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1. Introduction

In the lead-up to the 2008 financial crisis, a consensus developed among academic macroeconomists that the problem
of macroeconomic stability had been solved. According to that consensus, the New-Keynesian dynamic stochastic general
equilibrium (DSGE) model provides a good first approximation to the way that monetary policy influences output, inflation
and unemployment. In its simplest form, the NK model has three equations; a dynamic IS curve, a policy equation that
describes how the central bank sets the interest rate, and a New-Keynesian Phillips curve. In its more elaborate form, the
New-Keynesian DSGE model is reflected in work that builds on the medium scale DSGE model of Smets and Wouters (2007).

The NK model evolved from post-war economic theory in which the Keynesian economics of the General Theory, (Keynes,
1936), was grafted onto the microeconomics of Walrasian general equilibrium theory (Walras, 1899). Paul Samuelson, in the
third edition of his undergraduate textbook, (Samuelson, 1955), referred to this hybrid theory as the ‘neoclassical synthesis’.
According to the neoclassical synthesis, the economy is Keynesian in the short-run, when not all wages and prices have
adjusted to clear markets; it is classical in the long-run, when all wages and prices have adjusted to clear markets and the
demands and supplies for all goods and for labor are equal.!

The neoclassical synthesis is still the main framework taught in economics textbooks, and, in the form of ‘dynamic IS-LM
analysis’, it is used by policy makers to frame the way they think about the influence of changes in fiscal and monetary pol-
icy on economic activity.> This paper proposes an alternative framework. Building on work by Farmer (2010a) we integrate

* We would like to thank Gauti Eggertsson and Stephanie Schmitt-Grohé for their discussion of our work. We also thank participants at the Conference in
Honor of Michael Woodford’s Contributions to Economics, participants at the Royal Economic Society Conference in 2018, participants at the 2017 Bank of
England conference “The Applications of Behavioural Economics and Multiple Equilibrium Models to Macroeconomic Policy” and participants at the UCLA
macro and international finance workshops. We have both benefited from conversations with Giovanni Nicolo.

* Corresponding author.

E-mail addresses: r.farmer.l@warwick.ac.uk (RE.A. Farmer), kplatonov@ucla.edu (K. Platonov).
1 This characterization of the history of thought is drawn from Farmer (2010b) and elaborated on in Farmer (2016b).
2 See, for example, Mankiw (2015).
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Keynesian economics with general equilibrium theory in a new way to demonstrate that low-income high-unemployment
inefficient equilibria may be sustained in the long run. Our work displays two main differences from the New Keynesian
model.

First, the steady state equilibria of our model display dynamic indeterminacy. For every steady state equilibrium, there
are multiple dynamic paths, all of which converge to the same steady state. We use that property to explain how changes in
the money supply may be associated with immediate changes in real economic activity without invoking artificial barriers
to price change. Prices in our model are set one period in advance, but there are no explicit costs of price adjustment.’

Second, our model displays steady state indeterminacy. We adopt a labor search model in which the presence of exter-
nalities generates multiple steady state equilibria. Unlike classical search models we do not close the model by assuming
that firms and workers bargain over the wage.” Instead, as in Farmer (2010a, 2012b, 2016b), firms and workers take wages
and prices as given and employment is determined by aggregate demand. We use that feature to explain why unemploy-
ment is highly persistent in the data. Persistent unemployment, in our model, represents potentially permanent deviations
of the market equilibrium from the social optimum.®

To close our model, we assume that equilibrium is selected by ‘animal spirits’ and we model that idea with a belief
function as in Farmer (1999, 2002, 2012a). We treat the belief function as a fundamental with the same methodological
status as preferences and endowments and we study the implications of that assumption for the ability of monetary policy
to influence inflation, output and unemployment. Although we use a stylized calibration of our model to generate impulse
response graphs, this paper is not a serious piece of data analysis: Our contribution is to introduce a new pedagogical tool,
the IS-LM-NAC model, and to illustrate the use of that tool with a series of policy exercises. We refer the reader to Farmer
and Nicolo (2018), “Keynesian economics without the Phillips curve”, for an empirical application of our framework.

There have been many attempts to build micro-foundations to the IS-LM model. The most popular is the dominant
New-Keynesian model that appears in modern graduate textbooks (Gali, 2008; Woodford, 2003). Bilbiie (2008, 2019) and
Dong et al. (2016) use credit market imperfections to generate Keynesian results from micro foundations and a micro-
founded approach that stresses financial market imperfections has found its way into the undergraduate curriculum in the
UK with the influential textbook by Carlin and Soskice (2014). Our main difference from these approaches is the ability of
our model to generate deviations of the unemployment rate from the social optimum that can persist forever in the absence
of monetary or fiscal policy intervention.

The supply side of our model was developed in, Farmer (2012b, 2013) and in Farmer (2016b) where Farmer refers to
a model closed by beliefs, as a “Keynesian search model” to distinguish it from the classical approach to search theory
(Diamond, 1982; Mortensen, 1970; Pissarides, 1984). Keynesian search theory replaces the classical assumption that the
bargaining weight is a parameter with the alternative assumption that the unemployment rate is demand determined.

The current paper builds on the Keynesian search approach by including the real value of money balances in the utility
function to capture the function of money as a means of exchange. The addition of money leads to genuinely new results
from the real model in Farmer’s previous work. For example, we show that, under some specifications of beliefs, money
may be non-neutral. An unanticipated shock to the money supply may have a permanent effect on the unemployment rate
through its influence on beliefs about the real value of future wealth.

2. The model

We construct a two-period overlapping generations model. In every period there are two generations of representative
households; the young and the old.° The young inelastically supply one unit of labor, but, due to search frictions, a frac-
tion of young individuals remain unemployed in any given period. We assume that there is perfect insurance within the
household and that labor income is split between current consumption, interest bearing assets, and money balances.

Households hold money, physical capital and financial assets in the form of government bonds. Money is dominated in
rate-of-return and is held for transaction purposes. We model this by assuming that real money balances yield utility as in
Patinkin (1956). The old generation receives interest on capital and bonds and they sell assets to the young generation. We
close the markets for physical capital and labor by assuming that there is one unit of non-reproducible capital and that the
labor-force participation rate is constant and equal to one. We also assume that government bonds are in zero net supply.

3 For earlier papers that invoke that idea see Farmer and Woodford (1997), Farmer (1991, 1999, 2000, 2002), Matheny (1998), and Benhabib and Farmer
(2000). Although we do not explicitly adopt the assumptions of menu costs (Mankiw, 1985) or price rigidity (Christiano et al., 2005; Smets and Wouters,
2007), these are both possible explanations for agents in our model to select an equilibrium in which prices are predetermined.

4 By classical search models, we mean the literature that builds on work by Diamond (1982), Mortensen (1970), and Pissarides (1976).

5 King et al. (1991), Beyer and Farmer (2007), and Farmer (2012c, 2015) find evidence of a unit root in the U.S. unemployment rate. Sticky-price models
with a unique determinate steady-state equilibrium have difficulty generating enough persistence to understand this fact, as do unique-equilibrium models
of the monetary transmission mechanism that assume sticky information (Mankiw and Reis, 2007) or rational inattention, (Sims, 2003). Our approach
generates permanent equilibrium movements in the unemployment rate that are consistent with a unit root, or near unit root, in U.S. unemployment data
and is complimentary to theories that explicitly model small costs of price change. Blanchard and Summers (1986, 1987) attribute persistent unemployment
to models that display hysteresis. Our model has that feature, but for different reasons than the explanation given by Blanchard and Summers. For a recent
survey that explains the evolution of models of dynamic and steady state indeterminacy, see Farmer (2016a).

6 The restriction to two-period lives is made for expository purposes only. In Appendix A we develop a long-lived version of our approach using the
Blanchard (1985) perpetual youth model.
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There is a single good produced by a continuum of competitive firms. Firms rent capital from old generation individuals
and hire young generation individuals. Hiring labor is subject to search frictions. Firms take prices and wages as given and
they allocate a fraction of labor to recruiting. We assume that every worker allocated to recruiting can hire g new workers,
where q is taken as given by firms but determined in equilibrium by the search technology. Every worker allocated to
recruiting is one less worker allocated to production.

Search in the labor market generates multiple equilibria. To select equilibrium, we assume that economic agents form
beliefs about the real value of their financial wealth using a belief function that is a primitive of our model. Our Keynesian
search approach differs from the more usual assumption in the classical labor search literature where the equilibrium is
pinned down by Nash bargaining over the real wage.’”

To make our model transparent, we consider only permanent unanticipated shocks to beliefs. There is no uncertainty
regarding other fundamentals of the economy.

Our model provides a microfoundation for the textbook Keynesian cross, in which the equilibrium level of output is
determined by aggregate demand. Our labor market structure explains why firms are willing to produce any quantity of
goods demanded, and our assumption that beliefs are fundamental determines aggregate demand. In our model, beliefs
select an equilibrium and in that equilibrium, the unemployment rate may differ permanently from the social planning
optimum.

3. Aggregate supply

There is a unit continuum of competitive firms. We represent the capital and labor employed and output produced by
each individual firm with the symbols K;, L, and Y:.8 To refer to aggregate labor and aggregate output we use the symbols
L; and Y;. The variables K;, L;, and Y; are indexed by j<[0, 1] where

K = / K(Hdj, L= / L(dj. T = / Y, (j)dj.
J J J

Since all firms face the same prices and will make the same decisions, it will always be true that K; (j) = K¢, L;(j) = L; and
Y: (j) = Y;, hence, we will dispense with the subscript j in the remainder of our exposition.

All workers work only in the first period of their life. A firm puts forward a production plan in which it proposes to
allocate X; workers to production and V; workers to recruiting where

L =X +Vt.
Output is given by the expression
Y = KPX1¢,

and the total number of workers employed at the firm is equal to

Ly = q:iVi, (1)
where the firm takes g; as given. Putting these pieces together, we may express the output of the firm as
1-a
Y, 1<g[<1 - l)Lt] . )
qt

Firms maximize profit,
RY: — ReKe — WiLe,

by choosing how much capital and labor to hire. Here P; is the money price of goods, R; is the money rental rate of capital
and W; is the money wage. Perfect competition implies that factors earn their marginal products and profit is equal to zero.
i W i R
1-« L~ B and aKt_Pt. (3)
Notice that Eq. (2) looks like a classical production function with one exception. The variable, q;, which represents labor
market tightness, influences total factor productivity. One may show that q; is greater than 1 in equilibrium. A low value of
gr corresponds to a tight labor market in which firms must devote a large amount of resources to recruiting and in which
productivity is low. A high value of g; corresponds to a loose labor market in which firms may devote a small amount of
resources to recruiting and in which productivity is high.
At the aggregate level, we assume the existence of a matching technology that determines aggregate employment L; as
a function of aggregate resources devoted to recruiting, V;, and the aggregate number of unemployed searching workers, U.
This function is given by,

Lo =m(V.0) = (T%)"", 4

7 Farmer (2016b, Chapter 7) distinguishes Keynesian search models, where employment is determined by aggregate demand, from classical search models,
where employment is determined by Nash bargaining.
8 The model developed in this section is drawn from Farmer (2012b).
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Fig. 1. The social production function.

where U; = 1 because workers are fired every period and the number of searching workers is equal to 1 at the beginning
of every period.? Because the economy is endowed with one unit of labor, the end-of-period unemployment rate can be
defined as

U =1-1L.

The parameter I" in the matching function determines the efficiency of the matching technology. In a symmetric equilib-
rium where L; = Ly, we may combine Eqs. (1), (2) and (4) to find an expression for Y; in terms of L; and L;

- 1-a
L
Y, = K¢ |:Lt<1 - rt)] : (5)

where L/T" = 1/q;.

Eq. (5) is the private production function. This function represents the connection between the output of an individual
firm, Y;, the capital and labor inputs at the level of the firm, K; and L, and the labor input of all other firms, I;. The private
production function is distinct from the social production function, Eq. (6),

= 1-a
= ol I
Y = K¢ [Lt (1 - r)} , (6)

which represents the connection between aggregate output Y; and aggregate capital and labor inputs, K; and L;. We illustrate
the properties of the social production function on Fig. 1. On this figure, we see that output is increasing in employment up
to a maximum that occurs at I"/2.

The social production function exhibits search externalities. For large values of aggregate employment, L;, the labor mar-
ket becomes very tight and further reduction of unemployment is costly. As firms allocate more workers to the recruiting
activity, those workers are withdrawn from production. If employment increases beyond I'/2, additional increases in aggre-
gate employment become counter-productive.!® The value of unemployment at the social optimum,

r
U=1-3. 7)

is our definition of the natural rate of unemployment.!!

9 This simplification requires the assumption that workers can, in effect, recruit themselves. Farmer (2012b) discusses the assumption further and Farmer
(2013) drops the assumption and treats employment as an additional state variable. In the complete dynamic model, the fraction of workers assigned to
recruiting is a small fraction of the workforce, as opposed to the current formulation where, at the social optimum, 50% of the firm's workers are engaged
in recruiting. Because nothing of substance is added to the model by studying the full dynamics of the labor market we have chosen, in this paper, to use
the simpler model, where labor is not a state variable, for expositional purposes.

10 I the special case when I' = 1, output is maximized when L = 1/2 and, when L = 1, aggregate output falls to zero.

1 Friedman (1968) defined the natural rate of unemployment to be the equilibrium rate. That definition only makes sense when equilibrium is unique. In
our model, there is a continuum of steady state equilibria and in this framework it makes more sense to define the natural rate of unemployment to be
the unemployment rate at the social planning optimum.
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4. Aggregate demand

There is a continuum of households. Each household lives for two periods and derives utility from consumption when
young Cg', consumption when old C? ,;, and real money balances accumulated in the first period of their life M;,/F. Labor
does not deliver disutility, and therefore the participation rate is always equal to 1.'2

Preferences are given by a logarithmic utility function. Households maximize expected utility,

ur = log () + BE:[log (C7,,)] + 8 log <M;)[+1 ) (8)
where the mathematical expectation is taken with respect to the future realization of the stock market. We describe deter-
mination of the value of the stock market in the next section.

In the first period of their life, households earn labor income W;L;. They use their income to purchase current consump-
tion P.CY, capital goods P K;,1 and government bonds B, ;. All prices are in terms of money.

In the second period of life, households rent capital to firms and earn the rental payment R;,K;,1 and interest accrued
on their loan to the government (1 +1i;)B;, 1. In addition, at the end of the period they sell capital and money to the new
young generation. The first and second period budget constraints are given by the following equations:

PC! + Miy1 + Bey1 + P Koy = Wil (9)

PH—ICFH = (Rey1 + Perr1)Key1 + (1 +i¢)Brir + Meyq. (10)

The no-arbitrage condition (NAC) implies that the return to government bonds must be equal to the return on physical
capital, when evaluated in terms of utility from consumption in the second period,

B [ 1+i  (Pars1 +Res1) /P
E | -2 K =0. 1
f[qﬂ P1/P Pec/Pr ()

Here the first term in round parentheses is the expected real interest rate payed on government bonds. The second term
in the round parentheses is the real return to physical capital. In words, this equation states that the young are indifferent

between investing in bonds and capital. Using this condition, and defining real savings of the young in interest-bearing
non-monetary assets as follows,

S{ = (Bt + P oK) /P, (12)

we can write the young's consumption function C!, the demand for real money balances M;,1/P; and the young's real
savings function SJt’ that solve the utility maximization problem:

1 WiL
Y _ tt 1
=17 B+6 B (13)
M1 _ 8 1+ \ WelLe (14)

P, T+B8+6\ i P
Wi Le M4
"y _ Q-
St - Pt Ct Pt . (15)
Substituting for consumption and money balances in (15) gives the following alternative expression for saving

1 8\ WL
y o tLe
S“_1+ﬁ+8(ﬁ u)la' (16)

The saving of the young is an increasing function of the money interest rate because money and consumption are substi-
tutes in utility and the money interest rate is the opportunity cost of holding money. In the traditional IS-LM model, saving
is sometimes written as an increasing function of the real interest rate. That channel for the interest rate to influence saving
is missing from our model because of our simplifying assumptions that utility is logarithmic and that labor supply occurs
only in youth.”

To simplify the exposition of our model, we assume that government bonds are in zero net supply and we concentrate
on the role of monetary policy. We study a policy in which the central bank keeps the money supply M; constant, and
where that policy is expected to continue forever. In that environment we study the effect of an unanticipated change in
Mj that we implement through an unanticipated cash transfer to the old generation. In future work we plan to study the
role of fiscal interventions.

12 Allowing for disutility from participation in the labor market would make the participation rate endogenous. We do not pursue that modification
here because, in the U.S. data, the participation rate appears to be driven mostly by demography and does not exhibit a pronounced co-movement with
unemployment at business cycle frequencies.

13 Relaxing the unitary elasticity of intertemporal substitution by considering a utility function of the form U(C?,C° M/P) = log ((?) + B log (C" +C) +
8log (M/P) would add the real interest rate as an argument of the savings function. When C > 0, the intertemporal substitution effect dominates the
income effect, making the savings function increasing in both money interest rate as the price of money and the real interest rate as the relative price of
consumption when old. In this model, we adopt C = 0 for expository purposes.
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5. The role of beliefs

Although our work is superficially similar to the IS-LM model and its modern New Keynesian variants; there are signif-
icant differences. By grounding the aggregate supply function in the theory of search and, more importantly, by dropping
the Nash bargaining assumption, we arrive at a theory where preferences, technology and endowments are not sufficient to
uniquely select an equilibrium.

Following Farmer (2012b) we close our model by making beliefs fundamental. Farmer studies that assumption in the
context of a purely real representative agent model. In the current paper we explore the implications of multiple steady
state equilibria in a model where money is used as a means of exchange and where the representative agent assumption is
replaced by a model of overlapping generations.'*

The assumption that beliefs are fundamental is not sufficient to explain how they are fundamental and the belief function
could take different forms. In our view, beliefs are most likely learned and we see the work of Evans and Honkapohja
(2001) as a promising avenue in describing how a particular belief function may arise. In this respect beliefs are similar to
preferences.!®

Economists assume that a human being is described by a preference ordering and that by the time a person achieves
adulthood he or she is able to make choices over any given commodity bundle. But those choices are learned during child-
hood; they are not inherited. At the age of twenty one, an Italian is likely to choose a glass of wine with a meal; a German is
more likely to choose a beer. But a German child, adopted into an Italian family at birth, will grow up with the preferences
of his adoptive parents, not with those of his biological parents. Beliefs, in our view, are similar.

During a period of stable economic activity, people learn to make forecasts about future variables by projecting observa-
tions of variables of interest on their information from the recent past. When there is a change in the environment, caused
by a policy shift or a large shock to fundamentals, they continue to use the beliefs that they learned from the past. That
argument suggests that we should treat the parameters of the belief function in the same way that we treat the parameters
of the utility function. They are objects that we would expect to remain stable over the medium term and that should be
estimated using econometric methods.

In this paper we investigate one plausible assumption about the belief function and we study its role as a way of closing
our model. We assume that beliefs are determined by the equation

m[%et] < e, (17)
Piq

where the expectations operator in Eq. (17) is subjective and reflects the beliefs of a representative person of the probabili-
ties of future events. To impose discipline on our analysis we assume that expectations are rational; that is,

E;[PKI_H :I _ ]Et|:PK,[+1 :I _ @[’ (18)
Pryq Py

where the expectation E is taken with respect to the true probabilities in a rational expectations equilibrium.

Because there is no aggregate investment in our model, capital represents an input in fixed supply. We interpret Px to
be the the average price of assets traded in the stock market and changes in Pg represent self-fulfilling shifts in perceptions
of financial wealth.

6. The equations of the model
The equilibrium of our model is described by the following seven equations. To obtain these equations, we used two
facts. First, factor incomes are proportional to GDP,

RK: WL
B =«aY; and B

and second, in a symmetric equilibrium, total employment equals individual employment and each firm employs one unit
of capital,

Li=L and K =1. (20)

=({-a)Y; (19)

Now we turn to a description of each of the seven equations that comprise our model.
11—« ) P]([
— - Y= — 21
1+ﬂ+8(ﬂ 1t)‘ P (21)

14 plotnikov (2013, 2019) explores a similar idea in a version of a real business cycle model, closed with Farmer’s (2012b) Keynesian search model of the
labor market. Plotnikov closes his model with the assumption that beliefs about future human wealth are adaptive and he shows that a model, closed in
this way, generates jobless recoveries.

15 The discussion in this section closely follows the presentation in Farmer (2016b).
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Eq. (21) describes equilibrium in the asset markets. It equates the demand for interest bearing assets by the young (the
young's real savings function S{ ) to the real value of the single unit of capital (Px/P;) available in the economy. Since gov-
ernment bonds are in zero supply, the young’s savings must be equal to the purchases of capital sold by the old generation.
Eq. (21) is our analog of the IS curve.

My, 1-—a)d (1+1i;
= - Y:. 22
B —1iB+s\ & )" (22)
Eq. (22) is the money market clearing condition and it is our equivalent of the LM curve. Here M, is the stock of money
exogenously determined by the central bank and available for the young generation to hold as part of their optimal portfolio.
E, oi 1414 _ (Pet1 +2Pey1Ye1) /P —o. (23)
G \ P/ Py/Pe

Eq. (23) is the no-arbitrage condition (NAC) between the money interest rate and the return to capital. This equation repre-
sents the assumption that physical capital and government bonds pay the same rate of return and it has no analog in the
simplest version of the IS-LM model.

PG = aPY: + Pee + My (24)

Eq. (24) is the expenditure function of the old. It says that the old’s expenditure on consumption must be equal to the
income plus principal from selling capital plus the value of the money held by the old.

=0t

Eq. (25) is the social production function. This equation serves only to determine employment and it plays the role of the
45 degree line in the Keynesian Cross model.
Next, real GDP is the sum of the consumption of the two generations

Ye=G+G. (26)
Finally, we add a seventh equation, the belief function (27).
Et[M] — 0. 27)
t+1

The belief function distinguishes our model from the New Keynesian approach and it replaces the New Keynesian Phillips
curve. In the absence of this new element, the other six equations would not uniquely determine the seven endogenous
variables {Y[,Pt,i[,I’K[,Lt,Cg',Cﬁ}. The belief function is an equation that determines how much households are willing to
pay for claims on the economy’s capital stock. It represents the aggregate state of confidence or ‘animal spirits’ and, in
combination with the other six equations of the model, the belief function selects an equilibrium.

In our comparative statics exercises in Section 8, we compare two alternative specifications for the belief function. In one
specification we assume that,

®;=0 for allt. (28)

We call this assumption fixed beliefs and it amounts to the assumption that, in the collective view of asset market partici-
pants, the stock market has some fixed real value measured in terms of the CPIL
In a second specification we assume that

Pyt
@t = ?[ .

We call this assumption adaptive beliefs and it amounts to the assumption that, in the collective view of market participants,
the real value of the stock market is a random walk. This second assumption, which is a better description of the actual
behavior of stock market prices, has a non-standard implication that we draw attention to in Section 10.3. It implies that
unanticipated shocks to the money supply can have permanent effects on the steady state unemployment rate.'6

Egs. (21), (22), (23), (24), (26) and (27) determine aggregate demand. Given beliefs {©;} and monetary policy M;, these
equations select an equilibrium sequence for {Y;, P;, it,I’,ct,Cg',Cf} and Eq. (25) determines how much labor firms need to
hire to satisfy aggregate demand. Since employment is determined recursively, in the subsequent parts of the paper we
dispense with Eq. (25) in our discussion of equilibrium.

(29)

16 Farmer (2012c, 2015) finds evidence that the real value of the stock market and the unemployment rate can be parsimoniously modeled as co-integrated
random walks. Our work in this paper provides one possible theoretical model that can explain this finding.
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Fig. 2. The IS-LM-NAC representation of the steady state.

7. The IS-LM-NAC representation of the steady-state

In this section, we show that the steady-state equilibrium of our model admits a representation that is similar to the
IS-LM representation of the General Theory developed by Hicks and Hansen. The IS-LM model is a static construct in which
the price level is predetermined. To provide a fully dynamic model, Samuelson closed the IS-LM model by adding a price
adjustment equation that later New-Keynesian economists replaced with the New-Keynesian Phillips curve.

We take a different approach. We select an equilibrium by closing the labor market with a belief function. Our model
consists of the IS curve, the LM curve and the NAC curve. The NAC curve is a new element that equates the return to capital
to the nominal interest rate. And unlike the interpretation of animal spirits that was popularized by Akerlof and Shiller
(2009), pessimistic animal spirits are fully rational. The people in our model are rational and have rational expectations but
they are, sometimes, unable to coordinate on a socially efficient outcome.

The following equations characterize the steady-state equilibrium:

. 1-« )

M - (1+i
IM: 5 = l+,3+5(i>y’ S
NAC: i= %. (32)

Egs. (30)-(32) determine the three unknowns: Y, i and P, for given values of M and ®. We treat ® = E[P/P] as a new
exogenous variable that reflects investor confidence about the real value of their financial assets and by making ® exogenous
we provide a new interpretation of Keynes’ idea that equilibrium is selected by ‘animal spirits’.

In (Y, i) space, the IS and NAC curves determine Y and i and the price level adjusts to ensure that the LM curve intersects
the IS and NAC curves at the steady state. We illustrate the determination of a steady state equilibrium in Fig. 2.

The IS curve, Eq. (30), is downward sloping and its position is determined by animal spirits, ®.

In a steady state equilibrium, beliefs about future wealth are self-fulfilling. When people feel wealthy, they are wealthy.
Beliefs about wealth determine consumption, and firms hire as much labor as necessary to satisfy demand. The value of
capital in a rational expectations equilibrium adjusts to match the beliefs.

8. Two comparative static exercises

In this section we ask how shifts in exogenous driving variables affect the equilibrium values of Y, i and P. We conduct
two comparative static exercises. In the first exercise we increase ® from a low value to a higher value at some date, t =1,
and we assume that it remains constant thereafter. In the second exercise, we hold ® fixed forever and we increase the
stock of money.!”

Consider first, the experiment of an increase in the belief about the value of financial wealth. A greater value of ®
influences output through two channels. Firstly, since consumers believe, correctly, that they are wealthier, real consumption
of goods and services increases. The IS curve shifts to the right. Moreover, higher asset prices reduce the interest rate and
the NAC curve becomes flatter. These effects are illustrated in Fig. 3.

17 In Section 10 we consider an alternative model of expectation formation in which the belief about the future value of capital is equal to its current
realized value.
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Fig. 4. An increase in the money supply.

As people become more confident, the IS curves shifts to the right beginning at the solid IS curve and ending at the
dashed IS curve. At the same time, the NAC curve shifts down and to the right, from the solid NAC to the dashed NAC
curve. Because output increases, the demand for real money balances increases, and the price level must be lower in the
new steady state equilibrium. This is reflected on Fig. 3 by a rightward shift in the LM curve. Because the class of Cobb-
Douglas utility functions implies a unitary elasticity of intertemporal substitution, the intertemporal substitution effect and
the income effect cancel each other out and, at the new equilibrium, the interest rate remains unchanged.

Consider next, the effect of an increase in the stock of money, which we illustrate on Fig. 4.

Egs. (30) and (32) determine the equilibrium values of output and the interest rate independently of the stock of money.
The demand for real balances depends only on Y and i and, once these variables have been determined, the price level, P,
adjusts to equate the real value of the money supply to the real value of money demand. It follows that changes in the
supply of money will cause proportional changes in the price level and the nominal value of wealth, leaving output and the
interest rate unchanged.

Fig. 4 illustrates the effects of a change in M on a graph. The LM curve after the increase in the money supply is identical
with the LM curve before the change, illustrating the concept that money, in our model, is neutral. However, as we will
show in Section 10, this result depends on the form of the belief function. If beliefs about the future value of financial
wealth depend on the current realized value of wealth, an increase in the money supply may have a permanent real effect
on output through its effect on business and consumer confidence.

9. Dynamic equilibria

In this section we shift from a comparison of steady states to a description of complete dynamic equilibria. To study
the equilibria of the complete model, we use the algorithm, GENSYS, developed by Sims (2001). First, we choose a constant
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Table 1

Calibration.
Parameter  Definition Value
o Share of capital in output 0.33
B Subjective discount rate 0.50
§ Coefficient on real money balances in utility ~ 0.05

sequence {M, ®} to describe policy and we log-linearize the dynamic equations around a steady state. Let

. /
Xe = [Ve. it. e, Pices BelVeir] Be[Pear] Be[Presan]] (33)
be log deviations of the endogenous variables from their steady state values. Let
& = [my, 6] (34)
log deviations of the exogenous variables from their initial values and define three new variables,
nt = pe — Ecalpel, (35)
N = pre — Ee1lPrel. (36)
n2 =y — Eealyl. (37)

These new variables represent endogenous forecast errors. Next, we log-linearize Eqs. (21)—-(23) and (27) and we append
them to Eqgs. (35)-(37). That leads to the following linear system of seven equations in seven unknowns,

Coxe = T'xe_q + Wer + e, (38)

The matrix W is derived from the linearized equations and it explains how shocks to M and shocks to ® influence each
of the equations of the model.

Once we have provided a model of beliefs, the steady state of our system is determinate. For every specification of the
belief function, Eq. (27), there is a unique steady state. In this sense, our animal spirits model is similar to any dynamic
stochastic general equilibrium model. For a given specification of fundamentals, there is a unique predicted outcome.

But the fact that the model, augmented by a belief function, has a unique steady state, is not enough to uniquely deter-
mine a dynamic equilibrium. To establish uniqueness of a dynamic equilibrium, we must show that for every representation
of fundamentals, where fundamentals now include beliefs, there is a unique dynamic path converging to the steady state.
The uniqueness or non-uniqueness of dynamic equilibria is determined by the properties of the matrices 'y and I'y, in Eq.
(38).

To establish the properties of a dynamic equilibrium, we must provide a calibrated version of the model since determi-
nacy of equilibrium is, in general, a numerical question. To study determinacy, we used the calibration from Table 1.

For this calibration, we found that our model has one degree of indeterminacy. In words, that implies that for any set of
initial conditions there is a one dimensional continuum of dynamic paths, all of which converge to a given steady state. In
practice, it means that the rational expectations assumption is not sufficient to uniquely determine all three of the forecast
errors, 7, as functions of the fundamental shocks, ¢;. When the model displays dynamic indeterminacy, there are many
ways that people may use to forecast the future, all of which are consistent with a rational expectations equilibrium (Farmer,
1991; 1999).

Following Farmer (2000), we resolve this indeterminacy by selecting a particular equilibrium for which

Nt =pe —Ecalpe] = 0. (39)

This equation is a special case of Eq. (35). In words, this assumption means that money prices are set one period in advance.
It is important to note that price stickiness does not violate the property of rational expectations. The equilibrium with sticky
prices is one of many possible equilibria of the economy where agents form self-fulfilling beliefs about wealth and it is an
equilibrium that explains an important property of the data: Unanticipated monetary shocks have real short run effects and
they feed only slowly into prices.

In our model, the equilibrium is selected by the way that people form beliefs. How should we view the choice of an
equilibrium with predetermined prices? Farmer has argued elsewhere (Farmer, 1999) that when there are multiple equi-
libria, we should allow the data to determine how people form beliefs in the real world. It may be, for example, that a
small but unmodeled cost of changing prices leads market participants to an equilibrium where prices are predetermined.
Here, we choose to display the properties of the predetermined price equilibrium and we refer the reader to the paper by
Farmer and Nicolo (2018) which provides evidence that a predetermined price equilibrium of this kind is a good fit to US
data.
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10. Three dynamic experiments

In this section, using the parameter values from Table 1, we analyze three dynamic experiments. In the first experiment,
we begin from a steady state, and we ask how a permanent unanticipated increase in confidence affects the endogenous
variables of the model. In the second and third experiments, we ask how a permanent unanticipated increase in the stock
of money affects the economy.

In our second experiment, the belief of households about the future real value of the stock market is invariant to its
current value. In our third experiment, households expect the future real value of the stock market to be equal to its current
value. We refer to the alternative assumptions in experiments two and three as fixed and adaptive beliefs.

In the case of fixed beliefs, the experiment of increasing the money supply, has the same long-run effects that it would
have in a classical model in which output is supply determined: Money is neutral. In contrast, if households form their
beliefs adaptively, a permanent increase in the money supply has a permanent effect on output. Money is non-neutral
because it increases the real value of the stock market in the short run and that increase is translated, through a confidence
effect, into a permanent increase in beliefs about the value of the stock market.

Is it reasonable to think that a change in a nominal variable may have permanent real effects? We think so. Farmer
(2012a) and Farmer and Nicolo (2018) have estimated a model of the US economy in which beliefs about future income
growth are equal to current income growth and they have shown that a belief function of this kind outperforms standard
New-Keynesian models closed by a Phillips curve. In their model, the central bank sets the money interest rate and changes
in the interest rate have a permanent effect on the unemployment rate by shifting the economy from one equilibrium to
another. In our model a similar shift from one steady state equilibrium to another is achieved by an increase in the money
supply which raises share prices and has a permanent effect on animal spirits.

10.1. Experiment 1: A shock to confidence

Fig. 5 displays the dynamic paths of eight variables in response to a one time increase in beliefs about the future value
of capital. We call this a shock to confidence.

Panel (a) depicts the value of beliefs about the future real value of the stock market, E; [P1<,t+1 /PM]. This is the variable
we refer to as ©. In our first experiment, ® increases by one percent and it remains one percent higher for ever after. Panel
(b) shows the value of the money supply, which we hold fixed for this experiment.

Panel (c) shows that, in period 2, output increases and remains permanently higher by one percent. This occurs be-
cause rational forward-looking consumers increase their spending on goods and services and firms respond by hiring ad-
ditional workers to produce these goods. Panel (d) shows that the price level falls and stays permanently lower. Greater
output increases the demand for real money balances and the price level must fall to equate the demand and supply of
money.

Panel (e) shows that, in period 2, the realized value of real stock-market wealth increases by one percent. That follows
from the rational expectations assumption; people expected the value of share prices to increase and, in a rational expec-
tations equilibrium, that belief is supported by the way that people form their beliefs in period 2 and in all subsequent
periods. From panel (g), we see that the real interest rate jumps up in period 1 and reverts to its steady-state value there-
after. Because the price level and the money interest rate do not adjust in the first period, the real interest rate adjustment
is achieved by a self-fulfilling adjustment to the expected future price level.

We want to draw attention to several features of these impulse responses. First, although adjustment to a confidence
shock is delayed, the delay lasts for only one period. That follows from the stylized nature of a model in which there are
no endogenous propagation mechanisms. Second, prices do not respond at all in the first period. In the New-Keynesian
model, prices are sticky because of adjustment costs or restrictions on choice. Although we are not averse to the possi-
bility that restrictions of this kind may be important in the real world, they are not an essential element of our theory.
In our model, prices are fixed because people rationally anticipate that output, not prices, will respond to unanticipated
shocks.

If models in this class are to be taken seriously as descriptions of data, they must be tied down by an assumption
about how beliefs are formed. To give the model empirical content, one must assume that the belief function remains time
invariant at least over the medium term. If that assumption holds, the parameters of the belief function can be estimated in
the same way that econometricians estimate preference parameters. See Farmer (2012a) and Farmer and Nicolo (2018) for
examples of empirical exercises that estimate a version of this model on U.S. data. These papers tie down the equilibrium
of the theoretical model by treating the covariance of prices with contemporaneous variables as a parameter of the belief
function. In the empirical work of Farmer (2012a) and Farmer and Nicolo (2018), it is the sticky price equilibrium that best
explains data.

10.2. Experiment 2: A shock to the money supply with fixed beliefs

In Sections 10.2 and 10.3 we show that the way economic agents form beliefs about the future, matter for the long-term
effect of monetary shocks.
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Fig. 5. A permanent shock to confidence.

In Section 10.2, we consider the case of fixed beliefs, which we model with Eq. (40),

Et[” ““] _o. (40)
P

Fig. 6 displays the dynamic paths for the variables of this economy in response to a shock to the money supply when
beliefs are modeled in this way. This shock is reflected in Panel (b) which depicts the time path for M. We assume that at
date 1, M increases by one percent and that it remains one percent higher forever after. Panel (a) reflects our assumption
that beliefs are fixed.

Panel (c) shows that output increases temporarily in the first period by one percent. This happens because prices are
predetermined and are unable to adjust until period 2. Instead, the increase in the money supply causes an increase in
aggregate demand that is met by a corresponding temporary increase in output and employment. Firms hire more workers
to satisfy the increased aggregate demand.

Panel (d) shows that prices respond in period 2 and remain 1 percent higher. This increase neutralizes the increase in
the money supply and is consistent with the return to steady state of output reflected in panel (c). Panels (e) and (f) show
that the real value of shares in the stock market increases and then returns to its original value. In contrast, the money
value of shares in the stock market goes up by one percent and remains permanently higher. From panel (g) we see that
the real interest rate falls in period 1 and panel (h) shows that the money interest rate remains constant during the entire
exercise.

10.3. Experiment 3: A shock to the money supply with adaptive beliefs

To model adaptive beliefs, we replace Eq. (40), with Eq. (41),
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Fig. 6. A permanent shock to the supply of money under fixed beliefs.
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E . = —. 41
t[ [ [ (41)

When beliefs are adaptive, households expect the real value of the stock market to be a random walk. This is a special case
of a more general model in which beliefs are formed by the following adaptive expectations equation,'8

me] <PK[> [PK.t]
Be| R o3 (L) 4 (1= A)E | L] A el0,1].
Ew 5E)+ (1= 2)E| [0.1]

Fig. 7 displays the dynamic paths for the variables of this economy in response to a shock to the money supply when
beliefs about the real value of shares in the stock market are determined by a random walk. We assume that M increases
by one percent and that it remains one percent higher for ever after. The shock to the money supply is reflected in Panel
(a).

The increase in the stock of money causes an increase in the money price of financial assets; this is shown in Panel (f).
Because the price of goods is predetermined, the increase in the nominal share price is also an increase in its real price as
shown in Panel (e). Panel (b) shows that beliefs about the future real value of shares respond to this monetary shock and
they remain permanently one percent higher in all subsequent periods. Panel (c) shows that the increase in the real value of
the stock market triggers an increase in output that is sustained because of the effect of the increase in the money supply
on beliefs, as reflected in Panel (b). Panels (d), (g) and (h) show that the price level, and the real and nominal interest rates

18 We have restricted ourselves to the special case of A = 1 because Farmer (2012a) estimated a model that allows A to lie in the interval [0,1] and found
that empirically, the data favors a model where A = 1.
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Fig. 7. A permanent shock to the supply of money under adaptive beliefs.

do not respond at all to a one off permanent increase in the money supply which is reflected entirely in changes to output
and in the real value of financial assets.

11. Conclusion

We have proposed a fresh way of thinking about the monetary transmission mechanism. By integrating Keynesian eco-
nomics with general equilibrium theory in a new way, we have provided an alternative to the IS-LM framework that we
call the IS-LM-NAC model. Our new model provides an alternative narrative to New-Keynesian economics to explain how
macroeconomic policy influences prices and employment.

Our approach differs from New Keynesian economics in two fundamental ways. First, our model displays dynamic in-
determinacy. We focus on a dynamic path with predetermined prices to show that changes in the money supply may
affect real economic activity even if all nominal prices are perfectly flexible. Second, our model displays steady state in-
determinacy that arises as a consequence of search frictions in the labor market. We replace the classical search assump-
tion that firms and workers bargain over the wage, with the Keynesian search assumption that beliefs about the future
value of the stock market select a steady-state equilibrium. In our view, beliefs should be treated as a new fundamental of
the model. The belief function advances our understanding of why the unemployment rate is so persistent in real world
data.

Finally, we have presented a simple graphical apparatus that can be used by policy makers to understand how policy
affects the economy. A new element, the NAC curve, connects the interest rate to current and expected future values of the
stock market and it explains how ‘animal spirits’ influence economic activity. The IS-LM-NAC framework provides a rich new
approach to policy analysis that explains the short-run and long-run effects of policy, without the assumption that prices
are prevented from moving by artificial barriers to price adjustment.
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Appendix A. Generalizing our approach

A referee has pointed out that our graphical method relies on the assumption that only current income enters decision
rules and asks if our model generalizes to models of permanent income or models with long-lived agents. The answer is
19
yes.

A.l. The demand side of the economy

Here, we adapt the Blanchard perpetual youth model (Blanchard, 1985) to deliver a version of the IS-LM-NAC model
in steady state. To keep the presentation simple, we assume that there is no aggregate uncertainty. The case of aggregate
uncertainty can be handled by modeling the pricing kernel using the work of Farmer et al. (2008) and adapting the methods
described in Farmer (2018).

Time is discrete and indexed by t =0, 1, 2, .... There is a total mass of population equal to 1. Every agent faces a constant
probability A of surviving into the next period. At the beginning of each period, a fraction 1 — A of agents die, and an equal
mass of individuals is born. Generations are indexed by the date of birth s. As in Blanchard (1985), we assume the existence
of annuities and a competitive set of life insurance companies that pay every agent an additional return to financial wealth
in return for a claim on the agent’s wealth upon death. Free entry guarantees zero profit of the insurance companies.

Conditional on surviving, agents discount the future at rate 0 <8 <1. Each generation’s preferences are defined over
sequences of consumption {C7}2; and real money balances {M;_,/P}2,,

=) . ) M )
;Uﬂ) <(1 ~8)logC,, +8log (;;H))

t+1T

where consumption and money holdings are indexed by the generation s for s <t.
Households hold three assets: money balances, M;_,, that provide liquidity services and enter the utility function, gov-
ernment bonds Bf ; that pay the rate of return i, and shares S} ; of a representative firm that has a value of F; and that

pays dividends D;. The flow budget constraint takes the form:
1 .
PG+ M 4 +B} +SF=WL+ X[Sﬁ(Dt +F)+M + (1 +i1)Bf].

The term 1/A in this expression represents the annuity premium paid by the life insurance company in return for a claim
on the agent’s wealth in the event of death. We also assume that people are born with zero wealth; that is, St =0, Mf =0,
and B! = 0.

Under the no arbitrage condition and assuming no uncertainty, the dollar return to holding a government bond equals
the dollar return to holding stock:

_ Do+
N

Because preferences are given by a Cobb-Douglas utility function, spending on consumption and money holding are each
equal to a constant fraction of each agent’s wealth:

1+

RC=(1-8)(1- ﬂA)H(Sﬁ(Dt R+ M (1 i )B) + H |

i 1 .
T M =00 - ﬁx)[x(si(nt HF) 4+ M+ (1+i1)B) +H§)],
where Hf is the nominal value of human wealth defined recursively as

H = Wil + 14 te

Define the following aggregate variables:

19 A second issue that was raised by a referee is whether our model would survive the introduction of produced capital. We suspect that the answer is
yes. But the model would need to be more elaborate in other dimensions. In a one-sector model with reproducible capital, the relative price of capital
is pinned down by technology and economic fluctuations cannot be driven simply by the relative price of capital as they are in the model we present in
this paper. To give full justice to a model with reproducible capital it would seem to us, that either one should build a two-sector model, or one would
need to drop the assumption of a static labor market by allowing for labor as a state variable. Either of those variations would permit the value of the
stock-market to diverge from the value of capital and allow the introduction of self-fulfilling beliefs about the relative price of an asset to drive business
cycle fluctuations.
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where recall that, in period t, the newborns have zero assets.
The demand side of the economy is completely described by the following three equations:

RG=(1-8)(1—BA)[Sc(D;+E) + M + (1+1i;_1)B; + H],

i .
T Mot =81 = BRSO + F) + Mo+ (1+ie-1)Be + Hel

Hy = WiLe +

A
~H .1,

1+ i t+1
plus the no-arbitrage condition

_ Deii +Fiq

1+ E
t

A.2. The supply side of the economy

The production sector is comprised of a continuum of identical perfectly competitive firms. Because all firms will make
the same decisions, we consider the problem of a representative producer.
The firm owns a unit of non-reproducible capital and hires labor to produce goods. The production function is given by

Yt = X[]_as

where X; is labor used in production.
In period t, the firm hires L; workers that must be assigned to production, X;, and recruiting, Vi,

L =X+ V.
Each worker assigned to recruiting hires q; workers,
Ly = q:Vt.

The firm maximizes its value which equals the discounted present value of its cash flow, all of which is paid out as divi-
dends,

D; = BY; — WiL;.

The value maximization problem is constrained by the following two equations,
L =Xi + V¢,

and
Lt = qiVs.

Because we assume that workers are fired and rehired every period, the firm’s problem reduces to a sequence of static
maximization problems with the following first order condition which holds in every period,

(1 —a)PY; =WiL;.
Dividends, in the optimal solution, are given by
Dy = aRY;.
At the aggregate level, there exists a matching technology,
- _ 1
q:Ve = (FVr) 2,

and, in equilibrium, I; = L, V; = V¢, and L = (T'V;) /2.
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A.3. Equilibrium

An equilibrium is a sequence of consumption, production, employment, asset holdings and prices such that the above
equations hold, the goods market clears, C; = Y;, the demand for money equals the fixed supply, My, = M, ,, debt is in
zero net supply, B;;1 = 0, and the stock of capital is fixed, S¢;; = 1. We allow unemployment to be different from the social
optimum and we close the model by assuming that agents form beliefs about the real value of the stock market,

Ft+1
Pt+1

A.4. Steady state

To derive the model equations in the steady state we first find expressions for Q, V, X and Y as functions of steady-state
employment, L. These functions are derived as follows. Using the labor recruiting equation,

L=qV,
the labor allocation identity,

X+V=IL,
plus the aggregate matching function and the production function we attain the following steady-state relationships

1-a
r 1? 1? 1?
=—, V==, X=L-=, Y=(L-= . Al
=1 r r < F) (A1)

Because the production function is non-monotonic in L we assume that in any search equilibrium, the economy is on the
rising part of the production function; that is, L < % Given this assumption, for any

(5075

we can find a unique value of L and, from Eqs. (A1) we can find expressions for steady-state g, V and X. Further, from the
first-order conditions of individual firms we have,

% =1 -a),
and
% =aY.

By substituting these expressions into the demand equations for consumption and real balances and using goods market
clearing, C =Y, the assumption that debt is in zero net supply, B =0, and the fact that there is a single non-reproducible

unit of capital, S = 1, we arrive at the following four equations in the five variables Y, % % % and i,
yz(1_5)(1_ﬁ/\)[w+g+¥+%], (A2)
%%:8(1—,3)»)[(”4—%4—%4—%], (A3)
%:(1—a)Y+1L+i%, (A4)
s D (AS)

P

To close the system we assume that beliefs about the stock market (animal spirits) are given by the expression F/P = ©.
These four equations determine the four real variables: Y, i, M/P, and H/P. The steady state price level, P, is determined by
the nominal money supply M.

Summarizing this discussion, we can characterize steady-state equilibrium in a long-lived agent model with three equa-
tions. Two of these equations, the LM curve and the no-arbitrage equation, are similar to the two-period-lived model. These
are given by the expressions,
M 5 1+i

P 1-§ i

(LM Curve)
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and,
i aY
R
Note that the LM curve has a positive slope in space (Y, i) space.
To obtain the IS curve, substitute for M/P and H/P in Eq. (A2) and divide both sides by Y to give:
® § 1+i 1-«
1=1-6)1-8A — —_— .
(1=0)1-p )[‘”Y 15 1—1%.]
By totally differentiating this equation and evaluating the partial derivatives at the steady state one readily verifies that the
IS curve defines a downward sloping relationship in (Y, i) space. Further, one verifies that increases in confidence, which we
attribute to ®, shifts the IS curve to the right.

(NAC Curve)

(IS Curve)

Supplementary material

Supplementary material associated with this article can be found, in the online version, at doi:10.1016/j.euroecorev.2019.
02.005.
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