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Abstract

I examine how money and trend inflation shaped US macroeconomic dynamics during the Great Inflation.
I develop a business cycle model with positive trend inflation where money is allowed (but not required)
to play a role in determining the equilibrium values of inflation and output through non-separable utility,
adjustment costs for holding real balances, and the monetary policy reaction function. The Taylor principle
changes in this environment. Targeting money guarantees price determinacy even with trend inflation,
but these results are sensitive to the inclusion of non-separability and portfolio adjustment costs. The
framework is combined with Greenbook data that detect the role of money in the policy reaction function.
The response to money was likely not sufficiently strong to complement the reaction to inflation and
counteract the high trend inflation observed during the pre-Volcker period, which most likely led to price
indeterminacy.
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1. Introduction

What was the role of the changing impact of monetarism on policy behavior? How did these
changes shape US macroeconomic dynamics during the 1970s? To examine these questions, I
develop a business cycle model where money is allowed (but not required) to play a role in deter-
mining the equilibrium values of inflation and output. Nonzero steady-state trend inflation is
incorporated to account for the evolution of inflation observed in the data.

I use numerical techniques to compute the determinacy conditions required for a rational
expectation equilibrium (REE). These conditions illustrate regions where the central bank can
specifically rule out self-fulfilling expectations-driven fluctuations, that is, satisfy the “Taylor prin-
ciple.” As noted by Kiley (2007) and Ascari and Ropele (2009), an increasingly higher response to
inflation is required by the central bank to achieve a determinate REE for even low levels of trend
inflation. I show that augmenting a standard interest rate rule with money enables the central
bank to achieve price determinacy for trend inflation as high as 5% in the New-Keynesian trend
inflation model compared to below 2% in a Taylor-type policy rule. The full model with money
and varying levels of trend inflation reduces the likelihood of price determinacy even when the
central bank responds reasonably strongly to money growth.

To empirically extract the historical likelihood of determinacy, I estimate a monetary policy
reaction function for the Fed before and after Volcker’s disinflation. I use novel real-time data on
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money aggregates to estimate this rule, an approach in line with Orphanides (2001, 2002, 2003),
Boivin (2006), Coibion and Gorodnichenko (2011). My main empirical results suggest that money
aggregate M1 entered the Fed’s reaction function during the pre-Volcker period and became sta-
tistically indistinguishable from zero starting Volcker’s disinflation. These results are consistent
with those offered by Sims and Zha (2006), Castelnuovo (2012), in that money played an impor-
tant role in shaping monetary policy during the pre-Volcker era. Monetary policy changed in
other important ways: while the response to inflation was statistically indistinguishable from the
threshold value of one in the pre-Volcker period, it became larger in the post-Volcker sample; the
coefficient on output gap is gradually reduced over time, while policy became more inertial.

I combine the empirical distribution of my parameter estimates of the policy rule with a cali-
brated New-Keynesian model to test the likelihood of price indeterminacy under various levels of
trend inflation. Even though money aggregate M1 enters positively and significantly in the Fed’s
reaction function, the response was likely not sufficient to insulate the US economy from self-
fulfilling fluctuations during the pre-Volcker era. The change in the response to inflation and the
reduction in trend inflation explain almost entirely the move from an indeterminate region to a
determinate one. The likelihood of a determinate equilibrium is low when money is allowed to
enter via non-separability and portfolio adjustment costs. The case for indeterminacy during the
pre-Volcker period weakens when non-separability between consumption and real balances, and
portfolio adjustment costs are excluded from the model, due to the large estimated response to
money. The findings suggest non-separable utility, adjustment costs, and money in the policy rule
within a positive trend inflation environment are important to fully capture the role of mone-
tarism in shaping macroeconomic dynamics during the pre-Volcker period. The overall findings
generally support the conclusions of Clarida et al. (2000) and Coibion and Gorodnichenko (2011)
by specifically including a role for money.

The paper contributes to three strands of the literature. I generalize the findings of Keating and
Smith (2013) by including a role for trend inflation and by allowing money to play a role, extend-
ing the work of Kurozumi (2006) who studies the role of non-separability in driving determinacy
in a model without trend inflation. The results extend the theoretical literature on price-level
determinacy (Taylor (1999), Bullard and Mitra (2002), Woodford, (2011), and Gali, (2015)).

The key empirical innovation rests on the use of real-time data on money aggregates,
an approach in line with Orphanides (2001, 2002, 2003), Boivin (2006), and Coibion and
Gorodnichenko (2011). Because money growth aggregates are not readily available at the meeting
level, I compile data on money aggregates M1 using the briefing forecasts prepared for the FOMC,
included in the Greenbook. The results formalize the role of money in the FOMC policy reaction
function (Sims and Zha (2006), Chowdhury and Schabert (2008), Li et al., (2020), Castelnuovo
(2012), present a description of the monetary reaction function during the Great Inflation using
real-time data (Clarida et al. (1998), Orphanides, (2001, 2002, 2003), Boivin, (2006), Chowdhury
and Schabert (2008), Coibion and Gorodnichenko (2011), Hirose et al. (2020), Li et al. (2020)), and
formalize the role of money in describing historical US monetary policy (Ireland (2004), Favara
and Giordani (2009), Canova and Menz (2011), Qureshi (2016, 2018, 2020), Li et al., (2020)).

The conclusions explain the dramatic rise in inflation experienced by the US economy during
the 1960s and 1970s, followed by a substantial reduction in the 1980s. Clarida et al. (2000) suggest
that the inability of the US Federal Reserve (“the Fed”) to raise nominal interest rates more than
one-for-one with inflation—that is, to satisfy the (Taylor (1999)) principle—induced self-fulfilling
expectations-driven fluctuations, causing indeterminacy, which was reversed under the chairman-
ship of Paul Volcker in 1979. Their findings are sensitive to the data employed: Orphanides, (2001,
2002, 2003) using FOMC meeting-level data does not detect large changes in the Fed’s response
to inflation when comparing the period before and after Volcker’s appointment. Combining the
trend inflation framework of Kiley (2007) and Ascari and Ropele (2009) with meeting-level data,
Coibion and Gorodnichenko (2011) find that the policy response combined with positive trend
inflation recovers the main results of Clarida et al. (2000). Sims and Zha (2006) include money in
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their empirical framework but do not account for real-time data or trend inflation, both of which
are central to generating the indeterminacy outcomes of Coibion and Gorodnichenko (2011).

The next section outlines the model. Section 3 presents the determinacy conditions implied by a
monetary policy rule with money growth. Section 4 presents empirical evidence of money growth
in the reaction function and combines these results with the analytical framework to study the
implications on price determinacy. Section 5 concludes the paper.

2. The model

I derive a New-Keynesian model with positive trend inflation developed by Ascari (2004), Ascari
and Ropele (2009), Ascari and Sbordone (2014) with a model where money is allowed (but not
required) to play a role (Nelson (2002), Ireland, (2004), Andrés et al. (2009)).

2.1. Description of the non-linear DSGE model

The household portion of the paper works with the DSGE model developed by Nelson (2002),
Ireland (2004), Andrés et al. (2009). The economy consists of a continuum of households, with
the representative household maximizing the following objective function:

1
N

o
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max E far | W Copy — ) — —— — G(eo 1
Ci-NLM1By Ogﬂ { ( h etPt> l+¢ ()} W

where C,, is the quantity consumed of the differentiated goods and allows for (internal) habit

formation (h), C;j = c%’ to account for the gradual response of output to monetary policy
t—1

shocks (Fuhrer (2000)), real money balances are denoted by %’, and N; denotes labor hours or
employment. Moreover, a; is a preference shock, ¢ is a shock to household’s demand for real bal-
ances, f € (0, 1) is the discount factor, W can be interpreted as the intra-temporal non-separability
between consumption and real balances, making it possible to test the relevance of an explicit
money-balance term in the equations determining supply and demand decisions, and ¢ represents
the inverse of the Frisch labor elasticity.

The term, G(e) = g[exp{c<$ﬁi_l - 1)} + exp{—c(#ﬁ;_l — l)} —2], denotes portfo-

lio adjustment costs, with ¢, d > 0. As noted by Andrés et al. (2009), the functional form for
portfolio adjustment costs is modified to include real balances and applied to a model without
“limited participation” features. The presence of portfolio adjustment costs implies substantial
effects on money demand dynamics by making the demand for money a forward-looking equa-
tion, formalizing that expectations of interest rates matter for money demand, lagged dependent
variable enter positively in the money demand function, and distinguishes between a long-run
interest elasticity of money demand.! Maximization of the utility function in equation (1) is
subject to a sequence of flow budget constraints given by:

M1+ B1 + WeNe + Te C+ By /iy + M; )

Py Py

fort=0,1,2,--- where P; is the price of the consumption good, W; denotes the nominal wage,
B, represents the quantity of one-period, nominally risk-less discount bonds purchased in period
t and maturing in period t 4 1. Each bond pays one unit of money at maturity and its price is 1/i.
T; represents lump-sum additions or subtractions to period income.

The supply side of the model follows closely the positive trend inflation framework developed
by Ascari (2004), Ascari and Ropele (2009), Ascari and Sbordone (2014). The final good, Y3, is
produced by a perfectly competitive firm that aggregates intermediate goods (Y;;) produced by
a continuum of monopolistically competitive firms. The optimal demand for intermediate inputs
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by final goods producer is equal to Y; = (P;¢/P;)~°Y;. Aggregate consumption equals production

of final goods:
U e 7o
Ci=Y = [ / Y,/ dii| €)
0

where ¢ indicates the elasticity of substitution among the intermediate goods. The production

function of intermediate goods producers is Y;; = th “, where z; is an exogenous and station-
ary process for the level of technology. Based on Calvo (1983) in each period an intermediate firm
can re-optimize its nominal price, denoted by P}, with a fixed probability 1 — 6, while with prob-
ability 6 it can index its price to the previous period’s inflation rate. P;; = ntg P; ;1 which is based
on Christiano et al. (2005), where the parameter ¢ € [0, 1] indicates the degree of price indexation
to past inflation, and 7ty = P;/P;_; is the inflation rate. The firm indexes inflation to past inflation
only. The problem of the firm i, which sets its price at time £, is to choose P}, to maximize expected
profits:

0 peIe . W =
; L =1 t—1 t+ t+
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pary t+ Prij \ Zitj

The firm maximizes revenue subject to the following demand constraint:

P L N\
1 j—1
Yittj = (—l d ) Yit (5)

Prij

Dipyj= ,31 7, is the stochastic discount factor, with A1 denoting the ¢ + j marginal utility of
consumption and IT;; indicates the cumulative inflation between periods t and ¢ + j:

1 if j=0

iy = ; ©
(@) y <£‘—ﬁ) o x <pifl> if j>0

1
= o

The real marginal cost of firm i is MC;j; = Z{Tawt /P[(Pit/Py)~ Y] T2, which depends on
the quantity produced by the firm and features decreasing returns to scale. Since firms charging
different prices would produce different levels of output, they have heterogeneous marginal costs.
Prices are staggered because firms re-setting prices in different periods will set different prices.
Then, in each given period ¢, there will be a distribution of different prices. Price dispersion results
in an efficiency loss in aggregate production.

1 1 p; Y, Y, ﬁ
Ni= [ Nldi= / Poe \ ™ (Xt =s( = 7
t /0 it A Pt 1 Z St Z (7)

Schmitt-Grohé and Uribe (2007) shows that s; is bounded below at one and represents
the resource costs (or inefficiency loss) due to the relative price dispersion under the Calvo
mechanism: for higher value of s¢, more labor is needed to produce a given level of output.

2.2. The symmetric equilibrium

I derive the log-linearized version of the DSGE model with money and trend inflation.?
Equation (8) is the Euler condition, which arises from the household’s optimal inter-temporal
allocation of wealth and captures the negative relationship between output and the real-interest
rate. This is determined by the difference between the nominal interest rate, ;t; and expected
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inflation, E;fT441. Due to the inter-temporal substitution effect, higher real returns induce greater
savings, depressing aggregate demand. Expectations of positive deviations in output expand cur-
rent output. In the case when v, # 0, real balances enter the IS curve both contemporaneously, as
well as in expectations. Therefore, non-separability across consumption and real balances makes
the marginal utility of consumption a function of the amount of real balances optimally demanded
by the households. This effect is amplified due to habit formation in consumption, which links real
balances and lagged consumption.

5 — ¢ . Bor+ o . 1 N R Bo1 .
7= é1+ ¢2yt_1 * 1+ ¢ Fiprer = d1+ (lt _Eth) B +¢2Etyt+2
+ Ve iy — 2) — Yo (1 + Bh) Gt — )

R L R AT 0 S R
h 1 —Bhpa) (1 — pa)
n V2Ye) (trss — 2e02) + (1= Bhpa) (1 — pa) t

V(1= Bh)(¢1 + ¢2) (1= Bh) (¢ +¢2)

The money demand equation (9) features output lags and leads, contemporaneous opportu-
nity cost of holding money, and expected future real balances, with the coefficients y; and y,
representing the long-run real-income and interest rate response parameters.> Allowing for non-
separability across real balances and consumption gives real balances an explicit role in both
the output and inflation equilibrium relationships. However, money continues to exert this role
and remains dynamic even in the presence of separability (1, =0) owing to nonzero portfo-
lio adjustment costs (8¢ > 0). A key difference between the money demand curve derived here
and those considered in Ireland (2004), Andrés et al. (2009), Castelnuovo (2012) is the inclusion
of trend inflation, which directly affects the coefficients of the money demand curve, including
the semi-elasticity of output and interest rates. High trend inflation has a direct bearing on the
semi-elasticity of interest rate due to its effect on ;.

[1+80(1 + B)] ity = Wijie — vaie + [12(F — 1) (hpo — 1) — hy1] -1

_ R N VYa(r — 1) Bhy N
— -1 E I} _ = 4§ E
v2(r — 1) Bd1Etyt41 + Some—1 + |: wl(l —,Bh) + 0,3:| Mty ©)
(r—1) Bh(1 — pa) . _ V2 Bhpe «
- 1= Bh Vzat-l—{l—(r—l)yz[—wl (l—ﬁh)_'_lj“et

Turning to the supply side of the model, the positive steady-state inflation rate, I, affects all
coefficients in the Generalized New-Keynesian Phillips Curve (GNKPC) in equation (10). Two
effects come into play in the positive trend inflation environment that are not present in the text-
book version of the New-Keynesian model. When intermediate firms are free to adjust prices, they
will set higher prices to try to offset the erosion of relative prices and profits that trend inflation
automatically creates. Second, expectation of forward-looking terms is progressively multiplied by
larger discount factors. This means that optimal price-setting under trend inflation reflects future
economic conditions more than short-run cyclical variations and price-setting firms become more
forward-looking. These two features have broad consequences for macroeconomic dynamics.
Kiley (2007) and Ascari and Ropele (2009) show that positive trend inflation substantially alters
the determinacy region, requiring a larger response to inflation even for trend inflation levels as

low as 2%. Indexation, A; = 7y — o7;— mitigates these two effects.
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In equation (10), the marginal cost, nic;, which includes real balances due to the assumption of
non-separability in the utility function, can be written as:

Y2 N om

mey = (x + ¢2)5’t - ¢15/t—1 - ,3¢1}A/t—1 - m(mt — &) -
h ~ ~ h 1-—- al a
+ %(Mtﬁ-l —ery1) — ﬁl(——ﬂlf)at — (14 )z

The model with trend inflation and money is markedly different from the models that include
only trend inflation or only money. In the current specification, real balances affect inflation
directly and through marginal cost because real balances affect the household labor supply deci-
sion and, hence, in equilibrium, real wages. An alternative interpretation of money in the NKPC is
the cost channel of inflation mechanism, with money acting as a proxy for interest rates (Ravenna
and Walsh (2006), Andrés et al.(2009), Castelnuovo (2012), aligning the model with the cost chan-
nel and trend inflation dynamics discussed in Qureshi and Ahmad (2021). The Phillips Curve
is also affected by an auxiliary process, 7; which also includes forward-looking inflation and
therefore, also participates in the determination of inflation.

. 1—Bhpa\ . V2 I Bhy . .
Tr=A [(—1 T )at-l- TR _ﬁh)(mt—et) T - ph _ﬂh)(mt+1 —et+1)]

+ ABOLEGr1 + (1= 2)i + d17e—1) + (1 — A)[Ertir + (6 — DA14]

The NKPC is influenced by the price dispersion process, 5, that arises due to the assumption of
Calvo pricing. Positive trend inflation implies that this term is relevant in the first order and affects
the evolution of the log-linearized inflation rate as follows:

(12)

R & ~ _ c(1-0)
St = l—QAt + 011 T« St—1 (13)
-

The model is closed by adding a monetary policy reaction function to describe the actions of
the central bank. I consider a specification that includes money growth in addition to the fea-
tures of the baseline Taylor rule that typically include inflation and the output gap. As argued by
Andrés et al. (2009), an interest rate rule that includes money growth (or the change in real bal-
ances) might be rationalized, as in Svensson (1999), as part of an optimal reaction function when
money growth variability appears in the central bank’s loss function. Under non-separability, as
the central bank minimizes its loss function, at least with respect to inflation, its optimization
problem implies that money enters the monetary policy rule automatically (see, for instance, the
discussion in Woodford (2011)). S6derstrém, (2005) demonstrates how a target for money growth
can be beneficial for an inflation-targeting central bank acting under discretion. Alternatively, the
response to money might be rationalized by money’s usefulness in forecasting inflation. A simi-
larly specified rule has been estimated in Ireland (2004), Andrés, et al. (2009), Canova and Menz
(2011), Qureshi (2016), Li et al. (2020), Qureshi (2020), Castelnuovo (2012) that captures the
forward-looking behavior of the Fed can be written as follows (with j denoting forecast horizons):

https://doi.org/10.1017/51365100522000633 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100522000633

Macroeconomic Dynamics 2171

iy = prii—1 + pair—2 + (1 — pry — 2,0 [V tExTtetj + Ut EVey + Yyt Eeflet] + conse + €
(14)
forj€{0,1,-- -}, & is an error term, and the time-varying constant term includes the (possibly

time-varying) targets for inflation (77;), output gap (), money growth (ft;), and the real-interest
rate (r¢), given by:

consg = (1 — p1r — P2,)[(1 — Y )7 + 10 — Yt Ay — VY tVr) (15)

2.3. Model parameters and calibration

The compound parameters V1, V2, @1, ¢2, S0, A, x, ©, I, Q, y1, and y, are convolutions of
deeper parameters, including the structural parameters and possibly time-invariant parameters,
such as trend inflation. Note first that gross inflation, M=1 (or full indexation, ¢ = 1) shuts down
the trend inflation portion of the model through the parameters A, I', 2, and ® that enter the
GNKPC and returns the model of Andrés et al. (2009). Setting non-separability yr, = 0, portfolio
adjustment costs 8o = 0, and 1/, = 0 shuts down the money portion of the model (model without
money) and returns the frameworks of Ascari et al. (2011). The parameters y; and y; are the
semi-elasticity of output and interest, respectively. Shutting down both trend inflation and money
features returns the textbook New-Keynesian model presented in Gali (2015).

v —lpl " VY, m
1=—: Y m
e yhy e
(I/f—l_l)h 1//_1+(1//_1—1)ﬂh2—ﬂh
NE=TT $r=
1—Bh 8k
A=1-gpneE-nu-0 Lot
l—«
_y 1 ~ . v,
YI=72 |:r41//_1—,3h+(r_1)¢2 mE—1)= — _
e 11— D1—-0) ) v
- _[ge-na-o) _ 7%=
F_<1+1_a> 1 — OT1e—D1—0) ®—[1'I o1 ]
Q 61:[8(1—9) QI:IM oT1e—Hl—0) ; 2d
= I—a — — 1—«a - __
<1 ) 1 —pmeE-—Hi—o) 0= Ty

To focus on the consequences of money growth targeting in this framework, I rely on numer-
ical techniques using calibrated versions of the model, enabling me to compute the determinacy
regions required for a rational expectations equilibrium (REE). In the numerical exercises, I vary
the level of trend inflation to extract the role of policy in determining a REE, further generat-
ing determinacy regions for various features of the model with money. Therefore, determinacy
in this model extends the baseline case of the model presented in Gali (2015) and builds on the
role played by trend inflation in altering the determinacy region—as noted in Ascari and Ropele
(2009)—by including a prominent role for money.

For the numerical exercises, two sets of parameters are calibrated.* The first column in Table 1
includes the values used for the standard model without money, while the second column presents
the calibration of the model with money. The calibration for the New-Keynesian model is close
to those used in Coibion and Gorodnichenko (2011), while the model with money relies on the
values estimated in Castelnuovo (2012).
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Table 1. Model calibration

Definition Parameter Standard New-Keynesian model Model with money
Discount factor B 0.99 0.99
'(v;apité['-oﬁtpvutéla,‘c,vtic'ivtyv' o e
T
E|a5t|c|ty ofsubsntunonamong|ntermed|ate goods o
e [a'borﬂelésﬁcit'y e, B> St (p, e e e L
e Utmty e e e e % s
Moneyoutputnonseparab|[|ty e wz .
b - e , e e e o
L
sem|e|a5t|c|ty(output) SO N . L
éen{i_ve'laéficity'(vint'ére'gtvrétés)” . ,.yz, e s
Portfonoadjustmentcosts ST .5.0. s

Notes: This table presents the calibration of the baseline New-Keynesian model with and without money. The shock parameters are all one-unit
innovations.

3. Equilibrium determinacy under money aggregate targeting

I illustrate the price-level determinacy properties of the monetary policy rule when the central
bank responds to inflation, output, and growth in monetary aggregates. I focus on numerically
evaluating determinacy under the following four model specifications with trend inflation but
no money (Figure 1); trend inflation and non-separability between consumption and money
(Figure 2); trend inflation and portfolio adjustment costs (Figure 3); trend inflation and the full
model with money (Figure 4).

3.1. Responding to inflation and output gap

To first connect with the benchmark literature, assume that the monetary authority only responds
to inflation and the output gap. The familiar policy rule can be written as:

iy = Y Eiiryj + UEefis (16)
As discussed in Woodford (2011), Gali (2015), the special case of the contemporaneous ver-
sion of the feedback rule (when j = 0) satisfies the Taylor principle when ¥, + #wx > 1, where

« often represents the coefficient on the output gap in the standard NKPC. In the event of a sus-
tained increase in the inflation rate of 7w percent, the nominal interest rate will eventually be raised
by more than 7 percent, sufficing to determine an equilibrium price level. To eliminate the possi-
bility of sunspot fluctuations, central banks must raise interest rates more than one-for-one with
inflation. With j =1, as is the case considered in the following figures, an even stronger response
is required to sustain determinate equilibria.

I focus first on how trend inflation alters the determinacy condition the Taylor rule loses its
potency in environments with positive trend inflation, as emphasized in Hornstein and Wolman
(2005), Kiley (2007), Ascari and Ropele (2009), Coibion and Gorodnichenko (2011). With the
benchmark monetary policy rule, the minimum response needed by the central bank starts to
rise, even for low levels of trend inflation. Intuitively, the breakdown of the basic Taylor principle
is amplified due to the growing importance of forward-looking behavior in price-setting when
trend inflation rises. A positive relationship emerges between the level of trend inflation and the
minimum response to inflation required for a unique rational expectations equilibrium. The top
panel of Figure 1 illustrates this result for the model with trend inflation but without money.
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Response only to Inflation Response to Inflation and Output Gap
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Figure 1. Determinacy under positive trend inflation (model without money).

Notes: This figure presents the minimum response of inflation (y-axis) required to ensure price determinacy regions under
positive trend inflation (x-axis). Each response is conditional on various specifications of the feedback rule and the degree of
non-separability, described in the plot title.

The top left panels of Figures 2, 3, and 4 highlight the impact of including features from the
money portion of the model, such as with non-separability between consumption and real bal-
ances in the utility function (Figure 2), with portfolio adjustment costs (Figure 3), and with both
combined (Figure 4). Figure 2 demonstrates that the reduction in the minimum response to infla-
tion required for determinacy falls as the degree of non-separability rises under various levels of
trend inflation. Simply put, the real balance effect makes even a one-for-one rise in both expected
inflation and the nominal interest rate contractionary. This extra effect on aggregate demand is
implied by the reduction in real money demand when an increase in the nominal interest rate
occurs, exerting downward pressure on inflation and making price determinacy more likely. The
rise in the nominal interest rate implied by the policy rule increases the opportunity cost of hold-
ing real money balances and, therefore, tends to reduce aggregate demand and inflation. It is also
clear from the figure that these effects are even more pronounced when moving away from the
zero trend inflation condition. This result extends the analysis of Kurozumi (2006) who shows that
non-separability has implications for REE but only studies these features in a zero trend inflation
case.

On the other hand, Figure 3 confirms that introducing portfolio adjustment costs does not
affect the minimum response to inflation required to ensure the existence of a unique ratio-
nal expectations inflation equilibrium. However, when non-separability is introduced back in
the model, portfolio adjustment costs work to reduce the effect of non-separability in the
money demand relationship. Combined (Figure 4), the introduction of portfolio adjustment costs
counteract the effect of the non-separability between consumption and real balances as far as the
minimum response to inflation for a REE is concerned.
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Figure 2. Determinacy under positive trend inflation and non-separability.

Notes: This figure presents the minimum response of inflation (y-axis) required to ensure price determinacy regions under
positive trend inflation (x-axis). Each response is conditional on various specifications of the feedback rule and the degree of
non-separability, described in the plot title.

I next focus on the case of a policy rule which includes a nonzero response to output (¥, # 0)
under positive trend inflation. In the model without money, the top right panel in Figure 1 simply
replicates the findings of Kiley (2007), Ascari and Ropele (2009), Coibion and Gorodnichenko
(2011), in that positive values of trend inflation require an even larger response to inflation to
achieve determinacy since stronger responses to output gap can be destabilizing. This is because
the slope of the NKPC turns negative for sufficiently high levels of trend inflation. Even small but
positive responses to the output gap lead to a lower minimum response to inflation to achieve
determinacy, but stronger responses have the reverse effect and necessitate a larger response to
inflation to achieve price determinacy.

The top right panels of Figure 2 present the impact of non-separability between consumption
and real balances in the utility function. The destabilizing effect of the output gap under posi-
tive trend inflation is sharpened as the degree of non-separability rises. Even a small degree of
non-separability causes the Taylor rule to be much more likely to induce indeterminacy if this
rule responds not only to inflation but also to output or the output gap. Once the extent of non-
separability of the utility function surpasses a certain small threshold, the Taylor principle never
implies its long-run version and it becomes a necessary condition. In this environment, a larger
inflation coefficient than one, as implied by the Taylor principle, is required to sustain a deter-
minate REE when responding to the output gap. This condition worsens under positive trend
inflation. Figure 3 suggests that portfolio existence of adjustment costs does not affect the min-
imum response to inflation required for a determinate REE. As before, the combined effect of
portfolio adjustment costs and non-separability negligibly raises the minimum response to infla-
tion required for determinacy, given a fixed response to the output gap (x = 0.5). The effects are
noticeably sharper in a model with positive trend inflation.
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Figure 3. Determinacy under positive trend inflation with portfolio adjustment costs.

Notes: This figure presents the minimum response of inflation (y-axis) required to ensure price determinacy regions under
positive trend inflation (x-axis). Each response is conditional on various specifications of the feedback rule and the degree of
non-separability, described in the plot title.

Figure 3 augments this relationship by focusing only on portfolio adjustment costs and by set-
ting non-separability to zero. As before, two separate mechanisms are at play when determining
price-level determinacy: portfolio adjustment costs and trend inflation. While the degree of port-
folio adjustment costs does not affect the response to inflation without non-separability in utility, a
larger response to inflation is required for determinacy as trend inflation rises. Stronger responses
to the output gap have the opposite effect and require an even larger response to inflation. Figure 4
further highlights this finding by varying the degree of portfolio adjustment costs. Once the extent
of portfolio adjustment costs exceeds a certain small threshold, a larger inflation coefficient than
what the Taylor principle suggests is required for determinacy.

3.2. Responding to inflation and money growth

To analyze price-level determinacy conditions when the monetary authority responds to inflation
and money growth, the following policy rule is considered:

it = Y Eifirej + Y Eeflets (17)

Under this rule and with j =0, the condition ¥, + 1, > 1 is sufficient to ensure the existence
of a unique rational expectations inflation equilibrium in a zero trend inflation framework, as
discussed in Keating and Smith (2013). Responding sufficiently strongly to money growth (v, >
1 — ;) guarantees price determinacy even when the Taylor principle is not satisfied. With j=1
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Figure 4. Determinacy under positive trend inflation (full model with money).

Notes: This figure presents the minimum response of inflation (y-axis) required to ensure price determinacy regions under
positive trend inflation (x-axis). Each response is conditional on various specifications of the feedback rule and the degree of
non-separability, described in the plot title.

as considered in the figures, an even stronger response to the policy coefficients is required to
sustain determinate equilibria.

I generalize the properties of a policy rule with money to a model with positive trend infla-
tion. The bottom left panel in Figure 1 suggests that the minimum level of inflation response
needed for determinacy falls as the response to money growth rises. Responding to money and
non-separability supplements the Taylor principle (¥, > 1), which is not sufficient to establish a
determinate REE with positive trend inflation. Figure 2 demonstrates that the effect of respond-
ing to money is stronger in the presence of non-separability of the utility function between
consumption and real balances. Even lower response to inflation is required as the degree of
non-separability rises for a fixed response to the money growth (v, = 0.5).”

While the favorable properties of responding to money are still active, they become signifi-
cantly weaker under portfolio adjustment costs. As shown in the bottom left panel of Figure 3, the
minimum response to inflation rises as trend inflation rises even when the central bank responds
moderately to money. It is also shown that larger portfolio adjustment costs raise the minimum
response to inflation for a fixed response to money to achieve determinacy. The overall effect is
shown in Figure 4, where, under the baseline calibration of the model with money, the net effect
of both non-separability and portfolio adjustment costs raises the minimum response to inflation
required for an REE, as compared to the case without both these effects. While in the baseline
model without money, responding to money reduces the minimum response of the central bank
to inflation, its overall effect with both non-separability and portfolio adjustment costs raises the
minimum response for inflation required for a REE.
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3.3. Interest rate smoothing

The last set of theoretical results analyze the case in which the monetary authority responds to
money growth and partially smooths interest rates (with p; capturing the degree of smoothing in
equation (18)).

B = p1i—1 + VU BTty (18)

The bottom right panel in Figures 1, 2, 3, and 4 plots the determinacy regions for the simple
rule with a response to inflation and interest rate inertia under both zero and positive trend infla-
tion with non-separability (Figure 2), portfolio adjustment costs (Figure 3), and the overall effects
(Figure 4) when j=1. As noted by Coibion and Gorodnichenko (2011) and Woodford, (2001),
higher interest rate smoothing makes determinacy sustainable at lower levels of the coefficient on
inflation, ¥,;. The result is consistent with the idea that history dependence is particularly useful
in improving the determinacy properties of interest rate rules under trend inflation, aligning with
the observations made in Arias et al., (2020). Interestingly, these properties extend to the case
where there is non-separability in the utility function, between consumption and real balances,
and portfolio adjustment costs. In Figure 4, I note that a larger degree of non-separability and
portfolio adjustment costs assist with determinacy even at high values of trend inflation when the
policy rule is inertial.

4. Money in federal reserve policy
4.1. Full-sample estimates

To test the role of money in formulating monetary policy, the baseline empirical specification
for the Fed’s reaction function is a generalized Taylor rule, described in equations (14) and (15).
The specification builds on Clarida et al.(2000) and Taylor (1999) by including money in addition
to a response to inflation and the output gap. I further use real-time data to estimate the policy
rule. Because these data are (or were) available to the FOMC members at the time that policy
decisions are (or were) made, a burgeoning literature has argued that these data are better able
to gauge policy preferences compared to historical (or finally revised) data. My approach also
relates to the literature that has tested for money in policy (Andrés et al. (2009), Canova and
Menz (2011), Li et al. (2020), Castelnuovo (2012). In contrast to this literature, I use Greenbook
forecasts of current and future macroeconomic variables, prepared by staff members of the Fed
before each FOMC meeting, to estimate this version of the policy rule. Finally, while the real-time
data approach is in line with that used by Orphanides, (2001, 2002, 2003), Boivin (2006), Coibion
and Gorodnichenko (2011), they do not allow money to play a role in the reaction function.

Data on money aggregate M1 are collected using the Greenbook from January 1969 to January
2002.° The other policy variables are matched with the real-time data as follows: the interest rate
is the target federal funds rate set at each meeting, whereas the measures of the output gap and
inflation are based on Greenbook forecasts, as also presented in Orphanides, (2001, 2002, 2003)).
I also estimate the policy rule where 1/, is set to 0 (or omitted from the regression specification),
therefore, corresponding to a version estimated in Clarida et al. (2000).

Table 2 summarizes the benchmark estimates of the policy rule using various combinations
of the forecast horizon j. Columns (1) of each version present the estimates of the full policy
rule, while columns (2) present estimates of the simple Taylor rule (suppressing the coefficient
on money to zero). While M1 enters with the right sign, it is not statistically significant. The
coefficient on inflation varies across the forecast horizon considered with the best-fit version of
the policy rule—determined by AIC/BIC tests as done in Coibion and Gorodnichenko (2011)—
suggest a strong long-run response to inflation and a high weight on the output gap.”

While the evidence presented in this section does not detect the role of money in an estimated
version of the policy rule during the 1969-2002 period, the significance of this result may be

https://doi.org/10.1017/51365100522000633 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100522000633

2178 I. A. Qureshi

Table 2. Estimates of the policy rule (1969-2002)

Contemporaneous Forward-looking Mixed Mixed
rule rule rule-1 rule- Il
Parameter (1) (2) (1) (2) (1) (2) (1) (2)
Vit 1.22% 1.19* 1.56* 1.49*
IR ..(050)....” ..(050) e e oot (053).” (052)
1//,,t+1 [ P e ”195***”” ”134*** » .,155*** 150*** e e
(046)(045) (043)...... (042)
T ,(020) e .v(019) e e (017)” e (016) e
B (0 19) S (o 13) e e (0 23) I (0 21)
pl et 109***. ...v.114*** . ..,.104***..” 106*** .105*** 107*** . ””108***. . ...110***
e v(016). » ”(016) e ”(0,16)'”” (016) e (0‘16)” (016). e (016) ”(016)
..1.0.2....................._017........._0.19........._012........_015..........;(.)...1.4........._017......._015........_017
[ — (0 15). e (015) I (0 15) I (0 15) o (015) e .(0 15). e 019 I (0 15)
p1+p2 s 055 R 0.9 e 050 e 051 P 051 P 051 R 093” e 055
..A.Ié.....................70619.........72807.........69018.........7122..........69409.........7163.......70373.........7254
B/C e 72845. e 74585” e 71244 S 731 e .71635 I 735 I 726 00.. - 744
kzﬂ e 094 R 094 o 094v e 094 P 094 S 094,. e 094, e 094
RMSE o 0.75 o6 o o 075......... 076077
observat|ons e 302 I 317 o 302 317 s 302 e 317”. R 302 e 317

Notes: This table presents OLS estimates of the baseline feedback rule. Standard errors are reported in parentheses. *p < 0.05, **p < 0.01,
**p < 0.001 denote significance levels. AIC and BIC denote the Akaike information criterion and Bayesian information criterion tests,
respectively.

contextualized based on the information available from the transcripts, and the analysis offered
earlier: while money may have been important during the 1970s, its influence seems to have
diminished during the 1980s. The full-sample approach ignores the important policy changes
referred to in the literature purely because the fixed-coefficient approach does not highlight
these changes. From an empirical perspective, (Clarida et al. (2000), Boivin (2006), Coibion and
Gorodnichenko (2011)) provide evidence of important changes in the US conduct of monetary

policy.

4.2. Split-sample estimates

A standard single break in the coefficients of the response function around the time of the Volcker
disinflation (October 1979) is allowed, following Coibion and Gorodnichenko (2011). The policy
rule is estimated for the period 1969 — October 1979 and the period 1982 - January 2002. Table 3
summarizes estimates of the policy rule using various combinations of the forecast horizon j for
each period.

I find money to have exerted a statistically and economically significant impact on the federal
funds rate during the pre-1979 sample, but not during the post-1982 sample. The best-fit version
of the policy rule suggests a large response to money aggregate M1, during this period, with a
value of 0.621. The systematic reaction of the Fed to money growth declines from a statistically
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Table 3. Estimates of the policy rule (1969 - 1979 and 1982 - 2002)

Contemporaneous rule Mixed rule Forward-looking rule
Parameter pre-1979 post-1982 pre-1979 post-1982 pre-1979 post-1982
Vit 0.868" 1.332
VY t41 1075 2.395* 1.624* 2774

(0.181) (0.413) (0.208) (0.301)
Yue  0588™ 0046 0621 0.031 1270% 0.051
I - (0 093) (0 127) B (0 096) (0 071) (0 202) B (0 080) |
pl T oo

(0 078) (0 095) (0. 083) (0 105) (0. 081) (0 107)
pz e —o 430***,. B s B ,,._0 391*** ST ,._0 342**** B Ty |
B (0 080) R (o 094) B (0 082) B (0 092). B (0 082) R (0 095) |
p1+ P2 0 944 0 962 0 945 0.935 0 974 0. 940
[, 255 355 e 102 801 e
R 273 844 B 119 960 R
R 0976 0954 0977 0.955 0977 0.956
1

Notes: This table presents OLS estimates of the baseline feedback rule. Standard errors are reported in parentheses. *p < 0.05, **p < 0.01,
***p < 0.001 denote significance levels. IV estimates can be shared upon request. AIC and BIC denote Akaike information criterion and Bayesian
information criterion tests, respectively.

significant value (0.621) to a statistically insignificant value of 0.031, signaling lower attention to
monetary aggregate M1 in the second half of the sample. The coefficient on money is remarkably
close to the estimates in Li et al. (2020), Castelnuovo (2012), despite major differences in the data
and estimation strategy.

Across the two time periods, other response coefficients seem to change as well. My estimates
point to a stronger response, by the Fed, to inflation in the post-1982 period as compared to the
pre-1979 period. Interest rate decisions become more persistent, in the sense that the sums of the
autoregressive components are higher in the second period. Second, the Federal Reserve seems to
have changed their response to the real side of the economy with a lower weight on the output gap
in the second sample. This behavior of the policy coefficients is consistent with the estimates often
found in the literature (Clarida et al. (2000), Boivin (2006), and Coibion and Gorodnichenko
(2011). Standard AIC and BIC tests also confirm that, in terms of timing conventions, a mixed
policy rule where the FOMC targeted forward-looking inflation but contemporaneous money and
output gap best explains the setting of the federal funds rate.

An important result, concerning the pre-1979 estimates of the policy rule with money, suggests
that including a response of the interest rate instrument to money growth affects the estimated
coefficients of the other variables in the policy reaction function. Comparing the best-fit versions,
(Coibion and Gorodnichenko (2011)) estimate the weight on inflation to be 1.04 compared to
1.075 in this paper. They find that the weight on the output gap is equal to 0.52, whereas I find this
to be equal to 0.612. Thus, the baseline Taylor rule coefficients are estimated to be quite close to the
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standard values found in the literature. The sum of the autoregressive coefficients is also estimated
to be larger in Coibion and Gorodnichenko (2011); the inclusion of money in the reaction function
lowers these estimates in Table 2 as some of the inertia in policy actions seems to be explained by
adding money growth in the policy rule. Across the estimated policy rules, the direction of bias is
reversed for the post-1982 sample, as the coefficient on inflation is estimated to be higher in the
model with money (2.395), as compared to a model without money (2.20), and the weight on the
output gap is estimated to be lower (0.406), compared to 0.43.3

The main results of this section suggest that M1 significantly influenced the policy rate dur-
ing the pre-Volcker period, entering the reaction function positively. Moreover, the coefficient
on money becomes statistically indistinguishable from zero during Volcker’s disinflation (from
1979 to 1982). Including money also has the positive effect of improving the fit of the benchmark
Taylor rule. By contrast, the policy rule without money appears to overestimate the coefficient
on other variables, including inflation. It is important to mention that these findings extend a
broad literature: on formalizing the role of money in FOMC policy as discussed in Sims and Zha
(2006), Li et al. (2020), Castelnuovo (2012); and on presenting an alternative framework that bet-
ter describes the monetary reaction function during the Great Inflation (Clarida et al. (2000),
Orphanides (2001, 2002, 2003), Boivin (2006), Chowdhury and Schabert (2008), Coibion and
Gorodnichenko (2011), Hirose et al. (2020)).

4.3. Applications to price determinacy

I combine the estimated policy parameters with the theoretical model described and calibrated
in Section 2 to study price indeterminacy, both during the pre-1979 and the post-1982 period. I
offer the results based on both the simple model without money but which includes a response to
money growth and the full model with money, which includes all three channels through which
money enters the model. I focus on using the best-fit version of the policy rule with money (“mixed
policy rule,” as discussed in the previous section) for the split-sample policy coefficients offered
in Table 3—the precise coefficients used in the Taylor rule, for the estimation, are also shared
in the table. The analysis is conducted for two levels of trend inflation: 3% and 6%, designed
to replicate average inflation rates in each of the two time periods. For each combination of
the policy rule, I compute 10,000 draws to compute the fraction of determinate solutions for
each level of trend inflation. For each draw, parameters of a Taylor rule are taken from the joint
asymptotically normal distribution based on least squares estimates of Taylor rules. Coibion and
Gorodnichenko (2011) suggest that this procedure considers the estimation uncertainty associated
with the systematic component of monetary policy. Table 4 reports these results.

The baseline estimates (first row) suggest that the Fed’s response to inflation, in the pre-Volcker
era, did not satisfy the Taylor principle for both levels of trend inflation. In particular, the pre-1979
response implies an indeterminate REE given the average inflation rate of that time (6%). This is a
direct implication of the results presented in Section 2, as the Taylor principle weakens under high
trend inflation. Notice, however, that the determinacy rates are almost always higher in the model
without money (that is, without non-separability and portfolio adjustment costs but with a policy
response to money). Notice that these results remain robust when I account for the complete
transmission that allows money to play a more prominent role in shaping the macroeconomic
dynamics.

Focusing on the baseline policy rule estimates for the post-1982 period, the change in the
response to inflation and the reduction in trend inflation explain almost entirely the move from
an indeterminate region to a determinate one. The post-1982 response is consistent with a deter-
minate REE at the low average inflation rate of this period (3%). This result is robust to a model
where money enters the structural mechanism (i.e. with non-separability and portfolio adjust-
ment costs), even though money is not estimated to enter the policy rule in this period. The
key result from this section suggests that allowing for monetarism, in the spirit of Sims and Zha
(2006), does not change the main conclusions offered in Clarida et al. (2000)) and (Coibion and
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Table 4. Determinacy and counterfactual experiments

Taylor rule parameters Trend Inflation
Y Yu Vx P1 P2 3% 6% 3% 6%
Without With
Money Money

Pre-1979 per/od

Baseline policy rule estimates 1075 0621 0612 1335 —039 4466 004 351 001
Switchinflation response 2395 0621 06121 1335 039 100 106 100 05
.SWItCh |nterest smoothlng parameters “ 1075 “ .0621 . 06121 ” 1041 70107 “ 4466 “ 004 b 35 l“ . OOl
Switch money growthresponse 1075 0.031 06121 1335 039 004 001 002 0
Switchoutputgapresponse 1075 0621 0.405 1335 039 8848 117 8243 097
Zerooutputgapresponse 1075 0621 0 1335 039 100 3457 69.71 2904
Zeromoneygrowthresponse 1075 0 06121 1335 039 002 001 0 0
‘Zero moneygrowth and gap response” 1075 0 0 1335 —039 3862 2751 404 2734
.Postlggzpenod
Baseline policy rule estimates 2395 0031 0405 1041 0107 99.88 7.97 9992 138
Switchinflation response 1075 0031 0405 1041 0107 403 142 361 144
.SWItCh |nterest smoothlng parameters “ 2395 “ .0031 b 0405 ” 1335 “ 7039 B 8384 “ 1663 . 84 33“ . 158
Switch money growthresponse 2395 0.621 0405 1041 —0.107 9999 1961 100 1393
Switchoutputgapresponse 2395 0031 0612 1041 0107 9993 086 99.77 068
Zerooutputgapresponse 2395 0031 0 1041 0107 7597 386 7891 3878
Zeromoneygrowthresponse 2395 0 0405 1041 —0.07 9982 773 9991 7.3
Zeromoney growth and gap response 2395 0 0 1041 —0.107 73.88 3841 T77.64 38.62

Notes: The table reports determinacy rates for the 1969-1979 (pre-1979) period and the 1982-2002 (post-1982) period for trend inflation rates of
3% and 6% with a model with and without money. Each row with “switch” contains the coefficient of the other period’s estimated rule, keeping
the remaining policy parameters unchanged.

Gorodnichenko (2011)) in that the shift from indeterminacy to determinacy appears to have taken
place, going from the pre-1979 period to the post-1982 sample.

4.4. Counterfactual experiments

I offer counterfactual experiments that determine the contribution of each of the policy changes
and the trend inflation to the likelihood of determinacy in each regime. For instance, I generate
determinacy rates by switching the pre-1979 response to inflation with the post-1982 response
as shared in the “switch inflation response” row. The counterfactual exercise suggests that if this
specific policy was in place, REE determinacy would be guaranteed for both model specifications at
3% trend inflation but not at 6% trend inflation. Similarly, switching the interest rate response does
not change the baseline results. Switching the money growth response to the post-1982 level (or
setting it to zero) replicates the findings of Coibion and Gorodnichenko (2011), as the percentage
of draws that suggest determinacy falls to levels close to 0% for the pre-1979 period for both 3%
and 6% trend inflation. A key implication of this result is that while responding to money raises
the likelihood of determinacy at 3% trend inflation, it is not sufficient to counteract the higher
trend inflation observed during this time period. The likelihood of a determinate REE is even
lower in the model with money.

Switching the pre-1979 response to output gap with the post-1982 response generates deter-
minacy for both models at 3% trend inflation but not at 6% trend inflation. However, draws for

https://doi.org/10.1017/51365100522000633 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100522000633

2182 I. A. Qureshi

Model without money

100 " 3 T
5‘ . —— Baseline
g 80 \‘ - - 0=2/3 E
§ \ ——— = 2
o) R N Y N N S o, e=
3 60 - \ ———h =070
- \ —8— =015
> 40 \ T e =000
5 \
o 20 ‘\ . -
[ . i
o [ RALTT
0 L = .
0 1 7 8
Annual Inflation Rate
Model with money
100 " . T
5 ' e Baseline
g 80 \‘ - - 0=2/3 —
é \ ——— =2
o) WM W N Y seeeeass £ =
kS 60 \ ———=h=0.70
= \ —a— 0 =0.15
. 40 - \ %, —-—- P, =000
= K * Full model
e \
o 20| \
[< .
o \
0 =
0 1 8

Annual Inflation Rate

Figure 5. Likelihood of a determinate REE: Robustness (Pre-1979).

Notes: The figure summarizes the benchmark results and robustness of results on determinacy using alternative assump-
tions on price-setting (0), elasticity of substitution (¢), Frisch elasticity of labor supply (¢), indexation (¢), and habit formation
(h) in the model with (4, # 0) and without (1, = 0) money. | compute 10,000 draws to compute the fraction of cases (scaled
to be between 0 and 100) with determinate solutions for each combination of trend inflation. For each draw, parameters of
a Taylor rule are taken from the joint asymptotically normal distribution based on least squares estimates of Taylor rules.
Additional robustness checks are offered in Qureshi (2018).

determinacy are higher in a model where money does not play a role. While responding to money
increases the likelihood of determinacy compared to the estimated in Coibion and Gorodnichenko
(2011), it is not large enough to counteract the effect of high trend inflation both with and with-
out money in the model. This sharpens the point made by Orphanides (2004), who emphasizes
the consequence of the decline in response to the output gap over the two periods. In the second
regime, from 1982 to 2002, the strong response to inflation is sufficient to rule out price indeter-
minacy, a finding in line with the classic explanation of the Great Moderation offered by Clarida
et al. (2000) and Coibion and Gorodnichenko (2011) and others. However, this result depends on
the level of trend inflation in the model. The likelihood of determinacy under 6% inflation is low
and below 10%. This is consistent with the conclusions reached by Coibion and Gorodnichenko
(2011): if the Fed in the 1970s had simply switched to the current policy rule without simultane-
ously engaging in the Volcker disinflation, it is quite possible that the US economy would have
remained subject to self-fulfilling expectations-driven fluctuations. This is true even when the
high response to inflation is combined with the large response to money growth estimates for the
pre-1979 period.

4.5. Sensitivity analysis

Several parameters related to the structural mechanism could influence these results. Greater price
stickiness increases the sensitivity to expectations of future macroeconomic variables, thereby,
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Figure 6. Likelihood of a determinate REE: Robustness (Post-1982).

Notes: The figure summarizes the benchmark results and robustness of results on determinacy using alternative assump-
tions on price-setting (0), elasticity of substitution (¢), Frisch elasticity of labor supply (¢), indexation (¢), and habit formation
(h) in the model with (v, # 0) and without (y,, = 0) money. | compute 10,000 draws to compute the fraction of cases (scaled
to be between 0 and 100) with determinate solutions for each combination of trend inflation. For each draw, parameters of
a Taylor rule are taken from the joint asymptotically normal distribution based on least squares estimates of Taylor rules.

influencing the percentage of draws that point to indeterminacy. Non-separability and portfolio
adjustment costs could also influence the quantitative results. These effects are further sharpened
as the degree of habit formation rises. Figure 5 summarizes the benchmark results and the counter-
factual percentage of determinacy draws based on alternative assumptions related to the structural
parameters and the various levels of trend inflation consistent with the pre-1979 period. Figure 6
presents this exercise for the post-1982 period.

With higher Frisch elasticity of labor supply, the percentage of draws that point to determinacy
rises but remains well below the 50% threshold. The inclusion of habit formation and mild values
of indexation does not change these results. For latter, it is important to note that indexation
diminishes the determinacy issues that arise with positive trend inflation because it decreases the
devaluation of the firms’ re-set prices that comes from positive trend inflation. As noted earlier, in
the special case with full indexation or ¢ = 1, determinacy in the model is unaffected by the level
of trend inflation in the model. However, Ascari et al. (2011) note that a low level of indexation
is consistent in models with trend inflation. In the model, I use their estimated range of values
for indexation (which lie below 0.30) to show that the key results do not change at this estimated
value.

I set the degree of price stickiness used in Gali (2015), which is between the value proposed by
Bils and Klenow (2004) and the upper bound of the value proposed by Nakamura and Steinsson
(2008), and consistent with a pricing change of every 11 months. The likelihood of determinacy
rises, as expected, but remains well below 20%. In the model with money, the likelihood is close
to 0% for the alternative pricing assumptions at 6% trend inflation.
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A lower elasticity of substitution, ¢, also affects determinacy outcomes in both models. Setting a
lower value of ¢ = 6, which implies markups of 20%, is observed to empirically raise the likelihood
of determinacy. Interestingly, in the model without money, the likelihood is close to 50%, rais-
ing concerns about the robustness of the results when the (Coibion and Gorodnichenko (2011))
framework of analysis is combined with a response to money. However, the likelihood of deter-
minacy falls well below 40% in the model when money is allowed to play an active role (through
non-separability and portfolio adjustment costs).!? Figure 6 confirms the baseline results pre-
sented earlier, in that determinacy in the post-1982 period is achieved given the low level of trend
inflation observed during this period and the switch to a more active policy. This result is robust
for all calibrations of the model, both when money plays a role and when it does not. The post-
1982 response converges with the conclusions offered by Coibion and Gorodnichenko (2011) and
detects a determinate REE at the low average inflation rate of this period (3%).

5. Conclusion

I develop a business cycle model with positive trend inflation where money is allowed to play a
role through non-separability between consumption and real balances, portfolio adjustment costs,
and an explicit response by the central bank to money growth. I show that the Taylor principle
changes in this environment. Targeting money enables the central bank to be sufficiently active,
guaranteeing REE for even high levels of trend inflation. I show that this outcome is sensitive to the
inclusion of non-separability between consumption and real balances and portfolio adjustment
costs. In other words, the model with money behaves very differently as far as a determinate REE
is concerned when moving away from the zero trend inflation assumption.

I apply this framework to analyze the rise in macroeconomic instability experienced by the
US economy during the 1970s. I use briefing forecasts, prepared for the Federal Open Market
Committee (FOMC), to estimate a policy rule with money for the 1969-2002 time period. Along
with inflation and the output gap, money aggregate M1 exerted a statistically and economically
significant impact on policy behavior. The exclusion of money aggregates from the policy rule
seems to be an important source of bias in the previous estimations of the reaction function and
has important consequences for the role of monetary policy during the Great Inflation.

The evidence suggests that the response to money was, perhaps, not sufficiently strong to com-
plement the relatively weak response to inflation and counteract the high trend inflation of the
pre-Volcker period, especially in the model with money. The overall findings generally support
the conclusions of Clarida et al. (2000) and Coibion and Gorodnichenko (2011), but do so in a
framework that specifically accounts for a role for money.

Notes

1 For a fairly broad range of values for the parameters ¢ and d, the portfolio adjustment costs incurred to carry out typical
monetary transactions are trivial when converted into units of resources surrendered by the representative agent but imply
substantial effects on money demand dynamics. As pointed out by Andrés et al. (2009), and Nelson (2002), a forward-looking
money demand term would appear also if we modeled portfolio adjustment costs in terms of nominal balances. As argued by
Castelnuovo (2012), besides offering algebraic convenience, real balances capture the notion that portfolio adjustment costs
are not transaction costs, but instead capture the convenience of maintaining, ceteris paribus, some purchasing power in the
form of money, for example, as a “reserve against contingencies.”

2 The complete parameters associated with the linearized model are shared in Section 2.3.

3 Real balances are denoted by m; and are related to nominal money growth u; and 7; according to the following (linearized)
relationship: fi = iy — Me_1 + 7y

4 Ananonymous referee pointed out that since the parameters of the model are in terms of steady-state endogenous variables
and “composite” parameters, which are functions of multiple “primitive” parameters—the set of parameters that can largely be
modified independently, including those that determine the form of the utility function, the form of the portfolio adjustment
cost, and sometimes the values of some steady-state variables. The given combination of steady-state endogenous variables
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and composite parameters needs to be indeed consistent with a certain set of reasonable primitive parameters. I circumvent
this concern by using the aggregate estimated values presented in Castelnuovo (2012) for some of these parameters, such as
for the portfolio adjustment cost (8p) and the degree of separability (1,). Other parameters that can be calibrated, such as T,
utilize the deep parameters of the model and the level of trend inflation.

5 The main mechanism for this result is demonstrated in Qureshi (2016, 2018, 2020)—responding to money growth acti-
vates additional features that are not present in the baseline Taylor rule. First, money growth induces history dependence.
Such dependence informs rational expectation agents on the willingness of the central bank to dampen future economic
fluctuations. Hence, rational agents will keep inflation and output expectations closer to the respective targets. Second, the
policy rule with money is able to induce additional interest rate inertia and, thus, satisfy the attributes of desirable monetary
policy that are highlighted in Woodford (2011). Third, responding to money makes the policy rule more inflation averse.
Fourth, responding to money reduces the weight on the output gap. Combined, the last two points suggest that including
money increases inflation aversion relative to the output gap in the policy rule. As demonstrated by Kiley (2007) and Ascari
and Ropele (2009), larger responses to the output gap yield a higher percentage of draws that suggest indeterminacy given the
same response to inflation under positive trend inflation.

6 During 1969, the Fed did not officially track M1. Rather FOMC members referred to (annualized) changes in aggregate
“cash” and “deposit” variables, which are aggregated to obtain estimates for M1 for that year. From January 1970, the sum of
these terms is defined as the money aggregate M1. Excluding data for 1969 does not change any of the results presented in
this paper.

7 In terms of fit, the policy rule with money explains the evolution of the federal funds rate better than the simple Taylor
rule. Following Coibion and Gorodnichenko (2011), one way to determine the fit is by estimating the AIC and BIC. However,
this only helps determine the version of the policy rule that fits better conditional on a specific time period. These tests also
confirm that, in terms of timing conventions, a mixed policy rule where the FOMC targeted forward-looking inflation but
contemporaneous money and output gap best explains the setting of the federal funds rate.

8 I test for robustness against other commonly considered specifications that may explain the setting of the policy during this
time period, such as output growth (Table 6 in Appendix A.4). Indeed, Coibion and Gorodnichenko (2011) find no statistically
discernible response to output growth, during the pre-Volcker period, but find a much stronger long-run response by the Fed
to output growth during the second period. I compare my benchmark results with the estimates based on the rule with
output growth. I focus only on the pre-Volcker period; Qureshi (2016, 2018, 2020) find that money growth outperforms a
specification with output growth in the post-1980 time period. These results are available upon request.

9 Qureshi (2016, 2018, 2020) presents evidence from the transcripts that supports the view that the FOMC switched its focus
from a “narrower money aggregate” (M1) to a “broader money aggregate” (M3) from early 1983 and highlights the historical
irrelevance of M2 money aggregate.

10 Interestingly, when the parameterization of the key parameters of the model is set closer to those estimated by Castelnuovo
(2012), the likelihood of determinacy falls further. I set ¢ =6, 1, =0.75, 8y = 3.00, y; =2.00, and y, =0.25 to be more
consistent with the estimation for the pre-1979 period, provided in Table 3 of Castelnuovo (2012). These results are listed as
“Full model” in Figure 6.
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A. Appendix

A.1. Optimality conditions

In Section 2, the representative household maximizes its expected utility (1) subject to its budget
constraint (equation (2)) over the following choice variables consumption (C;), labor hours (Ny),
real money holdings (M;/P;), and bonds (B;), yielding the following optimality conditions:

itAty1

A+ = BE (A1)
t t Ht_;’_l
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aN? =) — (A2)
Py
v, Crh1
At =ay o L — hBE, [(ﬁ) ﬂt+1‘~I’1,t+1j| (A.3)
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In equations (A.1)-(A.4), A; denotes the Lagrange multiplier, m; = 1\;17, are the real balances,
t+1

and ITy4) = PTt is the (gross) rate of inflation. The terms W; ; and W, are the partial derivatives
of the utility function with respect to the first and second choice variables. The symbols %WZ’H)

and 2601 grand for the partial derivatives of the portfolio adjustment cost function G(e) with

respect to my, evaluated at ¢ and t + 1, respectively. These are written as:
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The first-order condition of the firms’ problem can be derived by maximizing equation (4)
subject to equation (5) and can be written as:

1 —&
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Note that future expected inflation rates enter both the numerator and the denominator and,
thus, affect the relative weight on future variables. With positive trend inflation, two effects come
into play. When intermediate firms are free to adjust, they will set higher prices to try to offset the
erosion of relative prices and profits that trend inflation automatically creates. Second, expectation
of forward-looking terms is progressively multiplied by larger discount factors. This means that
optimal price-setting under trend inflation reflects future economic conditions more than the
short-run cyclical variations. Price-setting firms become more forward-looking. Price indexation

sk

1
I-e P
mitigates these two effects. Setting P; = |: fol Pi{t_gdi] , and (#) = pj;» enables me to write
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the pricing equation as:

1- -
1=67"" 4+ (1 - 0)(p},) (A8)
Notice that equation (A.7) can be written in a recursive formulation of the optimal price-setting
equation:
Lo € 14
(p;.':t)l—"_l—ot - (A.9)

(e =11 —a) ¢

To simplify this expression, I define the auxiliary variables as recursive formulations:

1 =1 —ee _&
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Moving onto the labor market, the expression for the intermediate inputs (Yj;) is first
combined to find an expression for the aggregate labor demand:

1
b; Y, Y\ -«
Nd /Nddz / et dz i =st ey (A.12)
0 Pt <t 2t

which is equation (7) in the main text. Finally, Ascari et al. (2011) show price dispersion to
evolve as:

xg e
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A.2. The steady-state

Before log-linearizing the model, I find the steady-state terms by imposing the following restric-
tions on the ﬁ{st—order conditions: Ct=Y;, ar=arr1=a, es=ery1 =8 2t =211 =2, Nt =
N, )"t = )\,t_l,_] Ct 1 =_ Ct = Ct_;,_l =)_/, me_1 = ’th = mt+1 = ﬁ’l, Wy = ﬁ/, Ht+1 = Ht = H, lﬁt =
Y1 =V, ¢ = ¢t+1 ¢, si_1 =5 =3, MC; = MC, p;ft =p;. It is important to note that the
steady-state inflation IT affects all key relationships in the model.
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v = E—— T (A.21)
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A.3. IV estimates of the split-sample policy rule

The following table (Table 5) presents the least squares and instrumental variable estimates of the
benchmark (mixed) Taylor rule with money. Following Coibion and Gorodnichenko (2011), I use
the past values of inflation, money growth, and output gap from the Greenbook.

Table 5. Estimates of the policy rule—OLS and IV estimates

Pre-1979 Post-1982

oLS v v oLS v v

(1) () @3) (4) (5) (6)

Vo t41 0.99 0.97 0.93 241 2.53 2.24
| Y ”('o'.ééjm e .,....(.6..&.), B "’(16;41'5)’” e '(’i’.é,é)’ B ..(.1.....1.7..),. e (i;ié)
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This table presents the OLS and IV estimates of the baseline feedback rule. Standard errors are reported in
parentheses. The set of instruments are lags of inflation, output gap, the federal funds rate, and growth in
monetary aggregate M1. The bold letters are the instrumented variables. The bottom panel reports the p-value
associated with a test of the over-identifying restrictions (Hausman).
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A.4. Comparison between money growth and output growth in the policy rule

Table 6. Estimates of the policy rule (1969-1979): money growth vs.
output growth

Parameter Contemporaneous rule Mixed rule

Y t 0.8311 _
B ('0'.'6'156')" e
%H e
A (06211)

| W B vy
(0.267) (0.2574)

Yt 0.835%** 0.7428%**

(0.1368) (0.1196)
Yoyt 0.2341 0.1856

(0.3547) (0.2995)
p1 1.3372%** 1.3028***

RMSE
Observations 129

Notes: This table presents the OLS estimates of the baseline feedback rule.
Standard errors are reported in parentheses. *p < 0.05, **p < 0.01, ***p < 0.001
denote significance levels. AIC and BIC denote the Akaike information criterion
and Bayesian information criterion tests, respectively.

Cite this article: Qureshi IA (2023). “Price-level determinacy and monetary policy in a model with money and trend
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