po?

InEQy = (&, + 1) 02 + 647202 + X202 + (£, — 1) 0

1

In (522)" = (654 — 26y) 0% + €3 Ao + (SLALELEIR) 52 o (SDARIL) o2

1
W= (Ot ()N Ve (@) T

In&(Qy) = ((Wia — §U)2 ol + €02+ (fx + &p’la)z o2+ 5220,3) (ap + )

721

12.2

72.3

124

12.5

12.6

2.7

12.8

72.9

4.2 Expected Loss

With wage contracts, the solutions for all the variables depend on the parameters of
the monetary rule. In this subsection we derive the optimal rule with wage contracts
and describe the effects of the shocks under that rule. Note that there is a one to one
mapping from the parameters of the policy rule to the coefficients of the shocks in
the solution for L. It is more convenient to determine the optimal shock coefficients
for L and then infer the optimal policy rule parameters.

The (logarithm of the) policymaker’s expected loss is given by

ImEL =K + (§apx + 1) 02 + & apyo?
(39)
+((x+5) apx+ (8)) o+ (2 — )" apx+ (B)) o
The derivation of this exact expression is actually simpler than the derivation of the
standard approximation.

It is more convenient to work with the deviation of the policymaker’s expected
loss from Pareto optimal expected loss, Aln L =1n ELL— In EIL*, where
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Aln €L
apx

~\ 2 2
1
= oo+ oy + <£X + %) 0% + (SZ - 5) o2 (40)

obtained by subtracting the expression for Pareto optimal expected loss in equation
(T'1.9) from equation (39).

4.3 Optimal Policy

It is clear from inspection that the values of the shock coefficients in the solution for
labor which minimize (40) are

gU = 07 £V = 07 §X = _57 §Z = 5 (41)

and that if the shock coefficients take on these values expected loss with wage contracts
is equal to the Pareto optimal level of expected loss.

In characterizing the optimal policy rule, we assume that the policymaker adjusts
the nominal interest rate only in response to the price level and the shocks:

A Avs A, Az 20, Ap >0, Ay =Xy =My =0 (42)

and that A\p is an arbitrary positive number. The optimal rule coefficients implied
by the optimal labor coefficients are obtained by equating the expressions for the
shock coefficients in equation (7'2.2) to the optimal values of these coefficients given
in equation (41) and solving for the policy rule parameters. The results are

Ao=1, Ay =0, Ax = —2 + (a”p?xx) Ap, Ag = —3te (&;;i) e (43)
The model exhibits determinacy for any positive value of Ap, so the value Ap can be
chosen arbitrarily. Once a value of Ap is chosen, the values of the other policy rule
parameters are determined. The policymaker should not move the interest rate in
response to movements in U or V. It should lower the interest rate if Z rises no
matter what the positive value of A\p because the marginal disutility of labor varies
inversely with Z, so output and employment should be increased. Whether it should
raise or lower the interest rate if X rises depends on the value of Ap.

An alternative way of finding the optimal rule is less direct but more elegant. If
wages and prices are perfectly flexible and the policymaker follows the optimal rule for
which the coefficients are given in equation (43), then for all shocks the economy is at
the Pareto optimum, and the wage is unaffected. The wage result can be confirmed
by substituting the expressions for the \; in equation (43) into the solution for W*
in equation (7'1.3). The wage result implies that when the policymaker follows the
optimal rule, the outcomes for all the variables including wages are the same no matter

14



whether wages are preset in contracts. That is, the requirement that wages must
remain constant is not a constraint that prevents attainment of the Pareto optimum.
It follows that an alternative way of finding the optimal rule in the version with wage
contracts and flexible prices without ever calculating the solution for that version
is to find the rule that keeps wages constant in the version with flexible wages and
prices.™

4.4 Output Gap Stabilization

If the nominal interest rate responds only to the output gap, that is, only to deviations
of output from its Pareto-optimal level, so that

)\y:—)\y*>0, )\p>0, )\JV[:AU:)\V:AX:AZ:O (44)

the values of the shock coefficients in the solution for labor are

1 P—Ar+Av Wy &y
Y

e — == — = ——— 4

I'y=a(p+Ay)+a(l+Ap)

where the subscript on I indicates the special case under consideration. In this case,
for example, I'y is equal to I with Aj; = 0. Recall that there must always be a
nominal anchor, so Ap > 0 in I'y. Clearly if \y = —\y+ — o0, the values of the
shock coefficients in the solution for labor are the Pareto-optimal equilibrium values
given in equation (41). That is, complete stabilization of the output gap yields the
same result as the optimal policy discussed in the preceding subsection. This result
makes sense because, as stated above, loss can be written as a function of output and
shocks and because we assume that the policymaker knows the shocks and, therefore,
can calculate the Pareto-optimal value of output.

4.5 Nominal Income Stabilization and Related Hybrid Rules

If the nominal interest rate responds only to deviations of nominal income from a
constant target value Y, so that

)\p:)\y>0, )\y:—AY, Avs = Ay =Ap=Ay=Ax=Az=0 (46)

13 Analogous logic applies in the case with price contracts and flexible wages. That is, the optimal
rule with price contracts is the rule that keeps prices constant with completely flexible prices and
wages. As we show in Appendix B, outcomes with price contracts and flexible wages are the same
as the outcomes with wage and price contracts for all variables except the nominal wage. Therefore,
the optimal rule with wage and price contracts is the same as the optimal rule with price contracts
and flexible wages.
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then the expected loss deviation is

Alné&L 5" 1 2 —p 7\’ 1)?
n~~~|G == o2+ —r L2z o2+ = o (47
apx ap+a+ Ay ap+a+Ay D D
where the superscript after the vertical bar indicates which variable is being stabilized

and the subscript after the vertical bar can take on three values: G for general, C' for
complete stabilization, and O for optimal stabilization.

Under complete nominal income stabilization (Ap = Ay >0, Ay = —Ay — 0),
the expected loss deviation is
Aln &L |BY 7\’ 2, (1 2 (1)
—— == — | o
apx D ¢ D z

Note that the more inelastic is labor supply (the larger y and, therefore, the larger is
D) the closer is complete nominal income stabilization to the fully optimal policy.'*

The policy that is optimal within the class of nominal income stabilization policies
is found by minimizing the expected loss deviation in equation (47) with respect to
Ay. The first order condition for Ay and the optimal Ay and &’s are

0 = Do + p*xo2 — \ypo? (49)

Doy + p°xos
Ay = —
pro?

~2 9 ~3 2

o POy _ — PO =
gU - D (ﬁzo_g +0_3)7 gv - 07 §X - D (2)20'925 —|—O’%)’ §Z 0. (51)

Therefore, the expected loss from optimal stabilization of output is a positive fraction
of the loss associated with the productivity shock under complete stabilization of
output plus the irreducible loss associated with the labor supply shock:

AneU," _ (o 2\ i (LY 2 (52)
apx plo2+o2)\D) * \D) °?

. . . 2 . . .
The fraction rises from zero to one as the ratio 2% increases from zero to infinity.

Welfare is higher than with optimal nominal income stabilization if the policy-
maker completely stabilizes a combination of the price level and output in which the
weights on the two variables are not equal.'® In particular, if

14This result was obtained by Bean (1983).
15This result was obtained by Koenig (1996).
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)\ ~
Ay pt+X

then the expected loss deviation is

Aln&L |5 1\* , )

ax (D) " i
The optimal hybrid policy can achieve the Pareto optimal outcomes for three of the
four shocks. With only wage contracts, there are four disturbance coefficients in the
solution for labor, &, &/, £y, and £,. When a combination of the price level and
output are stabilized, £, and £, are equal to zero no matter what the values of the
rule coefficients, Ap and Ay. Zero is the optimal value for &, but not for £,, so
there is some irreducible loss. The two remaining disturbance coefficients, &;; and
¢ ¢, are independent functions of the rule coefficients, Ap and Ay, so they can be set
at their optimal values by the appropriate choices of values for these coefficients. A
hybrid rule can do nothing to offset labor supply shocks. The realization of the labor
supply shock does not enter the solution for output and the price level because only
the expectation of the labor supply equation is in the set of equations that determines
the equilibrium values of these variables.

There is an alternative way of finding the optimal hybrid rule which is analogous
to the alternative way of finding the fully optimal rule discussed in the subsection
on optimal policy. The optimal hybrid rule in the version with wage contracts and
flexible prices is the rule that would make the nominal wage invariant to demand,
money, and productivity shocks (U, V, and X) in the version with flexible wages and
prices. The solution for the nominal wage with flexible wages and prices is given in
equation (7'1.3) and with a hybrid rule the nominal wage is invariant to U, V, and
X if and only if the \; are set at the values given in equation (53).

4.6 Price Level Stabilization

If the nominal interest rate responds only to deviations of the price from a constant
target value, so that

)\p>0, )\y:)\y*:)\AJZAU:)\V:)\X:)\ZZO (55)

then the expected loss deviation is

AlnéL |5 1\N> , (=0 2\ 5 (1),
“ax ) U o) ) B9

Fp:&p‘i‘Oé‘}‘Oé)\p
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Under complete price level stabilization, the expected loss deviation is

Al €L |¢ 1 :522 122 P+X22 122
. \a'p) = \p) =) =) 6D

For productivity shocks, under price level stabilization, employment and, therefore,
output are more volatile than under the optimal policy. For labor supply shocks,
employment and, therefore, output are less volatile than under the optimal policy.

The policy that is optimal within the class of price stabilization policies is found
by minimizing the expected loss deviation in equation (56) with respect to Ap. The
first order condition for Ap and the optimal A\p and £’s are

0=aat+ (e =) +Te (5)) (r =T (59)
aDao? + ppxo?
Ap = % : 59
IR Y (59)
+x) o3 aDo? — pp?o?
AT OLi R PO g, 0. (60)

(0% +a%0%) D (703 +a?0%)

Therefore, the expected loss from optimal stabilization of the price level is a positive
fraction of the loss associated with the productivity shock under complete stabilization
of the price level plus the irreducible loss associated with the labor supply shock:

P 2 2
AlnéU |, a?o? p+x\" 1 )
— = = o+ 1= O (61)
apyx p?o + alo? aD D
The fraction rises from zero to one as the ration g—§ increases from zero to infinity.

T

4.7 Output Stabilization

If the nominal interest rate responds only to deviations of the output from a constant
target value, so that

)\y:—)\y>0, >\P>O, AY*:)\JV[:AU:)\V:AX:)‘Z:O (62)

then the expected loss deviation is

AnéL | 1\N? , [(r=X—-p »\ o [(1\°,
Tﬁ)“c_ F_Y O'u—l— T—I—B O'Z—I— B g, (63)

I'y=a(p+Ay) +a(l+Ap)
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Under complete output stabilization (A\y = —Ay — 00, Ap > 0), the expected

loss deviation is
n €L |f ) 2 1)* 2
— —_ 64
&p% ap) =t \p) % (64)

The policy that is optimal within the class of real output stabilization policies is
found by minimizing the expected loss deviation in equation (?7) with respect to Ay.
The first order condition for Ay and the optimal Ay and &’s are

0=aDos+ (1+Ap)[(p+x) (1+Ap) — X (0 + Ay)] o2 (65)

+x)\p  aD o2
Ay = —pt LEXAP L A T (66)

X X)‘P Ux

- ~2
X\po? pApo2 + aDo?
§v = 3 - , &y =0, {x=— Z . &,=0 (67)
D ()\Pa% + &20%) D ()\Pa% + &20%)

where \p = 1 + Ap. Therefore, the expected loss from optimal stabilization of

output is a positive fraction of the loss associated with the productivity shock under
complete stabilization of output plus the irreducible loss associated with the labor
supply shock:

AU |}, &’ v\’ 1)?
—— o =| = = ~L 2+ =) o2 (68)
apx Apo? +a%o2 ) \aD D
The fraction increases from zero to one as the ration g—é increases from zero to infinity:.

x

4.8 Money Supply Stabilization

If the nominal interest rate responds only to deviations of the money supply from a
constant target value, so that

)\]\/[:_)\Y>O; )\P:)\Y:)\Y*:)\U:AV:)\X:)\ZZO (69)

then the expected loss deviation is

= () A (B e (e B) e (5)
—— =)ot ) o+t |+ +Fx]| o+ |5 ]| 0 70
apx L IY: I'ny D D (70)

PM:AM—F&p—i‘Oé
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Under complete money supply stabilization (Ay; = —Ay — 00), the expected loss
deviation is

AlmEL|Y . [\, (1),
apx v+ \p) =T\p) " ()
The policy that is optimal within the class of money supply stabilization policies

is found by minimizing the expected loss deviation in equation (70) with respect to
An- The first order condition for \y; and the optimal Ay, and &’s are

0= —Do2 + \yD (ap + @) 02 + p(—pD + pl'yy) 02 (72)

Doy, + p*xot

Ay = 73
M= FoT+ D{apta)o? (%)
J Do? + p*xo? pJ
§uy = Ev fV:_Ta fx__fa §,=0. (74)
J:ﬁ20i+DAa§, R=D (o, +p'os+A%2), A=adap+a
The expected loss from optimal stabilization of the money supply is
AmEU|y _ (ot 7P'os) oup’os | (PPo%+ A%a)) pxCosos
apy R2 R2
2 2 2 2 .2 2 ~2 (A2 2y 2 2 2 2
+ A D 2p° (A% + Ax + 1
+(0u ;;1;) Tu0y + 14 ( XRZ X )O-uo-vo-;c + (B) O_z (75)

Comparison of equation (75) with equation (52) confirms that if 02,62 > 0, but
02 = 0, then the expected loss from optimal money supply stabilization is the same as
the expected loss from optimal nominal income stabilization. However, if 02, 02 > 0,
but 02 = 0 or 02,02 > 0, but 02 = 0, expected loss from optimal money supply
stabilization is larger than expected loss from optimal nominal income stabilization.

Although we have used our model to make clear the disadvantages of money
supply stabilization, we cannot use it to evaluate claims about the advantages of this
policy. In our model, all data become available simultaneously. However, in real-
world economies money supply data become available more quickly than most, and
it is sometimes claimed that money supply stabilization has an advantage because of
this fact. In our model, the policymaker can achieve a desired value for any single
variable. However, it is sometimes claimed that in real-world economies it is easier

to achieve a desired value for the money supply than for some other variables.
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5 Wage and Price Contracts

In this section we consider the version with both wage and price contracts.

5.1 Solution

In this version, both the wage and price equations are different from the case of
perfectly flexible wages and prices:

U W (LU :
& (W) = ?8 (YﬁX> , (price)

LXU W (LU
& (XOZ > = Fg (W) ; (Wage)

Both wages and prices must be set one period in advance without knowledge of the
current shocks so both the wage equation and the price equation contain expectations.

We solve the model using the method of undetermined coefficients. The solutions
are displayed in Table 3. Suppose that the solution for L has the form given in
equation (7'3.1). We find ¥ by substituting the production equation into the price
and wage equations, collecting terms, and dividing the price equation by the wage
equation to eliminate % to obtain

E(LPUX7?)  E(L*UX ) 26
o€ (LXUZY) — b€ (Le—aPUX ) (76)

Substituting in the conjectured form of the solution for L in equation (7'3.1) and
rearranging yields

AP~ E

« ) (@s) -1 (77)
XoUXE (Qs)

Q5 — []1*T/JU‘if"/'*l/)vaﬁ)(*(1/1)(C~¥f’+ﬁ)Z*T/)Z&ﬁ7 QG — UT/)U)~<+1VT/)V5<X¢X)~<Z¢Z)~<*1

If equation (77) is to hold ¥ must take on the value in equation (7'3.3).
We find the ¢;, P, and W by substituting the rule equation into the demand
equation to obtain

Y PP = PrYNWY ey MR XX 7228 (Y PLU L) (T8)
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Table 3: Wage and Price Contracts

L= QU Vv Xvx 7%z

¢ _ 1=y 'I/J __Avtig 'I/J __ AxdpAvHAvm XAy ¢ _ Az Gy«
U — ) vV — F ’ X F Z

F FD F  FD

1

U=H(5)", F=dlp+iu+N), D=ap+x
nEQs = (Yyap — 1)* 02 + y7. a0 + (Pxap + p)° 02 + 45,8 p 0’

InEQs = (Yyx + 1)* 02 + i 202 + 4202 + (Y x — 1)* 02,

1

In (52)" = (WBA —2up) 02 + g} Aok + (ALGLRIIR ) 52 o (LML) o2

A=ap—x

t

InEQ7 = (1 — Yydp)’ on + VL& 0% + (UxGp + p) 0% + 56 p 0

W = PPorti+l (X) (g—g;) ,

2 2
InEQg = <(¢U + 171&[)) o + o + (?/JX — 1—7%—[)) o2+ 1/12Z02> (1—ap)*

73.1

73.2

73.3

73.4

73.5

73.6

3.7

73.8

73.9

73.10

73.11

In a stationary rational expectations equilibrium with a levels reaction function P, =
P. Imposing this restriction and eliminating Y, M, and Y * using the production and
money equations and the solution for Y* implied by the solution for L* in equation
(T'1.1), respectively, and collecting some terms yield

a(p+ A+ Ay) I+ Ypu+ dyv+ Yy + ¢ ,2)

= — ()\y + )\]\/j) In 6&71 — )\y* In (&71H&) — )\Yﬂ —1In 5:: (Q7) - ()\P + )\]V[)p (79)

(L= ) — (A + Agg) o — (et tDeides ) 5 (JaDtides)

Q7 = Ul—Yuvapy —vYvap x =Y xap—p 7= zap
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If equation (79) is to hold for all U,V, X, and Z, it must be that the ¢; and P,
respectively, must take on the values given in equations (7'3.2) and (7'3.8). Given

the solution for P, the price equation can be used to obtain the solution for W in
equation (7'3.10).'6

5.2 Optimal Policy and Output Gap Stabilization

In this subsection we discuss the optimal policy with wage and price contracts. As in
the case of wage contracts and flexible prices, we state the policymaker’s optimization
problem in terms of the labor coefficients and then infer the optimal rule coefficients.
It is clear from Tables 2 and 3 that the solutions for L and, therefore, the solutions
for Y have exactly the same form with wage and price contracts as they do with wage
contracts alone with ¢;,7 = U,V, X, Z replacing &;,j = U,V, X, Z whereever they
appear. It follows that the expressions for expected loss and, therefore, the optimal
values of the shock coefficients in the solution for L are the same with wage and price
contracts as they are with wage contracts alone. That is,

bu=0,  dy=0, gy=-L  y,=1 (30)

In characterizing the optimal policy rule, as before we assume that the policymaker
responds only to the price level and the shocks:

>\U,>\V,)\X,)\Z z 0, Ap >0, )\]V[:)\y:)\y* =0 (81)

and that A\p is an arbitrary positive number. The optimal rule coefficients implied
by the optimal labor coefficients are

=1, Av=0, Ax=-2 );=-% (82)

In contrast to the results for wage contracts alone, with wage and price contracts the
optimal \;,j = U,V, X, Z are independent of A\p. The only role played by Ap is to
guarantee determinacy, in particular, to insure that agents can calculate the expected
future price level. The contract price for the current period is set before the shocks
are drawn so there can be no movements in the current price level induced by the
shocks and therefore nothing for the policymaker to respond to.

With wage and price contracts, just as with wage contracts alone, complete sta-
bilization of the output gap yields the optimal outcome and for the same reason.

5.3 Simple Policy Rules

Given one-period wage and price contracts and the list of variables we have included
in the policy rule, there are really only two simple rules to consider: output stabi-
lization and money supply stabilization. Since prices are set before uncertainty is

160Of course, the solution for W can also be obtained using the wage equation.
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resolved, the price level is always completely stabilized. As a consequence, stabiliz-
ing nominal income is the same thing as stabilizing output. Given the simple form
of our money demand function, output stabilization and money supply stabilization
have very similar implications. Stabilizing the money supply is the same thing as
stabilizing output except that there is some increase in loss because shifts in money
demand are not fully accommodated.

If the nominal interest rate responds only to deviations of output from the constant
target value Y, so that

)\y:—)\)‘/>0, )\p>0, )\y*:)\AJZAU:)\V:)\X:)\ZZO (83)

then the expected loss deviation is

AlnéL [ ( 1 )2 ) ( p+ Ay f>>2 ) <1>2 2
— = |z~ Cut |\ =Tt %t || O 84
apx a(p+Ay) a(p+Ay) D D (84
Under complete output stabilization (A\y = —Ay — oo, Ap > 0), the solutions for
the ¢, are

and the expected loss deviation is

Aln &L |EY ¥\ L. (1),
TZ)X_ aD O-m+ 5 o, (86)

As is clear from a comparison of equations (86) and (48), if £ > p, that is, if the ratio
of the elasticity of the disutility of labor to the labor elasticity of production exceeds
the elasticity of the utility of consumption, complete nominal income stabilization
increases loss more when there are price contracts.

The policy that is optimal within the class of output stabilization policies is found
by minimizing the expected loss deviation in equation (84) with respect to Ay. The
first order condition and the optimal Ay and £’s are

0= —aDo2 +p(a+x) o2+ axo2dy (87)

_ Doi —platx)o?

A2
X0g

Ay

S 2 2 ~~ 2
Xo: Do, + paos;
= - = 0 = ———

abD (O_%L + 0_%)7 é-Z =0. (89)
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Therefore, the expected loss from optimal stabilization of output is a positive fraction
of the loss associated with the productivity shock under complete stabilization of
output plus the irreducible loss associated with the labor supply shock:

AU, ([ o? ¥\ o (1), %0
aiv \e2+o2)\ap) =T \D) (90)

. . . 2 . . .
The fraction rises from zero to one as the ration Z¢ increases from zero to infinity.

6 Conclusions

In this paper we construct an optimizing-agent model with one-period nominal con-
tracts which is simple enough that we can make exact utility calculations. We evaluate
alternative monetary policy rules using as a criterion the utility function of the repre-
sentative agent. We focus on the two cases of (1) wage contracts and flexible prices
and (2) wage and price contracts because, as we show, the outcomes in the third case,
price contracts and flexible wages, are the same as the outcomes in the case of wage
and price contracts for all variables except the nominal wage.

The fully optimal rule under complete information can attain the Pareto-optimal
equilibrium because we assume one-period nominal contracts. We contrast the per-
formance of the fully optimal policy with both ‘naive (complete stabilization)’ and
‘sophisticated (constrained optimal stabilization)’ of one variable or a combination of
two variables. The simple rules we consider can never achieve the Pareto-optimal
outcome because they imply no response to labor supply shocks. However, if there
are no labor supply shocks, in a few special cases, naive and optimal simple rules are
as good as fully optimal rules. Of course, in general, they are not.

A number of our conclusions regarding simple rules depend critically on the rela-
tive importance of productivity disturbances. For example, with only wage contracts,
the more important are productivity disturbances, the worse are all forms of nominal
income targeting and the greater the difference between the naive and sophisticated
versions. Another critical parameter is the elasticity of the disutility of labor (which,
of course, is inversely related to the elasticity of labor supply). For example, if the
elasticity of the disutility of labor is high with wage contracts alone naive nominal in-
come targeting performs very well but with both wage and price contracts it performs
very badly.

Just how much further it is worthwhile to push the analysis of one-period nominal
contract models is an open question. In this paper, we reaffirm that such models
are tractable, but we show that some of their results are quite special, for example
the result that if there are price contracts the existence of wage contracts is of no
consequence. In Henderson and Kim (1999a) we determine the effects of targeting
money growth, inflation, and combinations of inflation and output on employment,
output, and inflation. At a minimum, we plan to use the model of this paper to
analyze the welfare implications of simple and optimal forms of these and related
types of targeting.
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Appendix A

In this appendix we summarize the properties of log normal distributions that are
used in this paper

Suppose that the variable ) has a log normal distribution; that is, suppose that
q=InQ ~ N(ug,203). Now InQF = kq so Q¥ = €. Tt follows that the E (Q%) =
E(ef) = M(q, k) where M (q, k) is the moment generating function for ¢ and is given
by

& 1
Mgk = [ e | dg = hratiid (A1)
that is

E(Q) = eatd (A.2)

Note that if g = 0, then F(Q) = @ # 1 and E (Q?) = ‘"2 However, if
E(Q)=1=¢'a™Q, then 0 = fig + 04 50 pg = —0p, and E (Q*) = Q1% = 270,
We have assumed that 1, = 0 in order to simplify our calculations. However, we can
understand why others might prefer the alternative assumption.

Now suppose that the variables U, V, and X are independently and log normally
distributed; that is, suppose that w = InU ~ N(u,,202), v =InV ~ N(u,,202), and
r=1InX ~ N(p,,202). It follows that

B (UkUVkVXIcX) — kvt kG oL thy kY odthx py kol (A.3)
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Appendix B

In this Appendix we show that the solutions with price contracts and flexible
wages are the same as those with wage and price contracts for all variables except
the nominal wages,, as can be confirmed by comparing Table 4 with Table 3. With
price contracts and flexible wage the wage and price equations are

U 1 WLU .
& (W) = ﬁg ( Yo X ) (pI‘lCG)
w Lxy?
- = Xo ~ (wage)

Suppose the solution for L takes the form given in equation (7'4.1). To find ® we
substitute the production and wage equations into the price equation, and collect
terms:

Xof (LXUZ7Y) = arE (L ®UXP) (B.1)

Substituting in the conjectured form for L in equation (7'4.1) in Table 4 yields

XO(I)SC((:QG = &pq)f&f)gQ5 (BQ)

Qg — Ul—ff)U&ﬁV—‘f)V&ﬁX—(‘f)xaﬁ'i‘p)Z—(/)Zaﬁ’ QlO — U¢U5<+1V¢VXX¢I>~CZ¢Z>~<—1

If equation (B.2) is to hold ® must take on the value given by equation (74.3). Note
that (g, Q10, and @ are identical to @2, ()3, and = respectively except that &; is
replaced by ¢; for j =U,V, X, and Z.

To find the ¢; and P we substitute the rule equation into the demand equation:

YPPTIU = PArYNWY vy Ay (P gru v XX 722 (Y P PHU L) (B.3)
Imposing the restriction that P;; = P and eliminating Y, W, M, and Y* using

the production, wage, and money equations, and the solution for Y* implied by the
solution for L* in equation (7'1.1), respectively, and collecting terms yield

& (p+ A+ Ay) (0P + dpu + dyv + dxx + ¢z2) = — Ay + ) In (@)

— Ay« In (&_IH&) — Ay —In€(Qu) — Ap+Au)p (B.4)

(L= )= Ay + Agg) — (e iP5 (JaDtides)
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Table 4: Price Contracts and Flexible Wages

L = (I)Uff)UV(/)vX‘f)XZ‘f)Z

¢ _ 1=y ¢ _ _Av-i-A]\/[ ¢ _ _Ax+P+Ay+/\M _ XAy = ¢ — _)‘_Z _ Gy *
U — » YV T y VX T F FD » YZ — F FD

@:H(&)ﬁ7 F=da(p+iu+Xy), D=ap+¥
InEQy = (¢pyap — 1) 02 + $La°p%0% + (pxap + p)’ 02 + 5320

nEQup = (dyx + 1)° 02 + 2202 + ¢3 202 + (d,% — 1) 02,

1

In (553190)5 = (02A — 26,) 02 + $2A0? + (¢%(A+(2<]f;xa+1)7a2) o2 + (‘f)QzA-‘r?fo)zfé—l) 02

A=ap—x

P = ((I)F (&71)*(/\YHM) (&71Ha)/\y* ?AYSQOW

mEQ1 = (dpap — 1) 02 + ¢.a%p%02 + (pxap + p) o2 + ¢%a%p*0?

741

742

T4.3

744

T4.5

T4.6

T4.7

T4.8

74.9

where In€ (Q11) is given by equation (7'4.10). If equation (B.4) is to hold for all
U,V,X, and Z, the ¢; and P must take on the values given in equations (7'4.2) and
(T'4.8), respectively. The solution for W is found by substituting the solutions for
L and P given by equations (7'4.1) and (7'4.8), respectively, and the solution for Y
implied by the solution for L in equation (7'4.1) into the wage equation (74.10).
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Figure 1. Flexible Wages and Prices



