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1 Introduction

This paper is an exercise in stabilization economics. We analyze the choice of a
monetary policy reaction function using the standard approach originated by Bailey
(1962) and extended by Poole (1970), and our title is patterned after Poole’s.

We consider two “general” specifications for a monetary policy reaction func-
tion: a “levels” reaction function and a “combination” reaction function. In both
specifications, the interest rate is the instrument of monetary policy. In the levels
specification, the interest rate responds to deviations of the money supply, the price
level, and the level of output from chosen values. In the combination specification,
the interest rate responds to deviations of the growth in the money supply, the rate
of inflation, and the level of output from chosen values. These two specifications have
almost all popular monetary policy reaction functions as special cases. The special
cases that we consider here are keeping the interest rate instrument constant, referred
to for brevity as “interest rate targeting,” and using the interest rate instrument in
targeting exactly one of the following: money, the price level, output, nominal income
(output), money growth, inflation, and the sum of inflation and output.!

Our analytical framework is an optimizing model with nominal stickiness that is
“up to date” in the sense that it is similar to those analyzed by others recently.? We
call our model “simple” because it has one-period nominal stickiness, i.i.d. shocks,
and no capital accumulation.?

Our model incorporates the increasingly popular paradigm with monopolistic com-
petition among firms and monopsonistic competition among workers crafted by Blan-
chard and Kiyotaki (1987) using insights from Dixit and Stiglitz (1977). As is no
doubt widely recognized, this paradigm does not account for the presence of nomi-
nal stickiness, one of the two major explanations for the existence of a “stabilization
problem.”* That is, the nominal stickiness in models embodying this paradigm, as

L “Interest rate targeting” and money supply targeting are considered by Bailey (1962) and Poole
(1970) and also by Bryant, Henderson, and Parkin. Nominal income targeting is suggested by
Corden, Meade, and Tobin: analyzed extensively by Bean (1983): and further analyzed by Aizenman
and Frenkel; Argy; Asako and Wagner; Frankel; Frankel and Chinn; Frenkel, Goldstein, and Masson;
Fukuda and Hamada; Marston; Meltzer; Reinhart; Taylor; and West. Targeting a combination
of inflation and output is investigated in several of the chapters in Bryant, Hooper, and Mann
(1993), including Henderson and McKibbin (1993a), and in Henderson and McKibbin (1993b) and
is found to be consistent with U.S. data for the period after 1982 by Taylor (1993). A rule involving
targeting a combination of inflation and output is often referred to as a Taylor rule. Citations for
the contributions of the authors mentioned but not cited in this footnote are contained in the two
Henderson and McKibbin pieces.

2Most of the recent papers that make use of optimizing models with nominal stickiness are cited
in Cooley and Hansen (1995) or Goodfriend and King (1997).

3The analysis of non-overlapping contracts of the type used in this paper was pioneered by
Gray (1976) (one-period contracts) and Fischer (1977) (two-period contracts). One-period contracts
in optimizing models are considered by Cho (1993) and Dow (1995) (wage and price separately),
Benassy (1995) (wage) and Beaudry and Devereux (1995) (price). All of these authors assume
serially correlated productivity and money growth shocks. Multiperiod overlapping contracts are
considered by King (1991) (price and wage) and Cho and Cooley (1995) (wage).

4The other major explanation is that even without nominal stickiness there may be multiple
(Pareto rankable) equilibria, so there may be a “coordination problem.”



in most if not all other models, is ad hoc. Nonetheless, this paradigm represents a
step forward because it provides a plausible description of how agents might behave
if nominal stickiness is assumed. In particular, under this paradigm within a range it
is profitable for firms to produce more output and for workers to supply more labor
if the demand for output turns out to be higher than expected.

Models like ours that incorporate nominal stickiness and the new paradigm are
properly viewed as extensions of earlier “disequilibrium models,” because both classes
of models require specifications of how agents behave in the presence of ad hoc nominal
rigidities.” The close connection between today’s and earlier disequilibrium models
is particularly obvious in the simple model of this paper. In order to emphasize
this connection, we choose the modifier “notional” for the version of our model with
flexible wages and prices.

The relative attractiveness of alternative monetary policy reaction functions de-
pends both on the type of shock that hits the economy and on the type of nominal
stickiness that exists in the economy. We consider three kinds of shocks: money
demand shocks, goods demand shocks, and productivity shocks. All of them are in-
cluded in the specification of the model from the outset rather than being “tacked
on” at some later stage of the analysis. Furthermore, all of them are shocks to the
“technology” that constrains the optimization of agents not to the “tastes” of the
agents, so, in principle, the effects of these shocks under alternative types of targeting
can be compared using the utility function of the representative agent.

We consider three types of one-period nominal stickiness: wage stickiness, wage
and price stickiness, and price stickiness. In addition, in solving for the rational
expectations equilibrium of the model we consider what happens when wages and
prices are perfectly flexible.

In this paper we rank different types of targeting for a given variable and a given
type of shock. We say that a given type of targeting is “better” than some other
type for a given variable and a given type of shock if the deviation of the given
variable from its target value for the given type of shock is less with the given type of
targeting, and we use the symbol “>~" to represent the words “is better than.” This
way of ranking regimes facilitates comparison of our results with those from most of
the existing stabilization literature. An attractive alternative way of ranking regimes
for different shocks is to use the utility function of the representative agent.5

2 The Notional Model

In this section we consider the notional model that is used as the point of departure
for our analysis of monetary policymaking with nominal stickiness. This model deter-

SPatinkin is among the first to use a disequilbrium model, and Clower is both an important
developer of such models and a persuasive advocate of their use. Barro and Grossman provide an
early systematic analysis of these models. Other important contributors to the analysis of disequi-
librium models are Benassy, Grandmont, Henin, Malinvaud, Negishi, and Portes. Citations for the
contributions mentioned but not cited in this note can be found in Quandt (1987)

6Clarida, Gali, and Gertler (1997) cite several studies that use this approach.



mines the actions that agents would take if wages and prices were perfectly flexible.
Variables are defined in Table 1. Except for the interest rate, the inflation rate, and
the money growth rate, large letters stand for the levels of variables and small letters
for the deviations of logarithms of variables from their unconditional expected values.
Time subscripts are suppressed except when they are needed for clarity.

Table 1: Definitions of Variables

Y;Y outputs Ty, T taxes

Ly, Ly, L labor amounts G government spending

P, P prices I =147  gross nominal interest rate
Wy, W nominal wages I[I=1+m gross inflation rate

Dy, D consumption realizations M =14 pu gross money growth rate
Ch,C consumption purchases Xy, X productivity shocks

My, M nominal money holdings Vy, V money demand shocks

By, B nominal bond holdings U,, U goods demand shocks

2.1 Firms

There are n; “identical” monopolistically competitive firms, where n; is normalized
to 1. The problem of the fth firm is to find the’

P W
(5= 5 ). 0

Its output is given by its production function,®
Yy =Ly Xy, (2)

where Ly is the amount of a bundle of labor composed of equal amounts of the labor
of all households that it employs, X is its productivity shock, and X; = 1. The
inverse demand function for its product,’

_ry-t
Py _ <ﬁ> e (3)
P Y ’

gives its relative price as a decreasing function of its relative output. To maximize
profits a firm must hire labor up to the point at which the marginal value product of

1

=\ —1 o\ —(T=1)
"Ly and W are defined as Ly = < e (th> L> and W = ( e (Wh)TL*]) ,

respectively.

8That is, we assume for simplicity that there are no factors of production other than labor and
no fixed costs. Kim (1997a) 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.

9This inverse demand function reflects the behavior of households which maximize utility given
relative prices.




labor equals the real wage:

1—ay\ (Yp\
w_ < O‘) <—f> Y LXy. (4)
P Ty Y
Since ny =1,
Lf:L, Yf:Y, and Xf:X (5)

The equalities in (5) imply that the “aggregate production function” and “aggregate
labor demand” are, respectively,

Y = L'°X, (6)

E (l—a

— ) X (7)

Loglinearizing, we obtain the first two equations in Table 2 below.

2.2 Households

There are n, identical households, where n; is normalized to 1. The problem of the
hth household is to find the

170’ -1 1 L1+X
2: s—t h,s h,s
) _ - ) 8
{Ch 37M£L.1973h sths { /8 ( 1 ag (L%) 1+X ( )

subject to
th 1 i Pf WS
Ch.s Lys+— “Yis— —0L;g
h, P, hs hle<P 1, P, f,>
Ty, — My s — M, 51 +]]D3h,s —Ip s 1Bps (9)
Mhs 1 P
Dy, =Chs|1—0exp|— ’ — DpUpg, 10
S o R
W, Lo\~
h,s h,s 7L
s [ S 11
v = (7)) )

where & indicates an expectation based on period ¢ information. According to equa-
tion (8), period utility depends positively on the consumption realization and neg-
atively on labor supply, and the disutility of deviations of the ratio —’— from one
increases without limit as y — oo. The period budget constraint, equatlon (9), states
that consumption expenditure must equal disposable income minus asset accumula-
tion. The household receives one n,th of aggregate profits. According to equation
(10), the consumption realization depends positively on consumption expenditure
and real balances and negatively on the money demand shock and the goods demand
shock. Each household is a monopsonistically competitive supplier of its unique labor
input. The inverse demand function for its labor, equation (11), gives its relative
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wage as a decreasing function of its relative labor input.'* We impose the following

parameter restrictions: 0 < 8 <1,k > 0,0 < < 1, and x > 0 and assume that Vy,;

Mhp ¢
= 8 2
Ph,tcz,t

Substituting (10) into (8), substituting (11) into (9), constructing a Lagrangian
expression with the multiplier 7, , associated with the period budget constraint for
period ¢, and differentiating yields the first order conditions for period ¢ variables:

), where & indicates an unconditional expectation, and Uy, = 0.!!

Dh,t;C t
0=—"— - Nhts (12)
Rt
Dy, M, Nh,t+1 "hyt
hot t P I -
Nhtt1 Mt
O = I 8 — - _77 14
e (2] - (14)
Ln:\* 4%
0= 2t 4 TntPit (15)
Ly, L b
where
Mht 1 Mht 1 Mh t 1
Dy, .. =1—0Oexp|— : — kb ’ exp | — ’ ) 16
hytych,t p < PtC]':it Vh,t) Ptcg,t Vh,t p < PtCII?,t Vh’t> ( )
0 My, 1
P Dh sy, = At “por v ) 17
t h,t,]\/[h,t C;Z;lvh’t exXp ( Ptc;;,t Vh’t> ( )

Hereafter, we omit ¢ subscripts except when they are needed for clarity. Since n;, =1,
Dn=D, Ly=L, Ly=L, C,=C, Wo =W, T) =T, (18)

Mh:Mv Bh:Ba Uh:U7 Vh:V7 Np =1

10This inverse demand function reflects the behavior of firms which maximize profits given relative
wages.

1 TY

1 —(ty—1)
¢y, and P are defined as Cj, = (Z?il (th) TY> and P = (Z?f_l (Pf) TY]) ,

respectively. The expression for D; in equation (10) has the properties that

lim Dt > 0, Mlim Dt > Ct, and AhHl Dt > (1 - 9)01,,

My 3 o %
0 T 00 PCT -V

Another plausible specification of the relationship between C; and D; that has the same properties
if0=a/(1+0b)is

M, 1 )‘1

- — DU,
P,.CrV, ¢

Dt:Ct [la(l—l—b

We chose the specification in the text for simplicity. Another way of taking account of transactions
costs would be to subtract them from output produced in order to obtain the output available for
use by agents.



Therefore, the “aggregate first-order conditions” are

D¢

OZE—% (19)
_ Du M _ 1
0="77 +68<P+1 5 (20)
N1 n
0=p6IE (L) — 2L, 21
are (%) -4 (21)
INY W
=— (2 L= 29
0 (L> +7—LP7 ( )
where M1 M1
De=1-—86 — — ) — kb — - — 2
¢ eXp( PCHV) w PCHVeXp< PC’HV)’ (23)
0 M 1
PDu = Ccr1y P (_ PCKV) ' (24)

The equalities in (18) imply that V = & (%), so the logarithmic differentials of
D¢, Dy, and D? are

— 0

Do =———(m—p—krc—v), (25)
PDy =c—m+p, (26)

— e—0—~krb 0
D :ﬁ(fc—Fe—eO’(m—p—V)—O’U, (27)

Using (19) to eliminate 7 in (22) yields a “labor supply” equation with the logarithmic
approximation
xl=—-6c—((m—-p—v)+ocU+ (w—p), (28)

and using (19) for today and the expectation of (19) for tomorrow based on today’s

information to eliminate } and &£ (;’D—i) in (21) yields a consumption Euler equation

with the logarithmic approximation
bct+((m—p—v)—oU= ocy1+¢ (m+1 — P41 — V+1\) - (it - 7T+1\) —oUyyy, (29)

where the subscript 41| attached to a variable indicates the expectation of tomorrow’s
value of that variable based on today’s information. In equations (28) and (29)

e—0— kb K0 K0 e—0
6 = ( e—0 >a+e—0—f<;0:0+e—9(e—@—/@ﬂ_a)’ (30)

0 o (0 e—0
¢ = (ﬂ)a_e—G—/iG_(m) (0_6—9—/{c9>'

To simplify the analysis and to facilitate comparison of our results with those from
the many models in which the utility function is additively separable in consumption
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e—0

and real balances, we focus on the special case of our model in which = — 0 =0
so that § = o and ¢ = 0.!? In this special case, the logarithmic approximations of the
labor supply and consumption Euler equations become, respectively,

xl=-oc+U+(w—p), (31)
oc—U=o0ciq — (@ — 7T+1‘> — Uiy, (32)

where cU = U. Interpreting M as the money supply and using (21) to eliminate

& (Z—i) in (20) and (19) to eliminate % in the resulting equation yield an equation
13

for money market equilibrium with the logarithmic approximation

m—p=¢c—ci+v, (33)
where
e—10
¢ = e — kO’
6 e—0—kb
p— 4
© 1-08) e—rl ’ (34)

B 0
vo= 6_/{/9 V.
2.3 “Fiscal” Policy

In recent years it has been recognized that “fiscal” policy and “monetary” policy are
interrelated in the sense that 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.'* The interaction between “fiscal” policy
and “monetary” policy is an interesting and important topic. However, it is not the
topic of this paper. Therefore, we impose some simple assumptions about the paths
of government spending 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:

i By
G+ 5 =T =0 (35)
G=0 (36)

12This condition can be met only if ¢ is greater than 1, but not “too large.”

13In our model the “activity variable” in the money demand function is consumption. It is possible
to construct models in which the activity variable is output. It does not matter which specification
is chosen in our model with no investment or government spending, but as shown by Erceg (1997)
it can matter in a model with capital accumulation.

HMBryant (1980) and Sargent and Wallace (1981) call attention to the importance of the interre-
lationship between “fiscal” policy and “monetary” policy. Leeper (1991), Sims (1994), Woodford
(1996), and Canzoneri and Diba (1997) make significant advances in the analysis of this relationship.

15We assume that the expected rate of inflation, the solution for inflation in the notional model
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.
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2.4 “Monetary” Policy

As stated in the introduction, “monetary” policy is characterized by one or another
monetary policy reaction function. We assume throughout that the interest rate is
the instrument of monetary policy. We consider two “general” specifications for a
monetary policy reaction function: a “levels” reaction function and a “combination”
reaction function. Our reasons for naming the two reaction functions as we do should
be clear after we describe them. Almost all commonly considered specifications of
monetary policy are special cases of these reaction functions. We refer to the model
with the levels reaction function as the “levels model” and the model with the com-
bination reaction function as the “combination model.”
The levels reaction function is
I A PY M
I <P’ Y'M > ’

(37)

where P is the target price level; Y is expected output, the solution for output in
the notional model when all shocks take on their mean values; I is the gross nominal
interest rate consistent with the price level and output being constant at their target
and expected values, respectively; and M is the target level of the money supply, the
level of the money supply that is consistent with P, Y, and I being equal to P, Y,
and I, respectively.'® 7

The loglinearized version of the levels reaction function is'®

i = Amm + Ay + App. (38)

The “nominal anchors” in the levels model are money supply and the price level.
As is shown in Appendix A, the levels model has a unique solution only if the sum
of the responses of the interest rate to deviations of these nominal anchors from
their target values exceeds zero, that is, only if A,,+ )\, > 0. We focus on several
types of targeting that are special cases of the levels reaction function. Price level
targeting, output targeting in the levels case, nominal income (output) targeting,

16We assume that the target value of the price level is constant and equal to one for simplicity.
It is straightforward to generalize the analysis to the case in which the target value increases at
a constant rate over time, and I reflects that rate of increase. The essential feature of price level
targeting is that the monetary policy maker tries to move today’s price level toward a prespecified
target value no matter what the value of yesterday’s price level.

17T, the solution for labor in the notional model when all disturbances take on their mean values,
is given by

— | NV}
L= [(1 — Oé) Xl_a] xtatl-—ajo Lx+a+?lfam'

It follows that L — L as y — .
1¥We do not allow for purely exogenous changes in the interest rate. If we did the reaction function
would be

T = Amm 4+ Ay + App + f.

where, for example, f is an i.i.d. shock.



and money stock targeting are limiting cases in which the response of the interest
rate to deviations from target in p, y, p + y, and m, respectively, approach infinity.
“Interest rate targeting” is a shorthand way of referring to the limiting case in which
the responses of the interest rate instrument to changes in m, p, and y approach zero.
The combination reaction function is
L_p(L YoMy "
1 Iy m
where II is the target gross rate of inflation; Y is expected output, the solution for
output in the notional model when all shocks take on their mean values; I is the
gross nominal interest rate consistent with the gross inflation rate and output being
constant at their target and expected values, respectively; and M is the target gross
rate of growth of money, the rate of growth of money that is consistent with II, Y,
and I being equal to II, Y, and I, respectively.'?
The loglinearized version of the combination reaction function is

i =Yl VYt YT (40)

The nominal anchors in the combination model are the money growth rate and the
inflation rate. As is shown in Appendix A, the combination model has a unique
solution only if the sum of the responses of the interest rate to deviations of these
nominal anchors from their target values exceeds unity, that is, only if v, +~, > 1. We
focus on several types of targeting that are special cases of the combination reaction
function. Inflation targeting, output targeting in the combination case, inflation
plus output targeting, and money growth targeting are limiting cases in which the
response of the interest rate to deviations from target in 7, y, m+y, and u, respectively,
approach infinity. With the combination reaction function there is no sensible limiting
case that can be thought of as “interest rate targeting.”

Allowing v, to be positive instead of zero complicates the analysis substantially.
However, it is important to consider this case because many analysts have suggested
that u should be included in the monetary policy reaction function and because the
case of 7, — 00 is a standard case in the theoretical literature on monetary policy in
optimizing models.?"

2.5 Equilibrium

In this subsection we discuss equilibrium in the levels model and in the combination
model. We assume that the shocks are i.i.d.

19We assume that the target gross inflation rate is one or, equivalently, that the target inflation
rate is zero for simplicity. It is straightforward to generalize the analysis to the case in which the
target inflation rate is positive, and I reflects that positive target rate. The essential feature of
inflation targeting is that the monetary policy maker tries to move today’s price level toward a level
that depends on yesterday’s price level.

20Cho (1993), Cho and Cooley (1995), and Benassy (1995) assume that the money growth rate is
exogenous. However, Leeper (1991), Sims (1994), Woodford (1996), and Kim (1997b) assume that
monetary policy is governed by reaction functions similar to some of those considered in this paper.



Table 2: The Notional Models

y=1—-a)l+zx production function T2-1
p—w=al —x labor demand T2-2
w—p=xl+oy—-U labor supply T2-3
oy = —[i — (py1) — p)] + U + 0y — Uyq)  aggregate demand T2-4
m=p+ ¢y —ci+v money market equilibrium T2-5
= A;mm + Ay + App levels reaction function T2-6
L=t Yyt VRT combination reaction function T2-7
T=D—p-1 inflation definition T2-8
p=m—m_q money growth definition T2-9

Table 2 contains the equations that form the basis of our analysis. The notional
levels model comprises equations (T2-1) - (T2-6), and the notional combination model
comprises equations (T2-1) - (T2-5) and equations (T2-7) - (T2-9). Equation (T2-1)
is the loglinearized version of the production function (6). Equation (T2-2) is the
loglinearized version of the negative of the labor demand equation (7). Since we
assume that government spending is equal to zero, consumption demand is equal to

output demand:
c=Y. (41)

Therefore, wherever (' appears in the aggregate first order conditions for households
we replace it with Y. When we follow this procedure, equation (31) yields equation
(T2-3), the negative of the labor supply function; equation (32) yields equation (T2-
4), the “aggregate demand function;” and equation (33) yields equation (T2-5), the
money market equilibrium condition. The levels reaction function, equation (38),
is rewritten as equation (T2-6), and the combination reaction function, equation
(40), is rewritten as (T2-7). Equations (T2-8) and (T2-9) are inflation and money
growth definitions, respectively. The equations in Table 2 contain the expected values
of future shocks and endogenous variables, so they can be used to determine the
equilibrium values for today’s variables only after these expected values have been
determined. We explain the determination of the expected values of future shocks
and endogenous variables in Appendix A.

3 The Model with Wage Stickiness

In this section, we discuss the model with wage stickiness. We consider the levels
model and the combination model separately. In both models notional labor supply
is used in determining contract wages. For simplicity, we assume that notional labor
supply is perfectly inelastic (y — 00). Under this assumption, natural employment,
the level of employment determined by the notional model given shocks is a constant,
so it is easier to evaluate the relative performance of the alternative special cases of
the reaction functions.
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3.1 The Levels Reaction Function
3.1.1 The Full Levels Model

The levels model with wage stickiness is obtained by assuming that there are one-
period wage contracts and that prices are perfectly flexible. Today each household and
all firms agree on a nominal wage for that household based on information available as
of yesterday, and each household agrees to supply whatever amount of its labor firms
want at its contract wage. The nominal wage for each household is set so that the
marginal disutility of labor for that household is equal to the marginal value product
of that household’s labor. The notional labor supply schedule is used along with all
the other equations of the notional levels model in setting the nominal wage, but it
is omitted from the full levels model with wage stickiness.

In particular, today’s nominal wage is determined by taking expectations of the
notional levels model in Table 2 with y — oo based on yesterday’s information and
setting the nominal wage equal to the expected nominal wage. With one-period wage
contracts, i.i.d. shocks, and fulfillment of the conditions for a unique equilibrium in
the levels model, it is shown in Appendix A that

Ya=la=z1=w=pa=U_1=m_1=4%4_1=0v_1=0, (42)

P11 = Y41-1 = U111 = 0,

where the subscripts | —1 and +1 | —1 indicate, respectively, the expectation of
a variable dated today based on yesterday’s information and the expectation of a
variable dated tomorrow based on yesterday’s information. It follows that

w=w-; =0, (43)

The full levels model with wage stickiness is shown in Table 3. It is obtained by
beginning with the notional levels model in Table 2, dropping the equation for notional
labor supply, and making use of the information in (42) and (43). Whenever the
notional labor supply function is left out of the model with nominal stickiness as it is
in both the levels and combination models with both wage stickiness and wage and
price stickiness, the solution of the model with nominal stickiness does not depend
on the value of x.

Table 3: Full Levels Model with Wage Stickiness

y=1—-a)l+zx production function T3-1
p—w=oal—= labor demand T3-2
w=0 wage setting T3-3
oy=—(i+p) +U aggregate demand T3-4
m=p+ ¢y —eci+v money market equilibrium T3-5
i = A;mm + A\yy + A\pp reaction function T3-6

11



3.1.2 The Schedules and a Relation for the Levels Model

The equations for the schedules and a relation used to analyze the levels model with
wage stickiness are shown in Table 4. Note that the first three equations determine
the three variables y, p, and i given values of the shocks. We explain the schedules
using Figure 1, Panel A. The aggregate supply (AS) schedule slopes upward because
an increase in p causes the real wage to fall, so employment and, therefore, output
increase. Its equation (T4-1) is derived by adding equations (T3-2) and (T3-3) and
using the resulting equation to eliminate [ from the production function (T3-1). Its
slope is a/(1 — «). Note that ¢ does not enter the equation for the aggregate supply
schedule.

Table 4: Schedules and Relation for Levels Model with Wage Stickiness

ay=(1—a)p+= AS schedule T4-1
oy=—(i+p) +U AD schedule T4-2
1= ( T )y+ (lﬂme)p%— <1J;\Am6)v R schedule T4-3
p+y=20 PY constant schedule T4-4
pt+y=I PY to L relation T4-5

The aggregate demand (AD) schedule slopes downward because, given that the
expected future price level is fixed in the levels model, an increase in p raises the
expected real interest rate thereby reducing y demanded.?! Tts equation (T4-2) is
just the aggregate demand equation (T3-4), and its slope is —o where o must be
greater than one under our assumptions.??> An increase in i shifts the AD schedule
down by the amount of the increase, say from AD to AD;, because unit increases in
1 and p reduce demand by equal amounts.

The PY constant (PY) schedule shows the pairs of p and y for which nominal
income is constant. Its equation is (T4-4). It has a slope of negative one.

The PY schedule has another interpretation in the levels model with wage sticki-
ness. Adding equations (T3-1), (T3-2), and (T3-3) yields the PY to L relation (T4-5).
According to this relation there is a one-to-one relationship between the change in
nominal income, p + y, and the change in employment, [.2> Therefore, the PY
schedule also gives the pairs of p and y for which employment is constant.

21 The assumptions underlying our AD schedule and the textbook aggregate demand schedule are
different. In deriving our schedule, it is assumed that the nominal interest rate is constant. However,
in deriving the textbook aggregate demand schedule, it is assumed that the nominal interest rate
moves in order to keep the money market in equilibrium given a fixed money supply. In algebraic
terms, the nominal interest rate is eliminated from the aggregate demand equation (T3-4) using the
money market equilibrium condition (T3-5).

22Tn general, ¢ may be greater than or less than one. However, above we impose a restriction on
the parameters in order to insure that § = ¢ and ¢ = 0, and this restriction can only be met if 0 > 1.

23In Henderson and McKibbin (1993a) it is shown that there is a one-to-one relationship between
the changes in nominal income and employment no matter whether the elasticity of substitution
between labor and another factor of production is equal to one or to some other constant.
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The reaction (R) schedule slopes downward. Increases in both p and y raise the
right hand side of the reaction function (T3-6), so in order to keep the right hand side
constant, increases in y must be matched by decreases in p. Increases in both of these
variables raise the right hand of (T3-6) directly by equal amounts and indirectly by
inducing increases in the money supply. The equation for R, (T4-3), is obtained by
substituting equation (T3-5) into equation (T3-6) and solving for ¢. In the general
case, the slope of R is 0 > —%\%’:’f f — 1, and an increase in ¢ shifts R up, say from
Ry to R,. For a given value Zé)f Y, an increase in ¢ raises the left hand side of the
reaction function (T3-6) directly and lowers the right hand side indirectly because it
reduces the money supply, so it must be matched by an increase in p which raises the
right hand side of (T3-6) both directly and indirectly through its effect on the money
supply.

It is useful to explain what happens to the slope of the R schedule and how much
R shifts with increases in 7 in some important special cases shown in Figure 1, Panel
C. With money stock targeting (MT'), we have \,, — oo and A, and )\, finite, so
the R schedule represented by the R,,g; schedule has a slope of —¢ and shifts up
and to the right with increases in i. When we consider MT we focus attention on
the case in which ¢ < 1 so that the R,,g; schedule is flatter than the AD schedule
under our assumptions but call attention to the case in which ¢ > 1 in which it is
possible for the R,,g; schedule to be steeper than the AD schedule when the results
are different. With “interest rate targeting (/7°)” we have \,, A,, and \,, — 0, so the
R schedule may have any negative slope depending on the relative sizes of A\, and A,
and shifts up and to the right by ever increasing amounts with increases in ¢ as A,
Ap, and A, approach zero. For simplicity, when we consider IT" we focus attention
on the case in which A\, = A\, = 0 and A,, — 0, so the R schedule is represented by
the R,,g; schedule. With MT', the R,,s; schedule shifts to the right by a well-defined
amount for a given increase in i as \,, — oo, but with I'T, the R,,g; schedule shifts
to the right by ever increasing amounts for a given increase in ¢ as A, — 0.

With price level targeting (PT), we have A\, — co and A\, and A, finite, so the R
schedule, represented by R,, is horizontal and does not shift with increases in ¢. With
output targeting in the levels case (YT'L), we have A\, — oo, and ), and )\, finite,
so the R schedule represented by R, is vertical and does not shift with increases in i.
With nominal income targeting (PYT"), we have A\, = A\, — oo and \,, finite, so the
R schedule represented by R,, has a slope of negative one and does not shift with
increases in 1.

We are now prepared to discuss the effects of money demand, goods demand, and
productivity shocks under IT, MT, PT, YTL, and PYT. We will discuss the effects
of these kinds of shocks under several other types of targeting in the subsection on
the combination reaction function. For each kind of shock we rank the different types
of targeting for three variables: the price level (and by implication inflation), income,
and employment. As stated in the introduction, we say that a given type of targeting
is “better” than some other type for a given kind of shock and a given variable if the
deviation of the variable from its target value is less with the given type of targeting.
Table 13 at the end of the paper is a summary of rankings of all types of targeting
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for all kinds of shocks.

3.1.3 Money Demand Shocks

For money demand shocks, I'T', PT, YT L and PY'T are equivalent, and MT' is worse
for all variables. The result that for money demand shocks IT is better than MT, a
basic result in stabilization economics, was derived by Bailey (1962) and extended by
Poole (1970).** Under IT, PT, YTL, and PYT, the goods market is insulated from
the money demand shock.

First we consider I'T and MT using Figure 2, Panel A1l. Under IT and MT an
increase in v shifts the R,,¢; schedule down, say to R,,&:1. An increase in v tends to
increase the money supply, so p must be lower for given values of y in order to keep
17 from changing. At the original values of p,y, and i corresponding to point a there
is upward pressure on 1.

Under IT (v,, — 0), very small increases in i must be matched by very large
increases in y for a given value of p. With virtually no change in 7, the R,,g; schedule
shifts back virtually all the way to its initial position. The AD schedule shifts down
hardly at all, so the new equilibrium is at virtually the same point as the old one,
point a. As a result, ¢, y, p, and, therefore, p + y and [ remain virtually unchanged.

Under MT (\,, — 00), increases in i must be matched by finite increases in y
for a given value of p. As 7 is increased, R,,g; shifts up and AD shifts down until
they intersect somewhere on the marked part of the ASy schedule between points a
and b and below the PY schedule. In the new equilibrium, ¢ is higher and y, p, and,
therefore, p + y and [ are lower. Since y is lower, i 4+ p, the expected real interest
rate, must be higher in order to keep the goods market in equilibrium. The new
equilibrium lies on a new AD schedule (not shown) located below ADjy. i + p would
be unchanged if the new equilibrium lay directly below point a. However, since the
new equilibrium lies at the intersection of the new AD schedule and ASj, the fall in
p must be less than the rise in i.

Now we consider PT, YTL, and PYT using Figure 2, Panel A2. Under PT
(Ap = ), YT'L (A, — 00), and PYT (A, = A\, — 00), an increase in v has virtually
no effect on the R,, R,, and R,, schedules, respectively. There is virtually no shift in
the AD schedule. As a result, i, y, and p and, therefore, p+ y and [ remain virtually
unchanged.

3.1.4 Goods Demand Shocks

For goods demand shocks, PT, YTL, and PYT are equivalent and are all better
than MT which, in turn, is better than IT for all variables. The result that for
goods demand shocks MT is better than I'T, another basic result in stabilization

24 Poole (1970) extended Bailey (1962) by deriving the familiar “combination policy.” Poole’s anal-
ysis is one of the first applications of filtering in macroeconomics. He assumes that the policymaker
observes the interest rate and the money supply but not output and uses the limited information
about the shocks that have hit the economy that is conveyed by the interest rate and the money
supply to form estimates of these shocks. The policymaker then acts to offset the effects of the
estimated shocks on output.
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economics, was also derived by Bailey (1962) and extended by Poole (1970). Under
MT, induced movements in the real interest rate offset some of the effects of the
shocks on the goods market.

An increase in the demand for goods, an increase in U, causes the AD schedule
to shift up from ADy to AD; in Figure 2, Panels B1 and B2. Since an increase in U
increases the demand for goods, for a given value of p, y must be higher in order to
keep the goods market in equilibrium.

First we consider I'T and MT using Figure 2, Panel B1. At point b where the AD;
and ASj schedules intersect, the p, y pair is above R,,g;, so there is upward pressure
on 1.

Under IT, with virtually no change in ¢, the R schedule shifts virtually all the
way to the intersection of the AD; and AS schedules at point b, and the AD schedule
shifts down from AD; hardly at all. Therefore, the new equilibrium is arbitrarily
close to the intersection of the AD; and AS schedules at point b which is above the
PY schedule. In the new equilibrium, p, y, and, therefore, p 4y, and [ are all higher.
Since 7 remains virtually constant, the increase in y and the associated increase in
p must be large enough to almost fully offset the effect of the shock on the goods
market. m must rise by enough to satisfy money demand at an unchanged ¢ and
higher p and y.

Under MT, as i is increased, the R,,g; schedule shifts up and the AD schedule
shifts down until they intersect somewhere on the marked part of the AS schedule
between points a and b and above the PY schedule. In the new equilibrium, i, vy,
p, and, therefore, p + y and [ are all higher. For the money market to remain in
equilibrium at an unchanged value of m, p and y must be higher given that ¢ is
higher. However, the increases in all the variables except i are smaller under MT'
than under I'T" because smaller increases in p and y are required to reequilibrate the
goods markets when ¢ is increased.

Now we consider PT', YT L, and PY T using Figure 2, Panel B2. Under PT, YTL,
and PYT, the new equilibrium is at the same point as the initial equilibrium, point
a. In order to keep p, y, or p 4+ y constant, ¢+ must be increased by enough to shift
the AD schedule virtually all the way back to its original position since increases in
i have virtually no effect on the R, R,, and R, schedules, respectively. In all three
cases, p, Y, p+ y, and [ remain unchanged. The increase in ¢ must be larger under
PT,YTL, and PYT than under the M'T" because p, y, and p+ y rise under the MT'.

3.1.5 Productivity Shocks

With productivity shocks, for employment, PY'T" is better than all other types of
targeting except in one special case in which it is the same as MT, and IT > YTL.
For the price level, PT is better than all other kinds of targeting, and PT >~ PYT >
IT = YTL. For output, YTL is better than all other kinds of targeting, and Y'T'L
= IT = PYT > PT. All other rankings depend on parameter values. Throughout
most of this subsection we retain our assumption that the slope of the R,,¢; schedule
is less than one in absolute value, but we relax this assumption at the end of the
subsection.
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An increase in productivity, an increase in x, causes the AS schedule to shift down
from ASy to AS; in Figure 2, Panels C1 and C2. In order to keep y constant, p must
be lower so that [ will fall by enough to offset the effect of the increase in z. The pair
of y and p that clears the goods market is given by the intersection of the AS; and
the AD schedules at point b.

First we consider IT and MT using Figure 2, Panel C1. Since the AD schedule
is steeper than the R,,g; schedule, point b lies below R,.g;, so there is downward
pressure on ¢. Under [T, with virtually no change in ¢, the R,,s; schedule shifts
virtually all the way to the intersection of the AS; and AD schedules at point b, and
the AD schedule shifts up hardly at all, so the new equilibrium is arbitrarily close to
the intersection of the AS; and AD schedules at point b. y rises, and p falls. The
new equilibrium lies below the PY schedule, so p 4+ y and, therefore, [ must fall.

The conclusion that increases in productivity decrease employment may seem
counterintuitive, but it can be explained. The pair of y and p consistent with un-
changed factor use following the productivity shock is given by the intersection of the
AS; and PY schedules at point d. This pair implies an excess supply of goods at an
unchanged value of ¢. That is, in equilibrium y must rise by less and p must fall by
more than the amounts consistent with unchanged factor use, so [ must fall.

Under MT, the AD schedule shifts up and the R schedule shifts down until they
meet somewhere on the marked part of the AS; schedule between points b and c.
Since i is decreased, y rises by more, p falls by less than under the IT. The new
equilibrium may lie below or above the PY schedule, so employment may fall or rise,
and if it rises the increase may be greater or less than the absolute value of the fall
under IT.

Now we consider PT', YT L, and PYT using Figure 2, Panel C2. Under PT, YTL,
and PYT, the equilibria are at the intersections of the R,, R,, and R,, schedules
with the AS; schedule at points e, f, and d, respectively. The R, schedule coincides
with the PY schedule, so the new equilibrium must be on the PY schedule just as
the initial equilibrium is. 7 is adjusted so that the AD schedule passes through the
intersection of the AS; and PY schedules at point d. Since the new equilibrium is on
the PY schedule, employment is unchanged, so PY T is at least as good as every other
kind of targeting for employment. Since employment is unchanged, y falls and p rises
by amounts that are equal in absolute value to the increase in z. It is important to
observe that the equilibrium increase in y is the same as the increase in y that would
take place if wages were flexible and all markets cleared.?” Since the AD schedule is
steeper than the R,, schedule, y rises by more, and p falls by less under PYT" than
under /7. The R,, schedule has a slope of negative one, so if it were drawn in on
Figure 2, Panel C it would be steeper than the R,,s; schedule and would cut the
marked part of the AS; schedule. Therefore, the ranking of PYT and M'T for the

25Under our assumption that y — 0o, the outcomes for all variables if wages are sticky are the
same as they would be if wages were flexible when the simple sum p + y is targeted, that is, with

PYT. Under the alternative assumption that x remains finite, the outcomes for all variables if wages
are sticky are the same as they would be if wages were flexible when the weighted sum p + (ﬁ) Y
is targeted as shown by Koenig (1996).
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price level and output is ambiguous. PYT is better than MT for employment except
in the special case in which they are exactly the same.

PT is better for the price level and worse for output than any other kind of
targeting. Under PT', employment increases because the equilibrium is above the
PY schedule, so PT is worse for employment than PYT. YTL is worse for the
price level and better for output than any other kind of targeting. Under YT'L,
employment falls because the equilibrium is below the PY schedule, so YT'L is worse
for employment than PYT. Furthermore, the PY schedule (not shown) that passes
through the YT'L equilibrium is further from PY{ than the PY schedule (not shown)
that passes through the I'T" equilibrium, so Y'T'L is worse for employment than I7T.
The size of the shift of the AS curve along the PY schedule depends only on the
size of the productivity shock and not on the slope of the AS schedule. Changing
the slope of the AS schedule causes it to rotate around a point on the PY schedule.
If @« = 1/2 so that the slope of the aggregate supply curve is unity, the absolute
values of the changes of employment are the same under PT and YT'L. If « > 1/2 so
that the slope of the AS schedule is greater than unity, PT is better than YT'L for
employment and vice versa. The ranking of MT relative to PT and YT L depends
on parameter values.

So far we have been assuming that the slope of the R,,.g; schedule is less than one
in absolute value. The following additional results can be proved for cases in which
the slope of the R,,¢; is greater than one in absolute value. For employment, PYT is
better than all other kinds of targeting and the ranking of all other kinds of targeting
depends on parameters. For the price level, PT is preferred to all other kinds of
targeting and PT > PYT > IT, MT > YTL, but the ranking of IT and MT
depends on parameters. For output, YT'L = IT, MT > PYT >~ PT and whether
IT or MT is preferred depends on parameters.

3.2 The Combination Reaction Function
3.2.1 The Full Combination Model

The combination model with wage stickiness is also obtained by assuming that there
are one-period wage contracts. In particular, today’s nominal wage is determined
by taking expectations of the notional combination model in Table 2 with y — oo
based on yesterday’s information. With one-period wage contracts, i.i.d. shocks, and
fulfillment of the conditions for a unique equilibrium in the combination model, it is
shown in Appendix A that

Y- = l|—1 = Z|-1 = U|—1 = i|—1 = U1 = Tq1|—1 = Y+1]-1 = U+1\—1 =0,

Wj—1 = P|-1 = T|-1 + P-1, (44)
Yu . Yu
T_1 = Py1—ei+vq) = m-q—p-1),
e )= )
and also that y
ll’ .
Ty = Py —ei+v). (45
=5 ) )
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It follows that

W=wW-1 =pP-1="T-1+pP1. (46)

The full combination model with wage stickiness is shown in Table 5. It is obtained
by beginning with the notional combination model in Table 2, dropping the equation

for notional labor supply, and making use of the information in equations (44), (45),
and (46)

Table 5: Full Combination Model with Wage Stickiness

y=1-a)l+z production function T5-1
p—w=al—x labor demand T5-2
w—p_1 =T wage setting T5-3
oy = — [z — 7—1“7— (py —ei+v)| + U aggregate demand T5-4
T
m=p+o¢y—ci+v money market equilibrium T5-5
L=t VY YT reaction function T5-6
T=p—p- inflation definition T5-7
pL=m-—m_q money growth definition T5-8

3.2.2 The Schedules and a Relation for the Combination Model

The equations for the schedules and a relation used to analyze the combination model
with wage stickiness are shown in Table 6. We explain the schedules using Figure 1,
Panel B.

The aggregate supply (AS) schedule slopes upward because an increase in 7 causes
the real wage to fall, so employment and, therefore, output increase. Its equation (T6-
1) is derived by adding equations (T5-1) and (T5-2), making use of equation (T5-7),
and using the resulting equation to eliminate [ from the production function (T5-1).
Its slope is /(1 — ). It is the same as the AS schedule for the levels model with
wage stickiness in all essential respects because yesterday’s price is given so all the
movements in 7 are generated by movements in p.

Table 6: Schedules and Relation for Combination Model with Wage Stickiness

ay=(1—a)(r—m 1)+ AS schedule T6-1
<0 _ ,Y—V%) y = — (1 + 7—1*7) i+ U+ 20 AD schedule T6-2
i= ety e ey - e R schedule T6-3
T+y=0 ITY constant schedule T6-4
T+y=I1+m_ ITY to L relation T6-5

The aggregate demand (AD) schedule is vertical because aggregate demand does
not depend on the rate of inflation between yesterday and today either directly or
indirectly through the expected rate of inflation between today and tomorrow. Its
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equation, (T6-2), is just a rearranged version of the aggregate demand equation (T5-
4). Today’s values of y, i, and U affect aggregate demand directly, and, as long as
Y, > 0, today’s values of y, i, and v affect aggregate demand indirectly through
the expected rate of inflation. An increase in the nominal interest rate raises the
real interest rate directly and also indirectly because it lowers the expected rate of
inflation. An increase in output lowers the marginal utility of consumption today, but
it also lowers the real interest rate by increasing the expected rate of inflation. That
is, the coefficient on output in the equation for the AD schedule, o — T may in

YtV
principle be either positive or negative sincev—i“v— < 1 and under our assumptions
T T
o>1and (bi 1. For simplicity, we focus on the case in which o — 7—7{% > (. In this
T T

case, an increase in 7 shifts AD to the left, say from ADy to AD;, because an increase
in the interest rate reduces the amount of output demanded.

The inflation plus output (IIY') constant schedule shows the pairs of 7w and y
for which inflation plus output is constant. Its equation is (T6-4). It has a slope of
negative one.

The ITY schedule has another interpretation in the combination model with wage
stickiness. Adding equations (T5-1), (T5-2), and (T5-3) yields the inflation plus
output to employment (I1Y to L) relation (T6-5). According to this relation there is
a one-to-one relationship between the change in inflation plus output, 7 + ¥, and
the change in employment, [. Therefore, the ITY schedule also gives the pairs of m
and y for which employment is constant.

The reaction (R) schedule slopes downward because increases in both 7 and y
raise the right hand side of (T5-6) both directly and indirectly by inducing increases
in money growth, so in order to keep the right hand side constant, increases in y must
be matched by decreases in w. The equation for R, (T6-3), is obtained by differencing
(T5-5), making use of equation (T5-7) and the expression for 7|_; in equation (44),
substituting that result into equation (T5-8), substituting that result into (T5-6),

and solving for ¢. The slope of R is 0 > —%ﬂgﬁ § — 1. An increase in ¢ shifts R
up, say from Ry to R;. For a given value of 7g>, an increase in 7 raises the left hand
side of the reaction function (T5-6) directly and lowers the right hand side indirectly
because it reduces money growth, so it must be matched by an increase in 7 which
raises the right hand side of (T5-6) both directly and indirectly through its effect on
money growth.

It is helpful to explain what happens to the slope of R and how much R shifts with
increases in ¢ in some important special cases using Figure 1, Panel D. With money
growth targeting (MT), v, — 00, so the R schedule has a slope of —¢ and shifts up
and to the right with increases in ¢. With the combination reaction function, there
is no sensible limiting case that can be thought of as “interest rate targeting.” For
uniqueness it is necessary to have v, + v, > 1, so 7, and v, cannot both approach
zero. With inflation targeting (IIT"), v, — o0, so R is horizontal and does not shift
with increases in ¢; with output targeting in the combination case (YT'C), Yy — 00,
so R is vertical and does not shift with increases in i; with inflation plus output
targeting (IIY'T'), v, = 7, — 00, so R has a slope of negative one and does not shift

19



with increases in 3.

3.2.3 Money Demand Shocks

With money demand shocks, the results for IIT', YT'C, IIY'T, and MT in the combi-
nation model are the same as the results for PT, YT L, PY'T, and MT in the levels
model, respectively. IIT, YTC, and IIYT are equivalent and are all better than
MT for all variables. Under IIT, YT'C, and IIYT, the goods market is completely
insulated from the money demand shock.

Under MT (Figure 3, Panel Al), an increase in v shifts the R, schedule down say
to R, 1. As i is increased to prevent an increase in money growth, R, shifts up and
AD shifts left until they intersect somewhere on the marked part of the AS schedule
between points a and b and below the IIY schedule. In the new equilibrium, ¢ is
higher and y, 7, and, therefore, 7 + y and [ are lower.

Under IIT, YTC, and ITY'T (Figure 3, Panel A2), an increase in v has virtually
no effect on the R;, R,, and R, schedules, respectively. There is virtually no shift
in the AD schedule. As a result, i, y, 7, and, therefore, 7 + y and [ remain virtually
unchanged.

3.2.4 Goods Demand Shocks

For goods demand shocks as for money demand shocks, the results for 117, YTC,
ITYT, and MT in the combination model are the same as the results for PT, YTL,
PYT, and MT in the levels model, respectively. IIT, YT'C', and IIYT" are equivalent
and are all better than MT for all variables.

An increase in the demand for goods, an increase in U, causes the AD schedule
to shift to the right from ADy to AD; in Figure 3, Panels B1 and B2. Under MT
(Figure 3, Panel B1), i is increased in order to prevent an increase in the money
growth rate. As ¢ is increased, the R, schedule shifts up and AD schedule shifts left
until they intersect somewhere on the marked part of the AS schedule between points
a and b and above the ITY schedule. In the new equilibrium, i, y, 7, and, therefore,
7+ y and [ are all higher.

Under IIT, YTC, and ITY'T (Figure 3, Panel B2), the new equilibrium is at the
same point as the initial equilibrium, point a. In order to keep 7, y, or m+ y constant,
7 must be increased by enough to shift the AD schedule virtually all the way back to
its original position since increases in 4 have virtually no effect on the R,, R,, and
Ry, schedules, respectively. In all three cases, 7, y, ™ 4+ y, and [ remain unchanged.

3.2.5 Productivity Shocks

With productivity shocks, the results for II7" and MT in the combination model
are the same as the results for PT and MT', respectively, in the levels model for all
variables, and the results for Y7T'C' and IIYT in the combination model are the same
as the results for YT'L and PYT in the levels model, respectively, for all variables
except the nominal interest rate and expected inflation. For employment, IIYT is
better than all other types of targeting except in one special case in which it is the
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same as MT. For inflation, IIT is better than all other kinds of targeting, and IIT
= IIYT = YTC. For output, YT'C is better than all other kinds of targeting, and
YTC = IIYT > IIT. All other rankings depend on parameter values. Throughout
this subsection we restrict attention to the case in which the slope of the R,, schedule
is less than one in absolute value.?0

An increase in productivity, an increase in x, causes the AS schedule to shift down
from ASy to AS; in Figure 3, Panels C1 and C2. Under MT (Figure 3, Panel C1),
point b lies below R, since the AD schedule is vertical, so there is downward pressure
on i. The AD schedule shifts right and the R, schedule shifts down until they meet
somewhere on the marked part of the AS; schedule between points b and ¢. The new
equilibrium may lie below or above the IIY schedule, so employment may fall or rise.

Under IIT, YTC, and ITY'T (Figure 3, Panel C2), the equilibria are at the inter-
sections of the R., R,, and R, schedules with the AS; schedule at points e, f, and d,
respectively. The R, schedule coincides with the IIY" schedule, so the new equilib-
rium must lie on the ITY schedule just as the initial equilibrium does. 7 is adjusted so
that the AD schedule passes through the intersection of the AS; and ITY schedules at
point d. Since the new equilibrium is on the I1Y schedule, employment is unchanged,
so ITY'T is at least as good as every other kind of targeting for employment. Since
employment is unchanged, y falls and 7 rises by amounts that are equal in absolute
value to the increase in . The R,, schedule has a slope of negative one, so if it were
drawn in on Figure 3, Panel C1, it would cut the marked part of the AS; schedule.
Therefore, the ranking of IIYT and MT for the price level and output is ambiguous.
ITY'T is better than MT for employment except in the special case in which they are
exactly the same.

IIT is better for the price level and worse for output than any other kind of
targeting. Under II7", employment increases because the equilibrium is above the 1Y
schedule, so IIT is worse for employment than ITYT. YT'C' is worse for the price level
and better for output than any other kind of targeting. Under YT'C', employment
falls because the equilibrium is below the I1Y, so YT'C' is worse for employment than
I[TY'T. For employments, the ranking of MT', IIT, and YT C depends on parameter
values.

3.2.6 The Price Level in the Levels Model and the Combination Model

There is an important difference between the levels model and the combination model.
In the levels model today’s shocks do not affect the expected future price level, but
in the combination model they do.

As an illustration of this difference, we compare the effects on the expected future
price level of a positive productivity shock with PY T in the levels model to those with
IIY'T in the combination model. The price level falls by the same amount with PYT
and IIYT. With PYT, agents expect that tomorrow the monetary authority will
restore the price level to its target level, so the expected rate of inflation is positive,

26 Changes in assumption about the slope of R,, in the combination model have the same impli-
cations for the effects on variables as the analogous changes in assumption about the slope of R;,g;
in the levels model for all variables except the nominal interest rate and expected inflation.
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but with IIYT, they expect that tomorrow the monetary authority will leave the
price level at the actual value realized today so that the rate of inflation will be at
its target value of zero. Since expected rates of inflation are different under the two
types of targeting so are nominal interest rates. Therefore, ¢ falls by less with PYT
than with ITYT because it does not have to fall by the full amount necessary to
lower the expected real interest rate by the required amount. If there were no further
disturbances after today, the price level would be at its unchanged target value from
tomorrow on with PYT but would be permanently lower with IIYT".

In general, in the levels model the expected value of the price level at any time
in the future based on today’s information is independent of today’s shocks and the
values of variables in all previous periods. That is, it follows from equation (42) that

pt—i—k‘t = 0, k = 1, ..., 00. (47)

However, in the combination model the expected value of the price level at any time
in the future based on today’s information depends on today’s shocks and lagged
values of the price level and the money supply. That is, it follows from equations (44)
and (45) and the solutions for y; 7, and i; in Appendix B that

Pevklt = Pi—1+ S T = Peor + T+ fﬂ“—u (dyr — €iy + vy)

= {1 =80 [ (T +7,8) + 7.8 (@ +e0)] bpe s
1,800 (o (T +7,8) + 7.8 (¢ + o) my s (48)
AW (a+ & (o +7,)) 10+ Anto (Ja+ €, (6 —ev,) ) U
Ao (v, (0 —2v,) = T (0 +1)) @, k=1,...,00,
where
Awe=ad (J+7,6)+1—0) [(J=D)y,0+ T (1+7,6) 0+ (J+7,2) 0]

J=v,+7>1L
(49)

4 The Model with Wage and Price Stickiness

4.1 The Levels Reaction Function
4.1.1 The Full Levels Model

The levels model with wage and price stickiness is obtained by assuming that there
are both one-period wage contracts and one-period price contracts. One-period wage
contracts are described in the previous section, so we describe only one-period price
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contracts here. Each firm and all households agree on today’s price for that firm’s
output based on information available as of yesterday, and each firm agrees to supply
whatever amount of its output households want at its contract price. The price for
each firm is set so that the marginal value product for that firm is equal to the real
wage for a bundle of labor made up of an equal amount of labor from each household.
The equations for both notional labor demand and notional labor supply are used
along with all the other equations of the notional levels model in setting the contract
wage and contract price, but both equations are omitted from the full levels model
with wage and price stickiness.?"

In particular, today’s nominal wage and price are determined by taking expec-
tations of the notional levels model in Table 2 with y — oo based on yesterday’s
information and setting the nominal wage equal to the expected nominal wage and
the price equal to the expected price. It follows from the discussion of the levels
model with only wage stickiness that

w=w_; =0, (50)

p=p-1=0. (51)

The full levels model with wage and price stickiness is shown in Table 7. It is obtained
by beginning with the notional levels model in Table 2, dropping the equations for
notional labor supply and notional labor demand, and making use of the information

in (42), (50), and (51).

Table 7: Full Levels Model with Wage and Price Stickiness

y=1-a)l+x production function T7-1
p=20 price setting T7-2
w=0 wage setting T7-3
oy=—(i+p) +U aggregate demand T7-4
m=p+ ¢y —ei +v  money market equilibrium T7-5
i = Amm + Ay + App reaction function T7-6

4.1.2 The Schedules and a Relation for the Levels Model

The equations for the schedules and a relation used to analyze the levels model with
wage and price stickiness are shown in Table 8, and the schedules are plotted in p,y
space in Figure 1, Panel E.

The aggregate supply schedule and the nominal income-employment relation in
the levels model with wage and price stickiness are different from those in the levels

27Tf labor were not the only costlessly adjustable factor of production, the assumption of price
stickiness would not imply leaving the real wage and the aggregate marginal product of labor entirely
out of account. For example, if the model included costlessly adjustable capital as well as costlessly
adjustable labor, and if the production function were constant returns to scale, the capital-labor
ratio would be determined by the condition that the wage-rental ratio equal the ratio of the marginal
product of labor to the marginal product of capital, and firms would use the production function to
determine the amounts of both factors necessary to satisfy demand at the fixed price.
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model with wage stickiness considered in the previous section, but the other three
relationships in Table 8 are identical to the corresponding relationships in Table 4.
AS in the levels model with wage and price stickiness is horizontal because firms
agree to produce any amount demanded at the price fixed in the one-period contract.
Its equation, (T8-1), is identical to the price setting equation (T7-2). The nominal
income-employment relation, (T8-5), in the levels model with wage and price stick-
iness is obtained by adding equations (T7-1) and (T7-2). If there is a productivity
shock, there is not a one-to-one relationship between the change in nominal income
and the change in employment.

Table 8: Schedules and Relation for Levels Model with Wage and Price Stickiness

p=20 AS schedule T8-1
oy=—(i+p) +U AD schedule T8-2
s Ay tAmo AptAm Am

1= ( T )y+ (HAmE)p—{— (H_)\mE)U R schedule T8-3
p+y=0 PY constant schedule T&8-4
pty=1—-a)l+z PY to L relation T8-5

4.1.3 Money Demand Shocks

With both wage and price stickiness, just as with only wage stickiness, for money
demand shocks, IT, PT, YTL, and PYT are equivalent, and M7T is worse for all
variables because under IT', PT, YT'L, and PYT money demand shocks do not cause
the interest rate to change, but under MT they do.

Under IT and MT (Figure 4, Panel A1) an increase in v shifts the R,,¢; schedule
down say to R, 1, and there is upward pressure on ¢. Under IT, the R,,s; schedule
shifts back virtually all the way to its initial position, and the AD schedule shifts
down hardly at all, so the new equilibrium is at virtually the same point as the
old one, point a, so i, y, p, and, therefore, p + y and [ remain virtually unchanged.
Under MT, R,,g; shifts up and AD shifts down until they intersect somewhere on the
marked part of the AS schedule between points a and b and below the PY schedule.
In the new equilibrium, ¢ is higher and ¥, p, and, therefore, p + y and [ are lower.

Under PT, YTL, and PYT (Figure 4, Panel A2), an increase in v has virtually
no effect on the R,, R,, and R,, schedules, respectively. There is virtually no shift in
the AD schedule. As a result, i, y, and p and, therefore, p+ y and [ remain virtually
unchanged.

4.1.4 Goods Demand Shocks

With both wage and price stickiness, just as with only wage stickiness, for goods
demand shocks, PT', YTL, and PYT are better than MT which is better than IT
for all variables. An increase in the demand for goods, an increase in U, causes the
AD schedule to shift up from ADg to AD; in Figure 4, Panels B1 and B2.

First we consider IT and MT using Figure 4, Panel B1. Under I7T, ¢ remains
virtually unchanged, so the new equilibrium is arbitrarily close to the intersection of
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the AD; and AS schedules at point b which is above the PY schedule. In the new
equilibrium, p, y, and, therefore, p+y, and [ are all higher. Under MT, i is increased
in order to prevent an increase in m. The new equilibrium lies on the marked part of
the AS schedule between points a and b and above the PY schedule. p is unchanged,
but ¢, y, and, therefore, p + y, and [ are all higher. However, the increases in all the
variables but ¢ are smaller under MT' than under I'T" because smaller increases in y
are required to reequilibrate the goods markets when ¢ is increased.

Now we consider PT, YTL, and PYT using Figure 4, Panel B2. Under PT,
YTL, and PYT, the new equilibrium is at the same point as the initial equilibrium,
point a on the PY schedule. In order to keep p + y constant, ¢+ must be increased by
enough to shift the AD schedule all the way back to its original position. Since p is
fixed, stabilizing p + y and, therefore, [ is equivalent to stabilizing y. The increase in
¢ must be larger under PT', YTL, and PY'T than under MT" because y rises under
MT .

4.1.5 Productivity Shocks

For productivity shocks, the effects on all the variables under all types of targeting
are the same. It is clear from Table 8, that an increase in productivity, an increase
in z, has no effect on any of the schedules. In particular, since firms agree to sup-
ply whatever output is demanded at the fixed contract price, AS is not affected.
Therefore, under all forms of levels targeting, productivity shocks have no effect on
any variable except employment. Employment must be reduced because output de-
manded is unchanged. It follows that if the monetary authorities want to reduce or
eliminate deviations in employment from its steady state value, they must choose
a reaction function that includes employment deviations unlike the levels reaction
function considered in this paper.

4.2 The Combination Reaction Function
4.2.1 The Full Combination Model

The combination model with wage and price stickiness is also obtained by assuming
that there are both one-period wage and price contracts. The equations for both
notional labor demand and notional labor supply are used along with all the other
equations of the notional combination model in setting the contract wage equal to the
expected wage and the contract price minus yesterday’s price equal to the expected
rate of inflation between yesterday and today based on yesterday’s information, but
both equations are omitted from the full combination model with wage and price
stickiness. In particular, today’s nominal wage is determined by taking expectations
of the notional combination model in Table 2 with y — oo based on yesterday’s
information. It follows from the discussion of the combination model with only wage
stickiness that

W= W-1 = P|-1 = T|-1 +P-1, (52)

P—P1=DP-1—P-1=T-1. (53)
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The full combination model with wage and price stickiness is shown in Table 9. It
is obtained by beginning with the notional combination model in Table 2, dropping

the equations for notional labor supply and notional labor demand, and making use
of the information in (44), (45), (52), and (53).

Table 9: Full Combination Model with Wage and Price Stickiness

=(1l—a)l+z production function T9-1
pP—p_1=T_1 price setting T9-2
w=m_1 +p_1 wage setting T9-3
oy = — [z -5 +7 —L— (¢py —ei +v)| + U aggregate demand T9-4
m=p+o¢y—ci+v money market equilibrium T9-5
=Yl Y+ VRT reaction function T9-6
T=p—p-1 inflation definition T9-7
pL=m-—m_ money growth definition T9-8

4.2.2 The Schedules and a Relation for the Combination Model

The equations for the schedules and a relation used to analyze the combination model
with wage and price stickiness are shown in Table 10, and the schedules are plotted
in 7,y space in Figure 1, Panel F.

Table 10: Schedules and Relation for Combination Model with Wage and Price Stickiness

= AS schedule T10-1
( 7Hn) = <1 + 7—%) 1+ U+ V—Jr“v—v AD schedule T10-2
S Yyt YotV Y Va TV

=355y + Trye " + Tyl ™ Toye -1 R schedule T10-3
T4+y=0 ITY constant schedule T10-4
T+y=1-a)l+z+m_ ITIY to L relation T10-5

There are differences between the aggregate supply schedule and the inflation plus
output-employment relation in the combination model with wage and price stickiness
and those in the combination model with wage stickiness considered in the previous
section and these differences are essentially the same as the differences between the
corresponding relationships in the levels models with the corresponding assumptions
about nominal stickiness. The other three relationships in Table 10 are identical to
the corresponding relationships in Table 6 and Figure 1, Panel B. AS is horizontal
because firms agree to produce any amount demanded at the inflation rate implied
by the price fixed in the one-period contract. Its equation, (T10-1), is the identical
to the price setting equation (T9-2). The inflation plus output-employment relation,
(T10-5), in the combination model with wage and price stickiness is obtained by
adding equations (T9-1) and (T9-2). If there is a productivity shock there is not a
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one-to-one relationship between the change in inflation plus output and the change
in employment.

4.2.3 Money Demand Shocks

With both wage and price stickiness, just as with only wage stickiness, for money
demand shocks, IIT", YT'C' and I1Y'T are equivalent, and MT is worse for all variables.
Under MT (Figure 5, Panel Al) an increase in v shifts the R, schedule down say
to R, 1, and there is upward pressure on ¢. R, shifts up and AD shifts down until
they intersect somewhere on the marked part of the AS;y schedule between points a
and b and below the ITY schedule. In the new equilibrium, ¢ is higher and y, 7, and,
therefore, m+y and [ are lower. Under II7, YT'C and IIYT (Figure 5, Panel A2), an
increase in v has virtually no effect on the R,, R,, and R,, schedules, respectively.
There is virtually no shift in the AD schedule. As a result, ¢, y, and 7 and, therefore,
7+ y and [ remain virtually unchanged.

4.2.4 Goods Demand Shocks

With both wage and price stickiness, just as with only wage stickiness, for goods de-
mand shocks, IIT, YT'C, and ITYT are equivalent, and MT' is worse for all variables.
An increase in the demand for goods, an increase in U, causes the AD schedule to
shift right from ADy to AD; in Figure 5, Panels B1 and B2. Under MT (Figure 5,
Panel B1), i is increased in order to prevent an increase in p. The new equilibrium
lies on the marked part of the AS schedule between points a and b and above the 1Y
schedule. 7 is unchanged, but ¢, y and, therefore, 7 + y and [ are all higher. Under
PT,YTC, and PYT (Figure 5, Panel B2), the new equilibrium is at the same point
as the initial equilibrium, point a. ¢ must be increased by enough to shift the AD
schedule all the way back to its original position. Since 7 is fixed, stabilizing 7 + y
and, therefore, [ is equivalent to stabilizing y.

4.2.5 Productivity Shocks

For productivity shocks, the effects on all the variables under all types of targeting
are the same in the combination model just as in the levels model. It is clear from
Table 10 that an increase in productivity, an increase in z, has no effect on any of the
schedules. Therefore, under all forms of combination targeting, productivity shocks
have no effect on any variable except employment. Employment must be reduced
because output demanded is unchanged. It follows that if the monetary authorities
want to reduce or eliminate deviations in employment from its steady state value, they
must choose a reaction function that includes employment deviations unlike both the
levels and combination reaction functions considered in this paper.
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5 The Model with Price Stickiness

5.1 The Levels Reaction Function

The levels model with price stickiness is obtained by assuming that there are one-
period price contracts but that wages are perfectly flexible. The equation for notional
labor demand is used along with all the other equations of the notional levels model
in setting the price, but it is omitted from the full levels model with price stickiness
which is used for determining the other variables.

In particular, today’s price is determined by taking expectations of the notional
levels model in Table 2 with x — oo based on yesterday’s information and setting the
price equal to the expected price. It follows from the discussion of the levels model
with only wage stickiness that

p=p-1=0. (54)

The full set of equilibrium equations for the levels model with price stickiness are
shown in Table 11. They are obtained by beginning with the notional levels model
in Table 2, dropping the equation for notional labor demand, and making use of the
information in (42) and (54).

Table 11: Full Levels Model with Price Stickiness

y=1—-a)l+x production function T11-1
p=0 price setting T11-2
w—p=xl+oy—U labor supply T11-3
oy=—(i+p) +U aggregate demand T11-4
m=p+ ¢y —ei +v money market equilibrium T11-5
i = Amm + A\yy + A\pp reaction function T11-6

It follows from the information in Tables 7 and 11 that the aggregate supply,
aggregate demand, reaction, and nominal-income-constant schedules and the nominal
income-employment relationship for the levels model with only price stickiness are
the same as those for the levels model with both wage and price stickiness. The
only difference between Tables 7 and 11 is that equation T7-3 is not the same as
equation T11-3. However, neither of these equations enters into the construction of
the schedules and the nominal income-employment relation for its respective model.
Therefore, the results for all variables except nominal wages for all kinds of shocks
under all forms of targeting must be the same in the two models. The nominal wage
is determined recursively by the labor supply function in the levels model with only
price stickiness. It is predetermined in the levels model with both wage and price
stickiness.

Under our presumption that labor supply is quite inelastic, any significant em-
ployment variation would have to be associated with significant nominal (and real)
wage variation in the model with only price stickiness.?®

28]t seems unlikely to us that the workings of the economy are best described by sticky price-
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5.2 The Combination Reaction Function

A line of argument analogous to the line of argument in the previous subsection
leads to the conclusion that for all the variables except nominal wages the results
for the combination model with price stickiness are the same as the results for the
combination model with both wage and price stickiness. The combination model with
price stickiness is obtained by assuming that there are one-period price contracts but
that wages are perfectly flexible. The equation for notional labor demand is used along
with all the other equations of the notional combination model in setting the rate of
inflation implied by the contract price, but it is omitted from the full combination
model with price stickiness.

In particular, today’s contract price is determined by taking expectations of the
notional combination model in Table 2 with y — oo based on yesterday’s information
and setting today’s contract price minus yesterday’s price equal to expected inflation
between yesterday and today based on yesterday’s information. It follows from the
discussion of the combination model with only wage stickiness that

P—P1=DP-1—P-1=T-1. (55)

The full set of equilibrium equations for the combination model with price stickiness
are shown in Table 12. They are obtained by beginning with the notional combination
model in Table 2, dropping the equation for notional labor demand, and making use
of the information in (44), (45), and (55).

These equations are identical to those in Table 10 except that equation T12-3
is different from equation T10-3. The nominal wage is determined recursively by
the labor supply function in the combination model with only price stickiness but is
predetermined in the combination model with both wage and price stickiness.

Table 12: Full Combination Model with Price Stickiness

y=1—-a)l+zx production function T12-1
p—p_1=T_1 price setting T12-2
w—p=xl+oy—U labor supply T12-3
oy=—1|i— 7—1“7— (py —ei+v)| +U aggregate demand T12-4
m=p+o¢y—ci+v money market equilibrium T12-5
L=t VY YT reaction function T12-6
T=p—p- inflation definition T12-7
p=m-—m_q money growth definition T12-8

flexible wage models. However, given the recent popularity of these models, it is important to
conduct further investigation of their empirical relevance. They cannot be dismissed simply by
observing that nominal wage schedules are set in advance in some industries because firms in those
industries can often vary the average hourly nominal wage paid by changing the relative amounts of
straight-time and over-time labor they employ.
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6 Conclusion

In this exercise in stabilization economics, we analyze the choice of a monetary policy
reaction function using the standard approach of Bailey (1962) and Poole (1970).
The many individual results that are summarized in Table 13 provide a basis for
some generalizations.

We consider two “general” specifications for the monetary policy reaction function:
a “levels” specification and a “combination” specification. In both specifications, the
interest rate is the instrument of monetary policy. In the levels specification, the
interest rate responds to deviations of the money supply, the price level, and the
level of output from chosen values. In the combination specification, the interest
rate responds to deviations of the growth in the money supply, the rate of inflation,
and the level of output from chosen values. These two specifications have almost all
popular monetary policy reaction functions as special cases. The special cases that we
consider here are keeping the interest rate instrument constant, referred to for brevity
as “interest rate targeting,” and using the interest rate instrument in targeting exactly
one of the following: money, the price level, output, nominal income (output), money
growth, inflation, and the sum of inflation and output.

Our framework is an optimizing model. We call our model “simple” because we
assume one-period nominal stickiness, i.i.d. shocks, and no capital accumulation.
It is “up to date” in the sense that it is a general equilibrium model with rational
expectations that incorporates the increasingly popular paradigm with monopolistic
competition among firms and monopsonistic competition among workers crafted by
Blanchard and Kiyotaki (1987) using insights from Dixit and Stiglitz (1977). Nonethe-
less, it is properly viewed as an extension of earlier “disequilibrium models.” There
are three varieties of one-period nominal stickiness: wage stickiness, wage and price
stickiness, and price stickiness, and three kinds of shocks: money demand shocks,
goods demand shocks, and productivity shocks.

According to the standard approach, a given type of targeting is “better” than
some other type for a given variable and kind of shock if it results in smaller deviations
of the variable from its “target value.” It is easy to imagine an alternative approach.
In principle, the effects of shocks under alternative types of targeting can be compared
using the utility function of the representative agent. However, the results of the
standard approach are still of interest because they can be compared to those of
earlier studies. There is a long tradition of using the expected values of variables
in flexible price equilibria as “target values,” that is, as the points of reference for
normative stabilization economics. However, as several investigators have pointed out,
under the new paradigm these values are not Pareto optimal, so not all deviations
from them are welfare reducing. Since there is as yet no consensus on how to do
“second best” stabilization economics, we follow the long tradition in selecting target
values.

Some results are not surprising. Rankings may depend on the type of shock. For
example, we confirm in our optimizing model the familiar results of Bailey (1962)
and Poole (1970). No matter what the target variable, for money demand shocks,
interest rate targeting is preferred to money supply targeting, but for goods demand
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shocks, money supply targeting is preferred to interest rate targeting. Rankings may
also depend on the target variable. For example, we also confirm the striking results
of Bean (1983) who considered the case in which wages are sticky but prices are
flexible and notional labor supply is completely inelastic. If the target variable is
employment, then for all shocks nominal income targeting or inflation plus income
targeting is better than all other forms of targeting except in the special case in which
it is exactly the same as money supply targeting. However, if the target variable is
the price level, inflation, or output, then for productivity shocks, price level targeting,
inflation targeting, or output targeting, respectively, is better than nominal income
targeting or inflation plus output targeting.

Other results may be somewhat surprising. Given that wages are sticky, rankings
depend on whether prices are sticky. If both wages and prices are sticky, output is
demand-determined. In this situation, nominal income targeting and inflation plus
output targeting are no better than several of the other forms of targeting that we
consider, and for productivity shocks, none of the types of targeting does anything to
help stabilize employment. In contrast, if prices are sticky, rankings do not depend
on whether wages are sticky because output is demand-determined, and employment
is given by the production function. If the nominal wage is flexible, it is determined
recursively by the labor supply function.

We are in the midst of a period of renewed interest in stabilization economics.
Even if the results that “we always thought were true” turn out to hold up, we will
be better off for having scrutinized them further.
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Table 13: Summary of Rankings of Types of Targeting

sticky variable,

target

kind of shock

model type variable money demand goods demand productivity
IT = PT PT PYT »all except MT
employment =YTL - MT* =YTL - MT > IT PYT = MT
= PYT = PYT IT > YTL
wages, rice level same as for same as for PT »>all other
levels p employment employment PYT = IT >-YTL
tout same as for same as for YTL >all other
output employment employment IT - YTL
T PT
employment =YTC 3= MT* | =YTL § > MT gig :a}\{[;x"’el’t MT
— YT = PYT =
wages, inflation same as for same as for IIT »>all other
combination o employment employment nyT > yTrc
output same as for same as for YTC >all other
put employment employment nyT > 1ur
wages & Drices employment IT =PT PT
B enal % price level —YTL > MT =YTL %> MT > IT all the same
output =PYT = PYT
wages & Drices employment r PT
cgmbinzftion ’ inflation =YTC - MT =YTL - MT all the same
output =10YT = PYT

eIT = “interest rate targeting,” PT = price level targeting, YTL =
PYT = nominal income targeting, MT = money supply targeting

bIIT = price level targeting, YTC = ouput targeting in the combination model,
IIYT = inflation plus output targeting, MT = money growth targeting
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Appendix A

In this Appendix we present solutions for some variables in the notional models
and substantiate some of the claims made in the text. First, we obtain solutions
for the output, employment, real wage, and real interest rate expected to prevail in

period t + 7, j = 1,...,00 based on period t information in both the levels model
and the combination model. Taking expectations of equations T2-1 through T2-4
for period t + j, j = 1,...,00 based on period ¢ information, taking account of our

assumption that the shocks are i.i.d., and solving yield

Y44t = lt+j|t = Wiyj)t — Pt+jlt = it+j|t - (pt+j+1\t - pt+j|t) = 0. (A-l)

Using a procedure that is analogous in every way to the one used to obtain equation

(A.1) except that expectations are taken based on period ¢ — 1 information, it can
be shown that the output, employment, real wage, and real interest rate expected to
prevail in period t + 7, 7 = 0,...,00 based on period ¢t — 1 information in both the
levels model and the combination model are

Yttjlt—1 = lt+j\t—1 = Witjt—1 — Pt+jlt—1 = Utjjt—1 — (pt+j+1|t—1 —pt+j\t—1) =0. (A.2)

Next, we obtain the solutions for the rest of the variables in the levels model. Substi-
tuting equation (T2-5) into equation (T2-6) for period ¢+ j, taking expectations of the
resulting equation based on period ¢ information, taking account of our assumption
that the shocks are i.i.d., and making use of the solution for i, s — (Pe+jt1)t — Petsit)
in equation (A.1) yield the following difference equation:

A+ Ap

m) Dt+jlts Jj=1,...,00. (A.3)

Prrj+1t = (1 +
By assumption, A, + A, > 0. If \,, + X, > 0, and if, in addition, it is assumed that
there are no speculative bubbles, then it follows that the price level, the wage rate
and the interest rate [from equation (A.1)], and the money supply [from equations
(T2-5) and (A.1) and our assumption that shocks are i.i.d.] expected to prevail in
period t + j, j =1,...,00 based on period ¢ information are

Pitjit = Wigjit = btjjt = M4t = 0. (A-4)

Using a procedure that is analogous in every way to the one used to obtain equation
(A.4) except that expectations are taken based on period ¢ — 1 information, it can be
shown that the price level, wage rate, interest rate, and money supply expected to
prevail in period ¢t + j, 1 =0,..., 00 based on period ¢ — 1 information are

Ptyjlt—1 = Witjjt—1 = it+j|t—1 = Myyjjt—1 = 0. (A-5)

Now, we obtain the solutions for the rest of the variables in the combination model.
Substituting equation (T2-9) into equation (T2-7) for period ¢ + j, eliminating my. ;
and my;_1 using equation (T2-5), taking expectations of the resulting equation based
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on period ¢ information, making use of the solutions in equation (A.1) and the defi-
nition of inflation in equation (T2-8), and taking account of our assumption that the
shocks are i.i.d. yield the following difference equation:

Ttrj+1t = (’7“ + 77r)7rt+j|t7 ] =2,...,00. (A6)

By assumption, v, +7v, > 0. If v, +v, > 1, and if, in addition, it is assumed that there
are no speculative bubbles, then it follows that the inflation rate, the wage rate and
the interest rate [from equation (A.1)], and the money growth rate [from equations
(T2-5), (T2-9), (A.1), the assumption that the shocks are i.i.d., and solutions for
other variables in equation (A.7)] expected to prevail in period ¢t + j, j = 2,...,00
based on period t information are

Titjlt = Witglt — Petj—1t — Tt = Yitjlt = Hipgpe = 0. (A7)

It also follows that the inflation rate [from equations (T2-5), (T2-7), (T2-9), (A.1),
(A.7), and the assumption that the shocks are i.i.d.], the wage rate and the interest
rate [from equation (A.1) and (T2-8)|, and the money growth rate [from equations
(T2-7), (T2-9), (A.1), (A.7), and the assumption that the shocks are i.i.d.] expected
to prevail in period ¢ + 1 based on period ¢ information are

Y .
Tit1)t = F— (oY — gt +v1),  Wiap — Py — Tegape = 0,
VotV
: Vr .
Y41t = 0, Popip = — (7 py ) (¢yt — e + ’Ut) . (A.8)
T T

Using a procedure that is analogous in every way to the one used to obtain equations
(A.7) and (A.8) except that expectations are taken based on period ¢t — 1 information,
it can be shown that the inflation rate, wage rate, interest rate, and money growth
rate expected to prevail in period t+7, 7 = 1,..., 00 based on period £ —1 information
are

Totjlt—1 = Witgjt—1 = Pe+j—1jt—1 = Ttjjt—1 = Upjjt—1 = Hytjje—1 = 0, (A,Q)

and that the inflation rate, wage rate, interest rate, and money growth rate expected
to prevail in period ¢ based on period ¢t — 1 information are

Y .
-1 = E— (yp1 — €lp1 + v421) Wyjt—1 — Pr—1 — Tgje—1 = 0,
Vo T Vu
-1 =0, flg1 = — (,y Zir,y ) (Pys—1 — €lp—1 + V1) . (A.10)
T Ty
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Appendix B

In this Appendix we present solutions for models with wage stickiness and models
with wage and price stickiness. For the levels models the solutions are for output, the
price level, and the interest rate, and for the combination models the solutions are
for output, inflation, and the interest rate. For both kind of models the solutions for
employment can be derived from the solution for output and the production function.

Wage Stickiness, Levels Model

Y
p =
)

Wage Stickiness, Combination Model

-\ +EHU + (A+ H)x
—o\pv+aHU — (cH+ F)z
(a+&o) Ao+ (@A+EF)U — (0A—F)zx

Aw,

y —(J =1y, v+ EJZU + JQr + £JQm
T | = —(J=1)ay,v+aJZU — Awgpor + aJQm_4

Aw,c
i (aJ+§<JU+'yy)S Y,V + (@] +£S)JU — JKz — EJ K

Wage and Price Stickiness, Levels Model

Y
AW&P,L p| =

l

—Anv + HU
0
o, v+ FU

Wage and Price Stickiness, Combination Model
—(J =1y, v+ JZ2U + JQm

pu— 0
(Ja + %,) Y0+ JSU — JKm

Yy
Awgpco | ™
7

where
E=1-—aq, A=)+, > 1, F =X+ o,
Q=J+,.E, K =Jo—~,0, H=1+ )¢,
J=7,+7: > 1, Z =1+, S =7, + 7,90,
Awrp=co(A+H)+(Awepr >0, Awgpr =0H + F >0,

Amc = CYJQ + gAw&pyc > O, Aw&gc = (J — 1) vugzﬁ +JZo + Q’}/y > 0.
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Figure 1: Schedules

Panel A: Wage Stickiness, Levels Model

Panel B: Wage Stickiness, Combination Model
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Panel E: Wage and Price Stickiness, Levels Model

Panel D: Reaction Schedules, Combination Model

Panel F: Wage and Price Stickiness, Combination Model



Figure 2: Effects of Shocks with Wage Stickiness, Levels Model
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Figure 3: Effects of Shocks with Wage Stickiness, Combination Model
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Figure 4: Effects of Shocks with Wage and Price Stickiness, Levels Model
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Figure 5: Effects of Shocks with Wage and Price Stickiness, Combination Model
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