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1 INTRODUCTION AND THE TEXTBOOK NEW KEYNESIAN MODEL

The New Keynesian (NK) model in its current form has been well studied over the last 25
years, including the seminal works of Rotemberg and Woodford (1997) and Clarida et al. (2000).
Textbook treatments of the model include Woodford (2003) and Gali (2015). This paper revisits
the question: what is the role of the money market in the NK model? We show four things.
First, picking a rules-based interest rate policy in the NK model is isomorphic to imposing a
money demand structure with an exogenous money supply. Second, the determinacy condition
on endogenous money supply policy generalizes the conventional condition in the NK model.
Third, optimal money supply policy simultaneously targets inflation and the output gap, with
the interest rate equal to the natural rate in equilibrium. Finally, estimating the NK model under
our money market interpretation matches the binding policy rate lower bound (PRLB) constraint
duration in the data, whereas conventional interest rate policy estimates do not.

This paper does not necessarily argue that the NK model is better understood by closing
the model with a money demand specification rather than an interest rate policy rule. Instead,
we show that (1) these two different specifications are indistinguishable under particular model
parameterizations, and (2) this is not merely a theoretical curiosity. These two different inter-
pretations of the model have important implications for monetary policy. This is true on the
superficial level of thinking about the money supply or the interest rate as the primary tool of
monetary policy, but that is not the only implication. We show that a determinate linear ra-
tional expectations equilibrium exists for reasonable parameterizations of a money growth rule
even with a permanently fixed nominal interest rate. This implies that practical concerns about the
effectiveness of monetary policy when the policy rate approaches zero may be overblown.

Our principal argument is as follows: The NK model is typically closed by a monetary policy
rule in which the nominal short-term interest rate is the policy instrument of a monetary author-
ity. The money market structure is treated as superfluous in this case. A simple rule assumes that

interest rate deviations from steady state, i;, respond to inflation deviations from steady state, 77;:
(MP) it = ¢714

Model determinacy with rules-based interest rate policy requires that the Taylor principle, em-
bedded in Taylor (1993), holds. The nominal rate must respond sufficiently to inflation fluctua-
tions to generate countervailing real interest rate movements — in this case, ¢ > 1.

We note, however, that in the background of the textbook NK model, the nominal interest rate
must be consistent with equilibrium in the money market. In particular, it is possible to think
about the velocity of money — the number of times a single money unit circulates within a period
— as capturing the behavior of money demand. Rising (falling) money demand causes velocity
to fall (rise). Higher nominal interest rates increase the opportunity cost of holding money, which
reduces the demand for money and increases velocity. Lower nominal interest rates decrease the

velocity of money. The velocity of money may also vary with other macroeconomic variables.



Suppose money velocity in the NK model is a function of the nominal interest rate and some
additional variables, Z;: vy = v(i;; Z;). It follows that the quantity equation, see Friedman (1970),
can be written as:

my +v (i Zt) = pr + Yt

where m; is the money supply, p; is the price level, 1; = p; — pi—1, and y;, is aggregate output.
The money supply and price level are expressed in log-deviations from trend. Money velocity
and real output are expressed in log-deviations from steady state. A structural interpretation of
velocity transforms the quantity equation from an accounting identity to an equilibrium condi-
tion. The nominal interest rate must be consistent with this equilibrium condition.

Imposing a specific interest rate policy rule, such as (MP), is isomorphic to imposing a money
demand specification on the model. For example, if velocity growth responds to the nominal
interest rate and output growth, Av; = 0i; + Ay;, the inverse money demand relationship implied
by the quantity equation is observationally equivalent to (MP), absent money growth fluctuations:

. 1 1
(QE) it = =7 — —Amy
Q ¢

With exogenous money growth, the Taylor principle holds for ¢ = ¢! < 1, equivalent to the
determinacy condition on (MP). If money growth responds to model variables itself, determinacy
parameter restrictions and the model dynamics vary with the money supply policy.

Deriving an interest rate policy rule from the quantity equation is not novel. In fact, Taylor
(1999) does so following similar logic to ours:

First imagine that the money supply is either fixed or growing at a constant rate. We know that velocity
depends on the interest rate and on real output or income. Substituting for [velocity] in the quantity
equation one thus gets a relationship between the interest rate, the price level, and real output. If we
isolate the interest rate on the left-hand side of this relationship, we see a function of two variables: the
interest rate as a function of the price level and real output. Shifts in this function would occur when
either velocity growth or money growth shifts. Note also that such a function relating the interest rate to
the price level and real output would still emerge if the money stock is not growing at a fixed rate, but
rather responds in a systematic way to the interest rate or real output; the response of money will simply
change the parameters in this relationship.
— Taylor (1999, pp. 322-23)
What is novel is taking the relationship between interest rate policy rules and the quantity equa-
tion seriously in the context of the NK model. Section 2 demonstrates that a general money
demand specification is isomorphic to a general interest rate rule specification. Taylor rule-type
estimates for the interest rate policy rule are indistinguishable from estimates from the money
demand specification. Section 3 outlines the important implications of our alternative interpre-
tation of the NK model. First, we derive a determinacy condition for money growth policy that
nests the determinacy condition on conventional interest rate policy. Next, we derive the efficient
path for money growth given a money demand specification. Finally, we prove that a determi-
nate linear rational expectations equilibrium exists even under a permanent nominal interest rate

peg and outline the limitations of policy in this case.



Under the money market interpretation of the model, the efficient money supply rule simul-
taneously stabilizes the output gap and inflation rate with the interest rate equal to the natural
rate. These are the optimal dynamics in the textbook NK model and further point to the isomor-
phism between the model’s rules-based interest rate policy and money market interpretations.
The efficient money supply rule also solves an issue related to optimal policy implementation
in the NK model — setting the nominal interest rate exogenously, e.g., equal to the natural rate,
results in model indeterminacy. The efficient money supply rule generates money supply re-
sponses to shocks which imply that the nominal rate equals the natural rate. Although, when
considering a fixed interest rate, a proxy for the PRLB constraint, the monetary authority cannot
simultaneously target the output gap and inflation.

We perform all of the analysis in Section 3 in the context of the textbook NK model after
outlining the textbook model for the reader’s convenience below. A question that remains is if
there is empirical support for our money market interpretation of the NK model. In Section 4,
we estimate a generalized version of the textbook NK model with either conventional interest
rate policy or our money market interpretation of the model, accounting for the binding PRLB
constraint in the data. The non-linearity due to the potentially binding PRLB constraint requires
us to account for this occasionally binding constraint when solving and filtering the model. We
solve the model using the OccBin algorithm from Guerrieri and Iacoviello (2015). The OccBin
algorithm constructs state-dependent piecewise-linear policy functions. In states in which the
PRLB does not bind, the policy functions follow standard first-order perturbation solutions. In
states in which the PRLB binds, the policy functions account for the fact that the policy rate is
fixed, under the premise that the constraint will relax at some point in the future. The interac-
tion of the state variables and expected binding constraint length can result in highly nonlinear
dynamics. To account for this interaction and the non-linearity in the policy functions, we use
the piecewise-linear Kalman filter from Giovannini et al. (2021) in our estimation exercises.

Estimating the model with conventional interest rate policy is similar in practice to the esti-
mation exercises in Gust et al. (2017), Guerrieri and lacoviello (2017), or Aruoba et al. (2021), for
example. However, as noted in Hirose et al. (2022), estimating the textbook model through 2019
fails to generate a binding PRLB constraint period that matches the binding constraint duration
in the data. With conventional interest rate policy, our estimates confirm this result. Hirose et al.
(2022) introduce bounded rationality, as outlined in Gabaix (2020), into an otherwise standard
rational expectations model following Atkinson et al. (2020) and show that this generates a per-
sistent binding PRLB period consistent with the data. The non-monetary block in our estimated
model also follows Atkinson et al. (2020), but with Calvo (1983) pricing rather than Rotemberg
(1982) and steady state distortions due to non-zero steady-state net inflation. With our money
market interpretation of the model, model estimates generate a long and persistent binding PRLB
constraint period consistent with the data. That is, when interpreting the NK model through the
lens of the money market, our estimates from an otherwise textbook NK model with rational

expectations match the data, whereas the conventional interest rate policy estimates do not.



1.A The Textbook NK Model Structure

A first-order Taylor series approximation of the textbook NK model around the zero net in-

flation steady-state consolidates to two micro-founded relationships, the IS and Phillips curves:!

1 . .
(IS) Xt = IEtxt+1 — E (lt — ]:Etr[t+1 — Tt)

PC) e = k(0 4+ 1)x¢ + BE 141

where x; is the output gap, i; is the nominal short-term interest rate expressed in level deviations
from steady-state, and 7; is the net inflation rate. The output gap is the log difference in output
in an economy with monopolistic competition and nominal price rigidities in the production
sector, and the same economy with flexible prices. The model parameters include the discount
factor, B, inverse elasticity of intertemporal substitution, o, inverse Frisch wage elasticity of labor
supply, 77, and output gap elasticity of inflation, x(c + 7).

The final term in the structural equations, ;, is called the natural interest rate. The natural
rate is the prevailing risk-free real short-term rate in the flexible price economy. To define the

natural rate, consider the consumption Euler equation in the flexible price economy:
0=0(yi —Ewia) +11

Aggregate output in the flexible price economy, y;, is proportional to a productivity shock, a;:

1+7
o+

az

yi =

Thus, assuming the productivity shock follows an AR(1) process with the AR coefficient p,, the
natural rate follows:

" 1+
rf=—o(l- pa)U_l_Zat
Aggregate output in the model follows:
— g LT
Y = X+ . ﬂat

For an overview of the literature on the NK model, see Goodfriend and King (1997) or Gali
(2015, pp. 80-82). For quantitative exercises in Section 3, we assume that the structural parame-
ters in the textbook model take on the following values: ¢ =1, 7 =5, B = 0.99, and x = 0.086,
consistent with the parameterization from Gali (2015, p. 67) assuming constant returns to scale

over labor.

1. Appendix A derives the IS and Phillips curves from the underlying private economy equilibrium conditions
including: the consumption Euler equation, 0 = ¢ (¢; — E¢cyy1) + it — E¢71441; the labor supply curve, wy = yn + ocy;
the labor demand curve, w; = mc; + a;; the optimal price-setting condition, 7r; = xmc; + BE;7;1; the production
function, y; = a; + ny; and the aggregate resource constraint, y; = c;.
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2 MOoNEY DEMAND WITH A GENERALIZED INTEREST RATE PoLicy RULE

A general interest rate policy rule that nests many ad hoc interest rate policy specifications
used in the NK literature can be written as:

it = pitr—1 4+ (1 — pi) [pr7te + pxxe + PyAys + Pu (711 + Ay)| + €14

The interest rate responds to inflation, the output gap, real output growth, and nominal output
growth with inertia, p; > 0, where €;; is a monetary policy shock.

Is there a money demand specification for which the endogenous interest rate response looks
like the above interest rate policy rule absent monetary shocks? Yes! Consider the quantity
equation in growth rates:

Amy + Avy = 714 + Ay

Let velocity growth follow:
Avy = @ (it + wAL) + (X — V)AY — Ex¢ — Y7t + €0t

where €, is a velocity growth shock, and substitute velocity from the quantity equation:

. 1 1 ¢ 1—x 0% 1 1
i +— -+ = xx+—=Ap+ = (m+A ——— (Amy+€
t 1+ t—1 1+ w 0 t 0 t 0 Yt 0 ( t ]/t) 1—1—(0@( t Ut)
N~ S~ —— ~—
pi 17Pi o3 ¢x 47y Gn —€it

The interest rate rule and the inverse money demand equation have five parameters. Spec-
ifying an interest rate rule is equivalent to imposing a money demand specification. However,
the interest rate rule is misspecified if we consider the money demand interpretation. The inter-
est rate rule embeds the money growth term in the interest rate policy shock. Furthermore, it is
clear from the derived money demand expression that estimating this equation, including money
growth, implies that the residual from the estimation identifies the velocity growth shock.

Let us consider a specific velocity specification — velocity responds to observable series only,
i.e., there is no output gap response, ¢ = 0. Additionally, y is not separately identifiable when
estimating this equation. We estimate the following equation assuming y = 0:

1 1—x

)

i1+ LI
1+ ' T 14w 0

OAmM; + €; 4

with 4 = 0 indicating conventional interest rate rule estimation and = 1 implying the derived
interest rate specification. We estimate equation (2.1) using data from 1984ql to 2007q4. The

observable series are the federal funds rate, inflation as measured by the GDP deflator, real GDP

2. Rearranging this equation defines a monetary base rule similar to McCallum (1988). However, as with an interest
rate policy rule as outlined above, our exercise is akin to imposing a velocity structure on a McCallum-type rule.



TABLE 1: INTEREST RATE POLICY VERSUS STRUCTURAL MONEY DEMAND ESTIMATES

Interest rate rule: 6 = 0 ||| Structural money demand: § =1
Structural Reduced-form H H Structural Reduced-form
w 11.008 Qi 0.917 w 18.700 i 0.949

[3.540] [0.025] [9.307] [0.024]
o 0.353 Pr 2.830 o 3.613 i 0.277

[0.111] [0.889] [3.132] [0.240]
x  0.545 ¢y 1.285 X -6.283 by 2.016

[0.154] [0.467] [5.569] [1.070]

Notes: Estimation results from (2.1) using US data from 1984ql to 2007q4. Bracketed numbers are the standard
deviations of the point-estimates.

growth per capita, and monetary base growth per capita.

Table 1 provides the estimates. The structural parameter estimates are obtained via nonlinear
regression techniques. We then compute the implied reduced-form parameters. Consider the
interest rate rule results first, § = 0. In this case, the reduced-form estimates look like standard
interest rate rule estimation results. However, with 6 = 1, the interest rate responses to inflation
and output growth, ¢ and ¢,, are not well-identified.

Why are the estimates not identified when including money growth in the estimation spec-
ification? The estimation of the structural money demand function, § = 1, is an example of
simultaneous equations estimation. In this case, we are estimating the equilibrium price in the
money market, i;, on a function of the equilibrium quantity, m;. For example, suppose money

growth co-moves with inflation and output growth:
(2.2) Amy = Un Tt + Py Ay

and rearrange the estimation equation:

1—
ﬂﬂm

w . 1—x—ny
— 1y A
1+wzt1+1+w 0 Yt

(2.3) iy = + + €t

Estimating (2.3) requires an identification restriction for (2.2) because i and i, are not separately
identifiable from ¢ and x. Consider two identifying restrictions. The first is a crude version of
the quantity theory — the growth rate of nominal income increases one-for-one with money
growth (1 = p, = 1). The second is policy oriented — money growth varies inversely with

nominal GDP growth. Under the quantity theory restriction, x is not separately identifiable, so



TABLE 2: STRUCTURAL MONEY DEMAND ESTIMATES: VARYING IDENTIFYING RESTRICTIONS

Quantity Theory: pr = py, =1 H H Policy: yr = py = —0.5

Structural Reduced-form H H Structural Reduced-form

w 19.778 Qi 0.952 w 11.008 Qi 0.917

[10.355] [0.024] [3.540] [0.025]

0 0.502 Pr 0 0 0.530 Pr 1.887

[0.283] [0.167] [0.593]

X -1 by 1.992 x 0.819 by 0.342

[1.122] [0.232] [0.408]

Notes: Estimation results from (2.3) with varying identification restrictions using US data from 1984ql to 2007q4.

Bracketed numbers are the standard deviations of the point-estimates.

we estimate w and ¢ conditional on a value of .

Table 2 provides the estimates of equation (2.3) with either identifying restriction. Under
the quantity theory, the interest rate response to inflation is assumed to be 0. The output gap
response is, again, not well-identified. Now, consider the policy-oriented identifying restriction
— the second set of results in Table 2 with p; = p, = —0.5. In this case, the reduced-form
estimates are in line with those typically used in the NK literature, ¢ > 1 and ¢, ~ 0.

In summary, rules-based interest rate policy specifications are not separately identifiable from
money demand specifications. Estimating a typical interest rate policy rule is equivalent to
estimating an inverse money demand function, except that the interest rate rule pushes money
growth variability into the residual. The interest rate is the equilibrium price in the money
market and, thus, a function of the quantity of money, implying interest rate policy rules are not
identified. Identification requires assuming a money supply specification.

With a money demand specification that is observationally equivalent to a rules-based interest
rate policy that targets inflation and output growth, money growth must fall in response to
either inflation or output growth to yield estimates consistent with specifications used in the NK
literature. It is important to note that this is consistent with casual empirical observation. For
example, prior to the payment of interest on reserves, the target for the federal funds rate was
maintained through open market operations. Changes in the stance of monetary policy caused
by higher inflation would bring about open market sales, reducing money growth and raising the
federal funds rate target. Even in the period following interest payment on reserves, tightening
monetary policy in response to higher inflation entails raising the interest rate and quantitative
tightening. Thus, casual empirical observation does not help us distinguish between the two

competing interpretations of the model.



3 THE EFrFecT OF THE MONEY MARKET ON THE NK MODEL

In an otherwise neoclassical model, the NK model introduces two modeling features to gener-
ate a relatively elastic aggregate supply curve (the AS curve in output-inflation space is upward
sloping, but not vertical). The first is monopolistic competition which introduces an optimal
pricing problem in the production sector. The optimal pricing problem allows for the second
modeling feature, nominal price rigidity in goods prices. Nominal price rigidity causes the
aggregate supply curve to be relatively elastic compared to the neoclassical model, in which ag-
gregate supply is perfectly inelastic. These two modeling features generate a time-varying wedge
between factor input demand from the production sector and factor input supply, i.e., a markup
in the labor market. This time-varying markup causes the classical dichotomy to fail. Output dy-
namics vary with the stance of monetary policy. The time-varying markup generates inefficient
labor demand shifts. Monetary policy offsets these effects by shifting household labor supply.

The classical dichotomy is the idea that nominal variables have no effect on real outcomes. In
general, the classical dichotomy does not hold in the NK model. To see this, consider the Phillips
curve, equation (PC), written in terms of output:

1+ 1
= ;/I[,Zt—
otn Kk(o+n)

3.1) Yt (BE:7ti 41 — 71t)
With flexible prices, x — oo, it is clear that the classical dichotomy holds. Aggregate output
fluctuations are proportional to productivity and, from the IS curve, the ex ante real short-term
rate equals the natural rate. With sticky prices, i.e., finite x, this is not the case.

For example, consider the velocity growth specification that implies the interest rate dynamics
follow equation (QE), and substitute current and future inflation from equation (3.1):

1+7 1
= at—
o+ k(oc+1n)

Y (BEiAmy 1 — Amy + ¢ (BE¢ir1 —ir))
Output varies with productivity and the stance of monetary policy. A solution to the model

exists conditional on a money supply policy. The classical dichotomy fails absent: Am; = —oi;.

Proposition 1. In a NK model with money demand that is observationally equivalent to inflation-targeting

interest rate policy, absent money growth variability, and money growth policy that responds to inflation

and the output gap: Am; = pr 7t + UxXy, a determinate linear rational expectations equilibrium exists if:
k(o +1)

.”x<ﬁ(1_g_yﬂ)

Proof. See Appendix B. O

This condition nests the Taylor principle, ¢ < 1, with fixed money growth, yi, = u; = 0. With no
response of money growth to the output gap, . = 0, this condition simplifies to ¢ < 1 — .



3.A  Monetary Policy with Money

The textbook NK model imposes a rules-based interest rate policy on the IS and Phillips
curves. We have shown that rules-based interest rate policies are observationally equivalent to
imposing money velocity specifications in the quantity equation, implying a money demand
structure. An important question is whether or not this has implications for the operation and
interpretation of monetary policy. We examine this in two respects. First, we consider the case
where our alternative money market interpretation of the NK model is correct and derive the
efficient money supply policy in the model. Second, we consider the case where the nominal
interest rate is permanently fixed, a proxy for a PRLB constraint. We show that even with the
interest rate permanently fixed, a determinate linear rational expectations equilibrium exists.

However, it is impossible to simultaneously target inflation and the output gap in this case.

1. An Efficient Money Supply Rule Suppose the goal of monetary policy is to maximize house-
hold welfare. The output gap is fixed under the efficient, or welfare maximizing policy. From the
Phillips curve, inflation is permanently fixed when the output gap is fixed. From the IS curve,
the interest rate equals the natural rate in this case. As shown in Section 3, the flexible price, or

efficient, output response is proportional to productivity:

o+n

Yt az
What money supply rule supports the welfare maximizing dynamics in equilibrium?

Consider the general velocity specification from Section 2 and the quantity equation in growth
rates under the efficient dynamics (output is proportional to productivity, ; = r{, and 7; = 0):

Avy = Ary) — ————A

vy = 0 (r] +wAry) (1= p0) i 4 €ut
1

A’Ut = —7A1’r _Amt

o(1—pa)

Combining these two equations defines the efficient money growth policy:

1+ 1+
(3.2) Amy = 0o (1— pg) - +Zat +[14+7—x+owr(l—p,)] (T—HZAat — €yt
With a velocity specification that yields observationally equivalent model dynamics to rules-
based interest rate policy, the optimal money growth rule implies money is inelastically supplied
(does not vary with the policy rate) and responds to productivity fluctuations. Money growth
responds to the productivity level, with productivity growth (contractions) amplifying (damp-

ening) the money growth response.3 The size of the shift in the money supply curve following

3.Due to nominal price ridigities, expansionary productivity shocks generate a negative output gap. Output
expands less following productivity shocks than it otherwise would in a model with flexible prices, generating a
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F1GURE 1: EFFICIENT MONETARY PoLicYy RESPONSES TO A PRODUCTIVITY SHOCK, 4;

0 Policy Rate . Money Supply, w =0 | Money Supply, w=9
-0.05
-0.1 0.5 —
0 — 1 ”’_r"
015t/ |7 0=05 <
-———=
-0.2 0
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Notes: Impulse responses to a productivity shock under the efficient money growth rule, equation (3.2), varying
the interest rate semi-elasticity of money demand, o, with v = 0 and xy = 1. Solid lines: ¢ =~ 1; dashed-dotted
lines: ¢ = 0.5; dashed lines: ¢ = 0. The interest rate response is in level deviations from steady state in annualized
percentages and the interest rate equals the natural rate across all interest rate semi-elasticity of money demand

values. The money supply response is in percentage deviations from steady state.

a productivity shock varies with the structural money demand parameters, the persistence of
the shock process, and household preferences. Again, this is the optimal money growth policy
with a velocity specification such that the quantity equation is observationally equivalent to the
majority of interest rate policy rules used in the NK literature. What matters for optimal pol-
icy is correctly identifying the output growth elasticity of money demand, 1+ — x, and the
parameters defining the interest rate semi-elasticity of money demand, o(1 + w).

Figure 1 shows the efficient money supply response to the persistent productivity shock
(02 = 0.95).* The left panel shows the policy rate response. The policy rate equals the natural rate
regardless of the money demand specification. The center panel shows the money supply response
with w = v = 0 and x = 1, varying the interest rate semi-elasticity of money demand, o.
When money demand varies with the interest rate, ¢ > 0, the money supply grows following a
productivity shock. If money demand does not vary with the interest rate, 0 = 0, holding the
money supply fixed provides the efficient outcome. The right panel shows the same responses
with w = 9 implying an AR coefficient on the interest rate in the economy of 0.9. The inertia
in the interest rate dynamics amplifies the impact response of money growth to the productivity
shock. In either case, the money growth response is quite persistent given the persistence of
the productivity shock. 5 years after the shock (20 quarters) the money supply is still growing
substantially and does not converge to its new steady-state level until after 12 years (48 quarters).

Again, the policy rate equals the natural rate across all money market specifications. That

is, the optimal money supply rule ensures that the technically efficient policy rate dynamics

negative output gap.

4. Note that the response of the money supply to a productivity shock is positive because a productivity shock
causes potential GDP to increase by more than actual real GDP in the NK model. This implies that the response of
the output gap to a productivity shock is negative.
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hold. Simply setting the policy rate equal to the natural rate in the NK model is not possible
as exogenously setting the policy rate results in model indeterminacy. This relationship is an
equilibrium outcome when money supply policy follows equation (3.2).

2. Money Supply Rules with a Fixed Interest Rate What money supply specifications support a
permanently fixed interest rate? Consider, again, the general velocity specification from Section 2:

Avy = 0 (it + wAir) + (X — 1) Ay — Cxp — Y7 + €0

We fix the interest rate at i; = 0 for all t. Substituting velocity growth into the quantity equation
yields:

(3.3) Amy = (14+9)m 4+ (149 — x)Aye + Ext — €4

Equations (3.3), (IS), and (PC) define an equilibrium with a fixed interest rate, i = 0, given a
money growth policy. The IS and Phillips curves combine into a single equation:

(3.4) (Bo+x(o+1))x; = BoEix;y1 + 710 + Brf

Proposition 2. In a NK model with money demand that is observationally equivalent to rules-based
interest rate policy that responds to inflation and the output gap, v = 0 and x = 1, absent money growth
variability, and a money growth policy that responds to inflation and the output gap: Amy = p 7t + pxXy;
a determinate linear rational expectations equilibrium with a fixed interest rate, i; = 0, exists if:

pa <x(0+ 1) (1 —pr) +¢
Proof. Substitute the money supply policy specification from equation (3.3) with y = 0and x = 1:

Px— G 1
- ]/lnxt + 1= ,”ﬂev’t

Pl + paXe = 70+ Cxp — W = 7 =
Substituting inflation from equation (3.4):

[(Bo+x(0+ 1)) (L= pr) + & — pa] x¢ = Bo(1 — pir) EBexepq + €0 + B(1 — pin)ry
which has a determinate solution given the above condition on i is satisfied. O

The condition on i, will always hold for standard parameterizations of a money growth rule.
One would expect that the central bank would respond to rising inflation and a positive output
gap with lower money growth. This implies that p, < 0 and p, < 0. If y; <0, then the term of

the right-hand side of the condition is positive. Therefore, the condition holds for any pu, < 0.

Corollary 2.1. Output gap-targeting money supply policy with a fixed interest rate, iy = 0, responds

12



to current and past productivity shocks, and current velocity growth shocks, expanding with a positive
productivity shock.

Proof. Equation (3.3) allows inflation to be substituted from the problem, defining an equilibrium

over output and the money supply, given a money supply policy specification:

l—i—’Y—XA

— x; + Brf
1_|_,)/ yt 1+,yt5t

1
(B -+ k(0 +1)) 31 = BoErxis + 15— (Am+ €o.) —
Targeting the output gap implies output is proportional to productivity. Rewrite the equilibrium
condition with a fixed output gap to define output gap targeting money supply policy:

1+17 - 1+17Aat_€vt

am = p(1+7)e(1=pa) -

O]

Corollary 2.2. Inflation-targeting money supply policy with a fixed interest rate, iy = 0, responds to
current and past productivity shocks, and current velocity growth shocks, contracting with a positive
productivity shock so long as: (1 —v — x)x(c+1) < {Bo(1 — p,).

Proof. Consider equation (3.4) with inflation targeting money supply policy:

k(1+47n)

(Botw(o+m)xe = pokexin +Pri = v = gom— S ™

Substitute output from equation (3.3):

k(1+7)
Bo(1—pa) +x(c+1)

Amy = —g—PTO=pd) 14y

Bo—p) i (o imoty” T ATT7Y

Aﬂt — €v,t

O

Figure 2 shows the impulse responses to a productivity shock with fixed, output gap-targeting,
and inflation-targeting money supply policy. Fixed and output gap-targeting money supply pol-
icy cause the productivity shock to be inflationary with a fixed nominal interest rate. Fixed and
inflation-targeting money supply policy generate a negative output gap response with a fixed
nominal interest rate.

Proposition 3. It is impossible to simultaneously target inflation and the output gap with money supply
policy supporting a fixed interest rate, iy = 0, — the efficient, or welfare maximizing, outcome.

Proof. Consider output gap-targeting money supply policy, implying from (3.4):

147
o+n

m:ﬁa(l—pu) as
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FIGURE 2: IMPULSE RESPONSES TO A PRODUCTIVITY SHOCK, a;, WITH i; = (0
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Notes: Impulse responses to a 1% expansionary productivity shock with a fixed interest rate, iy = 0. Solid lines:
output-gap-targeting money supply policy; dashed-dotted lines: inflation-targeting money supply policy; dashed
lines: rules-based money supply policy with yy = iz = 0 (fixed money supply). The output gap, money supply, and
productivity responses are in percentage deviations from steady state. The inflation responses are level deviations

from steady state in annualized percentages. x =1, ¥ =0, and ¢ ~ 0.125
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Inflation is proportional to the productivity shock when considering output gap-targeting money
supply policy with a fixed interest rate. A similar argument follows when considering inflation-
targeting money supply policy in equation (3.4). O

Overall, the results from this section have important implications for both the conduct and
interpretation of monetary policy. First, it is possible to specify the efficient path of the money
supply that is consistent with a corresponding efficient path of the nominal interest rate. Thus,
our money market interpretation of the NK model allows one to think about monetary policy in
terms of the money supply. This is particularly important given the issues related to the PRLB
constraint. This lower bound has given rise to practical concerns about the effectiveness of mon-
etary policy when the policy rate approaches zero. In addition, concerns with this lower bound
have also raised concerns about the determinacy of equilibria. Our results demonstrate that con-
cerns about indeterminacy might be overblown, considering that there is a determinate rational
expectations equilibrium even with a permanently fixed nominal interest rate. Nonetheless, our
results do speak to a limitation of policy. With a fixed nominal interest rate, the central bank
cannot target both inflation and the output gap.

4 EmriricAL EVIDENCE: GENERAL EQUILIBRIUM EsTiMmAaTION 1984 — 2019

In this section we consider the effects of our money market interpretation of the NK model
on model estimates of the general equilibrium model. We estimate the model using standard
Bayesian techniques. To account for the binding PRLB constraint in the data in our estimation,
we solve the model using the OccBin solution algorithm from Guerrieri and Iacoviello (2015) and
use the piecewise-linear Kalman filter from Giovannini et al. (2021).

The model we estimate includes three extensions relative to a generalized version of textbook
NK model outlined in Section 1 that follow the NK model estimation literature (see Aruoba et al.
(2021) or Atkinson et al. (2020), for example). First, we add trend productivity growth with
shocks to productivity growth, rather than stationary productivity shocks. This accounts for: (i)
trend output growth in the data; and (ii) the persistent deviation in output from trend beginning
in the third quarter of 2008. Second, we add habit formation in consumption. Finally, we add
preference shocks that change the weight households put on utility flows in a given period. The
preference shock acts as a demand shock on the economy. When households weight current util-
ity flows higher than future utility flows their stochastic discount factor is exogenously reduced,
shifting expenditures to the current period. We generalize the model relative to Section 1 by
considering a (potentially) non-zero net inflation steady state with Calvo (1983) pricing.

The non-monetary model block is identical across estimation specifications and includes eight
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structural equations:5

(4.1) (z—=h) Ay = =0 (zyr — hyr—1 + hzy)

(4.2) wy =1 (6 +yr) — Ay

(4.3) ir = (Pr — Eepry1) — (EeArn — A¢) + Eizpq + By

(4.4) Ty = 70 + gt — My

(4.5) gt = (1= BOIT) (Y1 + wi + ye + At) + POIT° (eEi7tiq + Eigiia)

(4.6) hy = (1 - ﬁfl’ng_l) (Y +ye + As) + BT ((€ — 1)Eemi + Erhyya)
4.7) = (1 ¢) Gf#) -

(4.8) Or = emy — e (1 — pIT°) gy + PII6; 4

along with two exogenous processes:

(49) Zt = PzZt-1 + 02€7t
(4.10) Pt = PypPr1 + Oyt

where all variables are expressed in log-deviations from steady state.

Equation (4.1) defines the marginal utility of current consumption, A;, given the addition of
habit formation, h > 0, trend productivity growth, z > 1, and the productivity growth shock,
zt. Equation (4.2) is household labor supply where 7 is the inverse wage elasticity, or Frisch
elasticity, of labor supply. Equation (4.3) is the Fisher equation. The real interest rate includes
the inverse intertemporal rate of substitution over household consumption, the effect of varying
preferences over utility flows across time, y; — [E;;11, and expected future productivity growth.
Equations (4.4) — (4.6) define the optimal reset price for the fraction 1 — ¢ of firms that reset prices
in the current period, relative to the aggregate price level in the prior period where aggregate
inflation follows equation (4.7). B is the household discount factor and ¢ is the goods elastic-
ity of substitution which governs the average markup in the economy. Equation (4.8) defines a
measure of price dispersion in the economy reflecting that (1 — ¢) firms optimally reset prices in
the current period and ¢ firms hold prices constant. Equations (4.9) and (4.10) imply that pro-
ductivity growth and the intertemporal preference shifter follow AR(1) processes in logs. Note,
the steady state optimal reset price, relative to the price level in the prior period, varies with the
steady state inflation rate in the economy: Iy = ((Hl’gﬂl))/ (1—¢))1/(17€>. Equations (4.1) — (4.8) con-
solidate to the NK model outlined in Section 1 with productivity growth (rather than stationary
productivity) and preference shocks with: z =11 =1 and h = 0, where x = (1-9)(1-¢8)/¢.

5. Appendix C provides micro-foundations for equations (4.1) — (4.8). We derive each from optimization prob-
lems for households and firms, impose an equilibrium, and log-linearize the nonlinear and stationary equilibrium
conditions around a non-zero net inflation steady state.
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We estimate the exogenous process parameters, {0., py, 0z, 0y}, in addition to the degree
habit formation, h, degree of price rigidity, ¢, average productivity growth, z, and average gross
inflation, I, given calibrated values for the remaining parameters and a specification of the
monetary block in the economy. The intertemporal elasticity of substitution, 1/c is 0.5. The
household discount factor, B, equals 0.995. The Frisch elasticity, 1/, equals 1/3, implying that the
labor supply curve is relatively wage inelastic. The goods elasticity of substitution, ¢, is 7.667,
implying a 15% average markup in the zero net inflation steady state.

We consider two specifications of the monetary block in the economy. The first is conventional

interest rate policy. In this case, the nominal interest rate is subject to a PRLB constraint:
4.11) i = max {i;l, - (1 - ﬁ_lﬂz)}

where i’ is the notional rate and the interest rate level cannot fall below zero (8~ !T1Z is the steady
state gross nominal interest rate). The notional rate, i}', responds to inflation, output growth, and
nominal output growth deviations from trend with inertia, and we introduce a monetary policy

shock, €;

(4.12) iy = pit}_1 + (1 — i) [prrte + ¢y (Y — Yeo1 +2¢) + On (T + Yt — Y1+ 2¢) | + €1y

An equilibrium in this case is defined by equations (4.1) — (4.12) and includes three shocks.
Thus, we include three observable series, all of which are included in the alternative monetary
block specification estimation exercise discussed below. The observable series are: (i) real GDP
growth per capita, where population growth is calculated using an eight quarter moving average
as in Aruoba et al. (2021); (ii) GDP deflator implied quarterly inflation; and (iii) the quarterly
effective federal funds rate. The PRLB binds beginning in the fourth quarter of 2008 and “lifts-
off” in the fourth quarter of 2015. During this period, the monetary policy shock drops from the
model. Given this, we censor the federal funds rate data during this period as missing to avoid
stochastic singularity due to the number of observable series exceeding the number of shocks.
That is, the model dictates the paths of the notional and policy rates from 2008q4 through 2015q3.

The second monetary specification allows for our money market reinterpretation of interest
rate policy. In this case, the policy rate is subject to the same PRLB constraint, but the “policy

parameters” in the notional rate rule are interpreted as structural money market parameters:

—Ui€it

) w . 1 1+ 1—x+7
4.13) i = i+ T+ —Y1+2z)| — ——— (Amy+€
(4.13) i Tt T ixe | g ™ 0 (Yt —Yi-1+21) (1+w)g( tFEypt)
N s’ D N J/ N\ I | S —
pi 1=pi Pt Pn Gy +Pu (1—pi)¢n

where €y,; is a money velocity, or demand, shock and money growth follows:

(4'14) Amy = pmAmt—l + Om€m,t
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An equilibrium is now defined by equation (4.1) — (4.11), (4.13), and (4.14). Introducing the
money growth shock requires a fourth observable. We use the quarterly per capita growth rate
of the monetary base as the observable for money growth in the model.® Again, at the PRLB, we
censor the federal funds rate data as the money velocity shock now drops from the model. The
model dictates the path of the nominal and notional interest rates as in the conventional case.
However, in this case, equation (4.14) captures the effects of money growth on the notional rate.
Monetary base growth at the PRLB in the data causes the notional rate to fall.

All data is in net percentage levels. The measurement equation for estimation follows:

1 + GDPGrowth; /100 Z 0 0 0 (Ye — yi—1+2zt) Z

1 + DefInflation; /100 0 II 0 0 T 11
1 4+ FedFunds; /100 0 0 g1z o T + g1z
1 + MBGrowth; /100 0 0 0 G Amy G

where the monetary base growth observable and all money growth related parameters are omit-
ted in the conventional estimation. We set the federal funds rate to missing from 2008q4 through
201593 in both estimation exercises. G is the steady state gross money growth rate. Table 3
provides the calibrated parameter values, prior distributions for the estimated parameters, and
estimated posterior distributions under each monetary block specification.

We estimate the model under each specification in two steps. First, we compute estimates
of the posterior mode and parameter covariance matrix using Monte Carlo optimization. Next,
we generate a Monte Carlo Markov Chain (MCMC) of 500,000 parameter draws initialized at
this mode using the Metropolis-Hastings sampler. We report the posterior mean, median, and
90% confidence interval for parameters from the MCMC, dropping the first 125,000 draws. We
tune the j-scale parameter prior to generating the MCMC to target an acceptance ratio of 33%.
The acceptance ratio for the MCMC from the conventional estimation is 33.2% and 31.5% in
the money market estimation. Table 3 presents the prior distributions and estimated posterior
distributions of all estimated parameters under each specification.

The conventional estimates are consistent with the past literature. Prices are fairly sticky
with an implied average fixed price duration across firms of approximately 7 quarters at the
posterior mean. There is modest habit formation (h ~ 0.21). Interest rate policy responds more
sensitively to inflation (1.3 + 1.6 = 2.9) than real output growth (1.3 + 0.6 = 1.9). The mean
annual productivity growth rate is 1.7%. The mean annual inflation rate is 3.4%.

The money market estimates differ from the conventional estimates. Prices are nearly four
times as sticky with an implied average fixed price duration across firms of approximately 26

quarters at the posterior mean. There is over three times as much habit formation. Interest

6. Monetary base growth exhibits significant seasonality prior to the beginning of the Fed QE programs in 2008.
For this reason, we seasonally adjust the monthly monetary base series up to September 2008. We then keep the
end-of-quarter monthly level of the seasonally adjusted data and merge this with the raw end-of-quarter monetary
base measures beginning in 2008q4. We compute the growth rate of this monetary base variable. We then convert this
to per capita terms by subtracting off the 8-quarter moving average of population growth as with real GDP growth.
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rate policy approximately follows a nominal GDP target (¢ + ¢n = ¢y + ¢y ~ 1.7+ 0.7 = 2.4)
with a more persistent interest rate rule than the conventional estimates. The mean annual
productivity growth is 2.0% and mean annual inflation is 0.4%. The implied monetary policy
shock variability, o;, is nearly eight times higher under the money market specification of the
model than the conventional estimates.

Figure 3 plots the data and filtered levels of the observable series at the posterior median
across the two monetary block specifications. As documented in Hirose et al. (2022), the con-
ventional estimation exercise fails to match the duration of the binding PRLB constraint. The
notional rate returns to near-zero in 2011, generating a preemptive and persistent lift-off in the
model by the end of 2011, contrary to the data. Under the money market interpretation of the
model with observable money growth, the model generates a long and persistent binding PRLB
constraint that matches the data. Furthermore, our estimates are consistent with counterfactual
federal funds rate estimates from Rich (2022).”

5 CoONCLUSION

The NK model is central to current monetary policy and business cycle analysis. Researchers
close this model by imposing an interest rate rule for monetary policy. This paper has provided
an alternative interpretation of the NK model that treats the interest rate equation as an equilib-
rium condition derived from a money demand specification. The implications are significant. In
a world characterized by so-called unconventional policies consisting mainly of large-scale asset
purchases and the nominal interest rate stuck near the zero lower bound, it might be helpful
to think about monetary policy in terms of the path of money growth. In that context, there is
nothing unconventional about large-scale asset purchases except potentially for the magnitude.

However, the difference is not limited to the interpretation of and intuition about monetary
policy. Focus on the nominal interest rate has also led to considerable consternation about the
effectiveness of monetary policy at the zero lower bound and the possibility of indeterminate
equilibria. Our money market interpretation of the NK model not only helps one think through
the intuition of a monetary policy based on the path of money growth but also illustrates that
concerns about equilibrium indeterminacy are overblown. Nonetheless, our model speaks to
policy limitations at the zero lower bound. However, in our case, the issue is determining whether
targeting the output gap or inflation is more important.

In short, this paper outlines the limitations of conventional interpretations of the NK model.
Since the standard NK model is isomorphic to the money market specification, it is unclear

whether the conventional interpretation or the interpretation presented here is correct. How-

7.Rich (2022) estimates a Markov-switching Bayesian VAR with quarterly US data from 1960 to 2018. His coun-
terfactual provides an implied federal funds rate series estimate absent a regime switch away from a “scarce outside
money” (outside money meaning monetary base) regime coinciding with the onset of the PRLB. That is, he estimates
an implied path for the federal funds rate absent the introduction of QE-type programs as if the PRLB did not exist.
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F1iGURE 3: FILTERED OBSERVABLE SERIES, 2006 — 2019

: 1.5
1 /_\ 1
2 “ .../\
fg 0t h — £‘§ 0.5
g, 1% i & Or
S =
-2 1 Ny, &) 05
=] 1 /AN =
g 27 1 s 1 & 1t
I 1 /AW 8
"-—5 3F 1 ! Data -1.5 1
- 1 N Conventional !
-4r f L = = Money Market |- -
- : : -2.5

[=4
(=)
(=3
0
f=}
SF
S
(=2}
oo
[}
(=]

06 08 10 12 14 16 18 20

1 100
=
0.8 < 80f
0.6 : 0
. S 60f
g 2
S 04 & 40
k= 2
0.2 £ 20f
=l
=}
0 =
-02 — : : : : -20 S — : : : :
06 08 10 12 14 16 18 20 06 08 10 12 14 16 18 20

Notes: Data and filtered observable series in quarterly percentages from estimating equations (4.1) — (4.10) with either
conventional interest rate policy, equation (4.12), or the money market interpretation of the model with exogenous
money supply policy, equations (4.13) and (4.14), imposing the PRLB on the interest rate, equation (4.11). The federal
funds rate data is censored to missing from 2008q4 to 2015q3 in each estimation. The model dictates the length of
the binding PRLB constraint spell given the notional rate dynamics. The models are filtered at the posterior means

reported in Table 3. The conventional estimation exercise does not include the monetary base growth observable.
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ever, considering that the money demand interpretation generates important policy implications
absent from the conventional interpretation, it should give some pause to those wedded to the
conventional interpretation of the model. Furthermore, model estimates under the money mar-
ket interpretation match the duration of the binding PRLB constraint in the data, counter to
model estimates with conventional interest rate policy. Although future research may provide
alternative model specifications to generate a long PRLB period in model estimates with conven-
tional interest rate policy, we see this as further evidence that researchers should consider our
interpretation of the NK model. Contrary to the story often told, our model suggests that there

might be a role for money in monetary policy analysis after all.
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Appendix

A  DERIVING THE IS AND PHILLIPS CURVES IN THE TEXTBOOK MODEL

The private economy equilibrium conditions in the textbook New Keynesian model, approx-
imated about a zero net inflation steady state, consist of the following equations:

(A.1) 0 =0 (ct —Eicry1) +ir — Bymygq
(A.2) Wy = Ny +0cy

(A.3) Wy = mcy + a4

(A4) 1t = kmcy + BE; T4

(A.5) Yr = a;+ny

(A.6) Yt = Ct

where c; is aggregate consumption, i; is the nominal short-term interest rate, 77; is the inflation
rate, w; is the real wage, n; is labor, mc; is real marginal cost and acts as a time-varying labor
wedge in the economy, and y; is aggregate output. These equations, in order, are the consumption
Euler equation governing the consumption-saving decision of the household, labor supply, labor
demand, optimal goods price-setting, aggregate output, and the aggregate resource constraint.
Variables are in terms of log-deviations from steady state, except the interest rate which is in level
deviations from steady state making use of the approximation for a gross nominal interest rate,
R, In(R¢) —In(R) =~ (Ry — 1) — (R —1) = Ry — R = iy and the inflation rate which is simply the
net inflation rate when considering the same approximation and that steady state net inflation
is zero. o is the inverse elasticity of intertemporal substitution, # is the inverse Frisch wage
elasticity of labor supply, « is the marginal cost elasticity of inflation, and B is the discount factor.
a; is a productivity shock and acts as the supply shock in the economy.

To derive the Phillips curve, consider a labor market equilibrium and substitute labor and
consumption from the labor demand condition to write marginal cost in terms of aggregate
output and productivity:

mey = (0 +17)ye — (1+1)ar

From the optimal price-setting condition, in the flexible price case, x — oo, marginal cost is fixed.
Letting star super-scripts denote the flexible price economy, the flexible price level of output

follows:
. 1+7

yt_ﬂ-i—(f

az

and the labor market equilibrium condition can be written in terms of the output gap, x; =
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yt — y;, between the sticky and flexible price economies:

me; = (0 +17)x;
Substitute marginal cost in terms of the output gap from the optimal price-setting condition:
(PC) e = k(0 +1)x; + BE T4

To derive the IS curve, consider the consumption Euler equation in the flexible price economy,

defining the natural rate of interest as the risk-free real short-term rate in this case:
0=0(y; —Ewyipq) +1¢

where I have made use of the aggregate resource constraint. Subtracting this from the consump-
tion Euler equation in the sticky price economy, again making use of the aggregate resource
constraint in the sticky price case, defines the IS curve:

1 .
(IS) Xt = lEtxtH — ; (Zt — ]Etﬂt+1 — 1’?)

What is the natural rate of interest? Substitute output from the consumption Euler equation in
the flexible price case and assume that the productivity shock follows an AR(1) process with the

AR coefficient p,. The natural rate is given by:

1+7
o+n

ri =—0(1—pa) a
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B PRroor or PROPOSITION 1.

The NK model with money demand that is observationally equivalent to inflation-targeting
interest rate policy absent money growth fluctuations is given by (IS), (PC), (QE), and a money
supply specification. Consider the case where money growth responds to inflation and output
gap variability:

Amy = UrTT + PaXy

The NK model can be written as:

lEt T’t

™I
|
2
S
+
=
~—
L
—
2 A
.
|
—
Sl e
.
*

T+l | _ ) B
ti1 Lk 1) 142 (M

which has a solution so long as both eigenvalues, A; and A, of M lie outside of the unit circle:
M=—1)A—=1)>0=>MA— (M1 +Ay) > -1

where:

Aids = det(M) = = + = <K<Uﬁ+'7> _ VQ> N K(Uﬁim <1 e ;)

)\1+)\2:trace(M):+1_|_1<K(0—‘B_|_;7)_‘uQ’(>

implying the determinacy condition:

(5 R () )

p 0
which simplifies to:

0 p

ﬂx<W(1—Q—Vn)
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C MICRO-FOUNDING THE NON-MONETARY BLOCK IN THE ESTIMATED MODEL

The household maximizes lifetime utility:

Crvj th+j—1 Attj 1= nl+17
Aty Appj1 | Aryj _9 t+j

1-0 1+7

Er ) By
j=0
where the intertemporal preference shifter, ;, evolves according to:
0y
Pr = "y exp (opey,r)
subject to:
Ciyj = Wigjnpj+ Rt+j—1Ht_+1]-5t+j71 + Diyj— St
with first-order conditions with respect to C;, n¢, Sy
G, G (A 7 44
= — —h A
He =P <At A1 \ A '
lPtQTl? = Wt}lt
e = PEipa RIS,

Household equilibrium conditions where lowercase variables denote stationary variables:

a
wy = Gn? (ct — th—1>

Zt
_ha \Y
1 — gE, Y cr1 = ho Ry
- ﬁ t th,l H
Pt Ct—h=—~ Zep1l i

The production sector is standard to NK models with Calvo pricing. Retailers indexed by j &€

[0,1] face the following firm-specific demand and use a linear production technology:

. . P(j)\ ¢
ye(j) = Am(j) = (;ﬁ”) vt
t
where productivity growth follows a stochastic process with trend growth:

Ay
Ai1

=z; =z 7P2l" exp (0z€24)
Cost minimization by retailers implies labor demand follows:

Wt = Atht
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For price-resetting retailers, price-setting follows:

s Ct — hc%l 7 P, i P . h
ma.XIEt Z (.B(P) wl;js <0t+ hcis 1) A [Ptt(js) _mCHS] (Ptf(jj) Jree

Pf (]) 5= Ztts

With the first-order condition:

=B Y (50 ros (s =02 ) [0 P emar ()] (52) v

The optimal reset price, Ps(j) = Py, follows:

e EiXolo(Be) ey (Ct+s —hee 1) mMCt s Py Yits

-1 0o 1)
y Et Y320 (BP)” rss (Ct+s —h Zﬁl) Piid Ytss

Py =

Written in terms of inflation, this simplifies to:

S gt
ht

gt =Py (ct — thl> mcyyy + BOEJTE, 18141

Iy =

-1\ 7 _
hy = (Ct - h;tl> Ye+ .B@Efnfﬁhtﬂ

Aggregating across retailers implies aggregate output, price dispersion, and the aggregate infla-

tion rate follow:

Tlt —
Y = At t
I—I €
p=(=¢) (gt ) +omtises

1- 1—
=09 +¢
The non-monetary block stationary equilibrium conditions can be written as:

-0
o Y
Ay = (yt hizt >

wr = 0 (Atyt)UA;l

1= ,B]Etl/]t“ Aty Ry
Y Ar zeallig
8t
I
= 1 hy

gt = 1Pt/\twtyt + BPEIT; 1 8t+1
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hy = PiArys + BPEAT, T hy

I \°© .
Ar=(1=¢) () +¢LA
y

I =(1-¢)IL, +¢

Log-linearized, ¢; = Inc; — Inc, around a (potentially) non-zero net inflation steady state:

(C.1) (z—h) Ay = =0 (2§ — i1 + 121)
(€2 @ =1 (Bi+51) = A
(C.3) R = ($r — Estprin) — (IEtXtJrl - /A\t) + EiZii1 + Bl
(C4) ﬁ#,t =11 + S — hy
(€5) G = (1= BgIT) (fu+ @1+ 51+ Ar) + BOIT (eBilTip1 + Eiira )
(C6) o= (1= 1) (§+ 5+ A1) + BT (e = DEMlys1 + Eifisn)
_ T\ ! o
(C.7) I =(1-¢) <H> ey
#
(C.8) Ay = elly — e (1 — @IT) [y + PITA;_4

which correspond to the equations in Section 4 where lowercase variables in the text denote

log-deviations from steady state making note that: i; = ﬁt, T = ﬁt, Tyt = ﬁ#,t, and ¢; = Kt.
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