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Abstract

We revisit the question of why shifts in consumer spending drive business cycles. Our theory com-
bines intertemporal substitution in production with rational confusion (or bounded rationality) in
consumption. The first element allows aggregate supply to respond to shifts in aggregate demand
without nominal rigidity. The second introduces a “confidence multiplier,” namely a positive feed-
back between loop between real economic activity, consumer perceptions of permanent income,
and investor expectations of returns. This mechanism amplifies the business-cycle fluctuations trig-
gered by demand shocks (but not those triggered by supply shocks); it helps investment to comove

with consumption; and it allows front-loaded fiscal stimuli to crowd in private spending.
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1 Introduction

In the data, fluctuations in consumer spending, such as those triggered by shocks to the net worth of
consumers (Mian and Sufi, 2014) or by swings in their expectations (Beaudry and Portier, 2006), ap-
pear to cause business cycles. Yet, the theoretical mechanism through which such a drop in aggregate
demand can precipitate a recession, or a fiscal stimulus can offset it, is debatable.

To fix ideas, take the textbook New Keynesian model (without capital) and consider an “urge to
consume less,” i.e., a negative discount rate shock.! Insofar as monetary policy stabilizes inflation
(which is the same as replicating flexible-price outcomes), the drop in aggregate demand does not
generate a recession. It only triggers a perfectly-offsetting movement in the natural rate of interest.
How does the model then make room for demand-driven business-cycles? By equating aggregate
demand shocks to monetary contractions (relative to flexible-price outcomes) and to movements along
a Philips curve (imposing a positive relation between real economic activity and inflation).

This seems unsatisfactory, not only for our tastes but also on empirical grounds. Philips curves are
elusive in the data (Mavroeidis, Plagborg-Mgller, and Stock, 2014) and the principal component of
the actual business cycle fits better the template of a non-inflationary, non-monetary demand shock
(Angeletos, Collard, and Dellas, 2020). This paper therefore seeks a theory that is both “Keynesian” in
the sense of letting demand shocks be the main business-cycle driver and “neoclassical” in the sense
of not relying on nominal rigidity.?

The proposed theory combines two key elements. The first element, intertemporal substitution
in production via variable utilization, opens the door to demand-driven fluctuations in the natural
rate of output. The second element, a certain kind of rational confusion or bounded rationality in the
demand side of the economy, introduces a confidence multiplier—a feedback loop between outcomes
and expectations that amplifies demand shocks (but not necessarily supply shocks), helps investment

co-move with consumption, and allows government spending to crowd in private spending.

A non-vertical AS curve. In the textbook New Keynesian model, there is no room for demand-driven
business cycles because Aggregate Supply (AS) is vertical in the sense that the aggregate production of
today’s goods is irresponsive to their relative price, or the real interest rate.> Our contribution starts with
the elementary observation that this unwanted property disappears once we allow for intertemporal

substitution in production via variable capacity utilization.*

'This is a standard proxy for shocks in consumer credit (Eggertsson and Krugman, 2012; Guerrieri and Lorenzoni, 2017;
Hall, 2011; Mian and Sufi, 2014) and other shifts in aggregate private spending.

“While our paper is committed to obtaining demand-driven fluctuations outside the New Keynesian framework, the
mechanisms discussed below are relevant inside it, too, for they modify the properties of the natural rate of output.

*Note that here we have in mind an AS curve in the space of real output today vs its refative price, namely the real interest
rate. This differs from the Keynesian tradition that casts the AS curve as a Philips curve, or as a positive relation between
real output and the nominal price level, or the nominal inflation rate.

*More specifically, our baseline model introduces variable utilization of land. This mimics the standard formulation
of capital utilization (e.g., Greenwood, Hercowitz, and Huffman, 1988) but abstracts, tentatively, from investment. An



This element of our theory, which does not require any departure from full information and full
rationality, seems empirical relevant on its own right: capacity utilization is strongly pro-cyclical in
the data. But a literal interpretation of this element is not strictly needed: as long as there is some
neoclassical margin of intertemporal substitution in production, the second part of our contribution,

which regards the Aggregate Demand (AD) side of the economy, goes through.

AD and the confidence multiplier. With fully informed and fully rational consumers, the AD side of
our model is standard: it boils down to the Euler condition of a representative consumer. In this familiar
benchmark, consumers respond very differently to aggregate income fluctuations than to idiosyncratic
ones, not only because they can perfectly tell the two apart but also because they fully comprehend
the latter’s distinct equilibrium implications.

We instead let consumers confuse aggregate and idiosyncratic income fluctuations when deciding
how much to spend. In our main analysis, such confusion is rational, resulting from lack of information
about, or inattention to, aggregate shocks.” But the same basic behavioral pattern obtains if we replace
the lack of information with lack of sophistication, or bounded rationality.® Our main contribution is
to show that this friction introduces a feedback loop of a Keynesian flavor.

Whenever a negative AD shock hits the economy, firms cut down on production and employment.
Consumers experience a drop in their employment opportunities and income but can't tell whether
this was because of a negative AD shock or an adverse idiosyncratic shock. In our environment, AD
shocks have no effect on aggregate permanent income, regardless of how large or persistent they are;
this follows from a dynamic translation of Hulten’s theorem.” By contrast, a consumer’s permanent
income naturally varies with idiosyncratic shocks. It follows that, after an adverse aggregate demand
shock, consumers rationally mis-perceive a reduction in their permanent income.

Consumers thus lose confidence, in the sense that they become excessively pessimistic relative to
the case of full-information, full-rationality. But as they do, they spend less, amplifying the original
drop in aggregate demand. This feeds into a further cut in employment and output, a further drop in

confidence, and so on. It is this feedback loop that we refer to as the “confidence multiplier.”

extension adds investment and clarifies that the requisite margin for intertemporal substitution in production remains active
as long as there is variable utilization along an adjustment cost to capital as in standard Q theory (e.g., Abel and Blanchard,
1983).

5This follows the traditions of Lucas (1973) and Sims (2003). See especially Mackowiak and Wiederholt (2009) for why
agents may optimally choose to be little informed about aggregate shocks, and instead allocate most of their attention and
cognitive capacities on tracking idiosyncratic conditions, in line with what we assume in our main analysis.

®As discussed later, such bounded rationality could take the form of simple extrapolative beliefs as in Greenwood and
Shleifer (2014) and Gennaioli, Ma, and Shleifer (2016), or a low-dimensional representation of the world as in Molavi
(2019).

"This is a subtle point. In the New Keynesian model, permanent income covaries with demand shocks insofar as the
latter trigger procyclical gaps from the natural rate of output. But as long monetary policy replicates flexible-price outcomes,
demand shocks do not affect permanent income, regardless of how they affect the natural rate of output itself.



Discounting the neoclassical GE adjustment. Our confidence multiplier is active even if the AD
shock lasts only one period. But when the shock lasts multiple periods, an additional mechanism may
emerge: consumers may discount the future GE adjustment in the real interest rate, either because
they perceive the current adjustment as “noise” or because they under-estimate how much others are
reducing their spending.

This mechanism is akin to the forms of GE attenuation articulated in Angeletos and Lian (2018),
Farhi and Werning (2019) and Gabaix (2020). But whereas in the New Keynesian context of those
papers GE attenuation translates to under-reaction of the output gap to news about future monetary
policy, in our neoclassical context it maps to over-reaction of the natural rate of output to the underlying
aggregate demand shock.® This mechanism thus complements our confidence multiplier in amplifying

the business cycles triggered by demand shocks.

Supply shocks. Consider supply shocks of the RBC type, namely aggregate TFP shocks. Because
such shocks do affect permanent income, their confusion with idiosyncratic shocks has an ambiguous
effect on consumer confidence: consumers under-estimate the aggregate fluctuations in permanent
income at the same time that they over-estimate the idiosyncratic ones. In an empirically plausible
case, these effects wash out and our confidence multiplier is switched off.

Furthermore, because the GE adjustment in the real interest rate is the reverse of that triggered
by demand shocks, the effect of the second mechanism is also the reverse: when consumers under-
estimate the adjustment in the real interest rate, they respond more to demand shocks but less to
supply shocks. All in all, supply shocks are thus dampened at the same time that demand shocks are
amplified. In combination with the assumption of flexible prices, or the absence of a Philips curve,

this allows our theory to match the disconnect of the business cycle from both inflation and TFP.?

Comovement in consumption and investment. To simplify the exposition, our baseline analysis al-
lows for variable utilization of capital (or “land”) but abstracts from investment. If we add investment
but let it be decided with full information and full rationality, we run on a familiar co-movement
“puzzle.” Whenever consumers spend less, investment picks up some of the slack, simply because
the cost of investment (the real interest rate) goes down in equilibrium. Consumption and investment

thus move in opposite directions, which is at odds with the data.!”

8This reflects a difference in the underlying form of strategic interaction, or the way higher-order beliefs matter. Whereas
the kind of NK models studied in the aforementioned works correspond to games of strategic complementarity, the kind of
RBC model we study here corresponds to a game of strategic substitutability. Under-estimating the responses of others leads
to under-reaction in the first type of games and to over-reaction in the latter.

?Consistent with our theory, here we have in mind utilization-adjusted TFP in the data, as in Basu, Fernald, and Kimball
(2006). See also Blanchard and Quah (1989), Gali (1999), Barsky and Sims (2011) and Angeletos, Lorenzoni, and Pavan
(2010) for additional facets of the disconnect between technology and business cycles.

'This puzzle extends from the baseline RBC framework to state-of-the-art DSGE models despite their use of flat Philips
curves, accommodative monetary policies, and various bells and whistles that bolster the empirical performance of the New
Keynesian framework. For instance, Justiniano, Primiceri, and Tambalotti (2010) and Christiano, Motto, and Rostagno (2014)



A version of our confidence multiplier applied on investment decisions helps resolve this puzzle.

1" a temporary drop in either

Insofar as investors are subject to a similar confusion as consumers,
the household or the business component of aggregate demand can trigger a drop in both consumer
confidence (expectations of income) and investor sentiment (expectations of returns). This allows
consumption and investment to co-move.

All'in all, our theory thus fits all the main qualitative properties of actual business cycles: positive
comovement between employment, output, consumption and investment, without commensurate

comovement in either TFP or inflation.

Fiscal Policy. Commentators often claim that fiscal policy can help “boost confidence” but fail to
clarify what they mean by it."> Our theory provides a way to think about this. On the one hand,
it accommodate the idea that fiscal stimuli can boost consumer confidence in the sense we have
defined. On the other hand, it qualifies that this is possible only when the stimulus is front-loaded.
Such a stimulus raises the aggregate demand for today’s goods, triggering our confidence multiplier.
When this multiplier is large enough, the stimulus can crowd in private spending, despite the higher
tax burden.'? By contrast, because a backloaded stimulus induces the opposite intertemporal shift in

production, it fails to raise consumer confidence and necessarily crowds out private spending.

Discussion and related literature. All in all, the picture painted by our theory is consistent with
the Keynesian view of demand-driven business cycles. But it does not equate such fluctuations to
monetary shocks, or to movements along a Philips curve. It therefore fits the template of the “main
business cycle shock” provided by Angeletos, Collard, and Dellas (2020): the principal component of
the business-cycle fluctuations in unemployment, GDP, hours, worked, consumption and investment
in the data appears to be disconnected from both technology and inflation, calling for a theory of
non-inflationary, non-monetary, demand-driven fluctuations.

This brings to mind the older literature on coordination failures (Benhabib and Farmer, 1999;
Cooper and John, 1988; Diamond, 1982), as well as a few more recent works that share our motivation

but our insights (Angeletos, Collard, and Dellas, 2018; Angeletos and La’O, 2013; Bai, Rios-Rull, and

fail to generate positive co-movement between consumption and investment in response not only to consumer discount-rate
shocks but also to the kind of investment-specific shocks (or “risk shocks”) that are the main drivers of the business cycle in
those models.

"In our model this is simply because investors and consumers are the same entities.

2For instance, Robert Shiller made such a claim during the Great Recession, prompting the following response by N.
Gregory Mankiw (http://gregmankiw.blogspot.com/2009/01/):

“Yale’s Bob Shiller argues that confidence is the key to getting the economy back on track. | think a lot of
economists would agree with that. The question is what it would take to make people more confident. ...
Until we figure it out, it is best to be suspicious of any policy whose benefits are supposed to work through
the amorphous channel of ‘confidence.””

3What is more, unlike the New Keynesian model, such crowding-in is possible without accommodative monetary policies
and inflationary pressures.



Storesletten, 2017; Beaudry and Portier, 2013, 2018; Huo and Rios-Rull, 2020; Ravn, Schmitt-Grohe,
and Uribe, 2006). What distinguishes our contribution are its two novel propagation mechanisms:
the margin for intertemporal substitution on the supply side, and the confidence multiplier on the
demand side.

To the extent that the aforementioned works make room for fluctuations in “confidence,” they
do so by equating such fluctuations to exogenous shifts across multiple equilibria or other extrinsic
shocks to higher-order beliefs. We instead allow confidence to vary endogenously, and in response
to intrinsic shocks (such as shocks to consumer discount rates or government spending).

Closely related in this respect are Chahrour and Gaballo (2018) and llut and Saijo (2018). These
works focus on different economics—the former focuses on housing price fluctuations, the latter on
ambiguity and learning. But they share with us the broader theme of letting intrinsic shocks drive
certain “wedges” in consumer or producer beliefs.

Chahrour and Gaballo (2018) further share with us the property that a signal-extraction problem
is the source of macroeconomic complementarity. But they do not share our specific feedback mech-
anism, its context, and its policy implications. The same point applies to Angeletos, Lorenzoni, and
Pavan (2010), Benhabib, Wang, and Wen (2015) and Gaballo (2017).

Our confidence multiplier originates from an informational friction a la Lucas (1972), Sims (2003),
and Mackowiak and Wiederholt (2009). Empirical evidence in support of such a friction abounds;
see in particular the evidence in Andrade et al. (2020) about the confusion of idiosyncratic (industry-
specific) and aggregate shocks.'* But a similar feedback loop can emerge in variants in which agents
are fully informed but form simple extrapolative beliefs as in Greenwood and Shleifer (2014) and
Gennaioli, Ma, and Shleifer (2016), or form a sparse representation of the world as in Molavi (2019).
This allows for a behavioral re-interpretation of our confidence multiplier, which we welcome.

A similar point applies to the discounting of the GE adjustment in the real interest rate: while our
model captures this with the help of incomplete information, as in Angeletos and Lian (2018), it is
possible to recast it with two plausible departures from rationality, cognitive discounting a la Gabaix
(2020) and level-k thinking a la Garcia-Schmidt and Woodford (2019) and Farhi and Werning (2019).
What distinguishes our contribution vis-a-vis these works is not only the change in the context and the
empirical implications of the shared mechanism (recall footnote 8 and the surrounding discussion),
but also our confidence multiplier, which is entirely novel.

Last but not least, our combination of informational frictions and demand shocks is reminiscent

of Lorenzoni (2009). That paper proposes a new micro-foundation of demand shocks, in terms of

"Less direct but complementary is also the evidence in Coibion and Gorodnichenko (2012, 2015) and Angeletos, Huo
and Sastry, which points towards incomplete information about aggregate shocks, and that in Coibion, Gorodnichenko,
and Ropele (2018) and Cavallo, Cruces, and Perez-Truglia (2017), which suggest inattention to and/or sub-optimal use of
publicly available information about the aggregate state of the economy. See also Gabaix (2019) for a review of the broader
empirical and theoretical literatures on inattention.



noisy expectations about future productivity and income, but maintains the propagation mechanism
of the New Keynesian model, using nominal rigidity (along with appropriate monetary policy) to
translate such shocks to procyclical gaps from flexible-price outcomes. Our paper instead revisits the
propagation mechanism itself, dropping nominal rigidity altogether and allowing for demand-driven

fluctuations in the natural rate of output itself.

2 The Model

We consider a neoclassical economy, with flexible prices. There is a single aggregate shock, which
proxies for fluctuations in aggregate demand, and various idiosyncratic shocks, which play the dual
role of introducing idiosyncratic income fluctuations and of allowing for an informational friction.
This informational friction is the core element of the demand block of our model. The core element of

our model’s supply block, on the other hand, is a margin for intertemporal substitution in production.

Islands. Following the tradition of Lucas (1973), we represent the economy as a continuum of islands,
indexed by ¢ € [0,1]. On each island, there is a continuum of firms, each being a monopolistically
competitive producer of a differentiated good. We use (3, j) to identify both the j-th variety produced
on island ¢ and the firm producing it. On each island, there is also a representative household, indexed
by h = i. In each period t € {0, - ,+o0}, the household is employed in the island the household

resides in, but “visits” and purchases the goods of a (non-representative) sample of the other islands.

Household preferences. The preferences of any household & are represented by

where ¢ and n" is its consumption and labor supply at ¢, 31" is its discount factor between t and t + 1
(with 5_; = 1), and U is the per-period utility function. The latter is given by
ot

Ule,n) = - , 2
(en) =117 @

where ¢ > 0 and v > 0 are, respectively, the elasticity of intertemporal substitution in consumption
and the Frisch elasticity of labor supply.

Consumption is given by

ot =F <{C?’t’&}iecf> nd =4 <{C?’j’t}jdo,1]> ’ .

where the functions F" and H are CES aggregators, C?jt is the consumption of variety j from island 4



in period ¢, cﬁt is a consumption index for all the varieties consumed from island 4 in period ¢, C}! is
the set of islands which household h “visits” (i.e., consumes the products of) in period ¢, and &; ; is an

island-specific taste shock. The latter follows an AR(1) process with persistence p¢ € [0,1):

log &t = pelog&i—1 + log €§,t7 (4)

where log eit ~ N(0, ag) isi.i.d. across i and t and independent from all other shocks (and &; —; = 1).

One can think of the islands as different categories of expenditure. To simplify the exposition,
we fix the elasticity of substitution across them to 1, which means a constant expenditure share per
island. On the other hand, to make sure that the monopolist’s problem is well defined and the markup
is finite, we let the elasticity of substitution across the different varieties of the same island be 1 + i,

where p > 0 identifies in equilibrium the monopoly markup. Perfect competition is nested as i — 0.

Demand shocks. We let an aggregate discount-rate shock proxy for shifts in aggregate demand. Each

household’s discount factor follows an AR(1) process with persistence ps € [0,1) :

log 8" = (1 — pg) log B + pg log 81 — logn; + log 2" 5

where 3 € (0, 1) is the steady-state discount factor, logn; ~ N(0, o3) is the aforementioned aggregate
shock, i.i.d. across ¢ and independent of all other shocks in the economy, and log ¢/ ~ A/(0, ag) isan
idiosyncratic shock, i.i.d. across both h and t and independent of all other shocks.'® The latter’s sole
modeling role is to make sure that the household does not know the aggregate shock even though it
knows its own discount factor. Finally, note that 7, enters (5) with a minus, so that a positive realization

for m; corresponds to an urge to consume more, or a positive AD shock.

Inter-temporal trading. Let R; denote the aggregate, real, gross, interest rate between ¢t and t+1. The
corresponding rate faced by the households in island i is given R; ; = Rteft, where log eft ~ N(0,0%)
is an island-specific shock, i.i.d. across time and islands, and independent from all other shocks.
This island-specific, interest-rate shock can be interpreted as the product of a random intermediation
cost.'®lts sole modeling role is to limit the information households can extract from their personal

borrowing and lending conditions, or from the local interest rate.'”

">Throughout, we denote idiosyncratic innovations by ¢/" and €?, for, respectively, households and islands, where =
stands for the various random variables.

'®To see this, let borrowing and lending takes take place via a two-tier market. On the bottom, there is a local market for
one-period bonds, or IOUs, for each island, where households trade with financial intermediaries. On the top, there is a
centralized market where only intermediaries trade. Intermediaries act competitively in both markets, but intermediation is
costly: there is an “iceberg cost” for clearing claims between the local and the centralized market.

7Rational inattention (Sims, 2003; Mackowiak and Wiederholt, 2009) and related forms of bounded rationality can play a
similar modeling role. See Vives and Yang (2018) for an example where rational inattention limits the information extracted
from prices in an asset-market context in the tradition of Grossman and Stiglitz (1980).



Household budget. The household’s total income in period ¢ is wy, ;n + ey, 1, where wp, ¢ is the real
wage on the island i = h the household lives in, and e, ; is the sum of the local profits, which the

household receives as dividends. Its budget constraint can therefore be written as follows:
/ / Pijachpdidi + Ry bty = wpn) + eny + bf (6)
iecl Jjel0,1]

where bl is the net amount of bonds held at the start of period t, with b% = 0.

Firms and production. Consider firm (7, ) on island i. We assume that production is given by a

Cobb-Douglas form between labor and land services, so that the firm’s output in period ¢ is given by
Gige = (lige)®™ (wigekije)' =", (7)

where [; ;4 is the labor input and w; ; :k; j+ are land services. The latter are given by the product of
effective land quantity, k; ;, and utilization rate, u; j ;.

The firm’s operating profit in period ¢ is given by m; ; + = p; j +¢i j.+ — wili j .+, where p; ; ; is the price
of good (4, j) and w; is the wage of the local labor market in island 4. The firm owns its own land,
and is itself owned by the local household. It follows that the firm’s objective is the local valuation of

the stream of its profits:
o

Ei[) it ehsmivs] (8)
s=0

where m; i1 = Ei[(IT/_o B1) Ue(ciys, niy )] is the local pricing kernel, or the marginal utility of
consumption for household h = i.

Each firm is a monopolist in the market for the particular commodity she produces. But since
there are many firms in each island competing for the local labor, each firm is a price taker in the
labor market of the island it operates in (and so is the island’s representative household). Finally,
all the firms of any given island is owned by the local household and distribute their profits to it as
dividends. It follows that the dividend income received by household & (also the total dividends in

island ¢ = h) in period ¢ is given by ey = [ 7 j (dj.

Land and utilization. The effective quantity of land obeys the following law of motion:
Kiji+1 = (1 =6 (uije)) Kijit, 9)

where § (+) is an increasing and convex function and k; jo = ko > 0. The term 1 — §(u; ;+) captures
the negative effect that higher land utilization today has on land productivity tomorrow. This resem-

bles models where the depreciation of capital increases with its utilization, except that there is no



investment in land.'® Accordingly, we require that §(u) = 0 when u takes its steady-state value.'”

Matching. Each household is randomly matched to, and visits, a non-representative sample of the
islands in the first period. This guarantees that the household would not learn the aggregate shock
from observing the prices of the islands it visits even if these prices were to co-move with that shock.?°
At the same time, we assume that the set of the consumers visiting any given island i is a representative
sample of all the consumers. Relaxing this assumption would only introduce a second local demand
shock, which would play the same role as &; ; and would not alter any of the results.

Let p;; be the ideal price index of the goods produced on island i in period ¢, p the ideal price
index of the basket of goods consumed by household & in period ¢, y;+ the total spending for the
goods produced on island i in period ¢, p; and y; the corresponding aggregates, and ¢; real aggregate
spending. 2! By our choice of numeraire, p; = 1 and y; = ¢;. By the assumption that each household

visits only a non-representative, random sample of islands,
ho_ p:h
P = prexp(e;),

where log e’ ~ N (0,02) is i.i.d. across h and ¢, independent from the rest of the economy, and
captures the idiosyncratic variations of the price of the basket of goods consumed by household h.

Finally, by the assumption that each island receives a representative sample of the consumers,

Vit = &ty = &ipce (10)

Information. We assume away any informational friction among the firms so as to isolate the role of
the informational friction on consumers, or the demand side of the economy.?> We then specify the

information set of household & in each period ¢ as follows:

Ih=1" U {ﬂth} U {wh,ta ents R, (pi,l,t)iecgzle[o,u} U {5%371} : (11)

8\We will consider an extension with investment, and capital instead of land, in Section 5.3.

PWithout this restriction, the economy features a balanced-growth path, with positive growth if §(v) < 0 and negative
growth if §(u) > 0. Although these possibilities make little sense under our interpretation of & as land, our results are robust
to them. Furthermore, this “nuisance” disappears once we add investment (Section 5.3). The economy then admits a unique
and globally stable steady state, as in the standard RBC model.

2This possibility does not occur in our main analysis because we focus on equilibria in which the aggregate price level
is fixed at one. Accordingly, we can even drop entirely the random matching and let households observe all the commodity
prices in the economy. However, the random matching guarantees that our main lessons survive in situations in which
monetary policy fails to stabilize the price level. See Section XX for further discussion of this issue.

1/(1-¢)
*More specifically, we define p;; = (fje[O,I] p};id]) dj, ph = (fiec,” §idi> exp (fiecth, & |n(Pri/£i)di/fi€C£L 5idi)/

h
— ho g — ey h — : — [h
Yit = f{h:iecf} fje[O,l] PijtCijedjdh, Pr= fhe[o,l] %pt dh, y = fie[o,l] Yiedi, and ¢ = [ cf.
#5ee, however, Section 5.3 for an extension that lets the friction impact not only consumption but also investment.



That is, the household learns its current discount factor, all the objects that enter its current budget
(tis two sources of income, its interest rate, and the prices of the goods it purchases), and the past
aggregate shock.

These properties, the entire structure of the economy, and the fact that agents have rational expec-
tations are common knowledge. It follows that, in each period, households have common knowledge
of the past aggregate outcomes.?>

This buys us a lot of tractability, as there is no need to keep track of the dynamics of the hierarchy
of beliefs. But it does not drive our results. In fact, it only weakens the ferocity of the mechanisms
identified in this paper, because it forces learning to be very fast.

What is essential is only that we have removed common knowledge of the concurrent aggregate

demand shock and have allowed this shock to be confounded with idiosyncratic income fluctuations.

These properties and their implications will become clear in the subsequent analysis.

Equilibrium . The solution concept is (Noisy) Rational Expectations Equilibrium. Because of the CES
specification and the symmetry of the firms within each island i, the demand faced by each firm (z, j)

in period t can always be written as
/ o0 dh = s (Pije /i)~ Vi, it (12)
{n-iech}

We can then define an equilibrium as follows:

1. Each household h chooses contingent plans for consumption and labor supply so as to maximize
its expected utility subject to the budget constraint given in (6), the informational constraints
embedded in (11).

2. Each firm (7, j) chooses contingent plans for inputs, production and prices so as to maximize its

expectation of (8) subject to (9) and (12).

3. The goods and labor markets clear:>* for every island i, every period t, and every realization of

uncertainty,
h . h .
ciidh = q; ¢ Vj and ny = /l-7 i1dj. (13)
/{h;z‘ecth} ot " ! "

Steady state, log-linearization and notation. To keep the analysis tractable, we henceforth work with

the log-linearization of the model around its steady state.?> With abuse of notation, we henceforth

Because aggregate outcomes are measurable in the aggregate shocks, common knowledge of the history of the exoge-
nous shocks, which we have assumed via (11), implies along any rational-expectations equilibrium common knowledge of
the history of the endogenous aggregate outcomes.

**We do not explicitly require that the bond market clear, because this follows from Walras’ law once we clear that
markets for good and labor.

>For the existence and characterization of the steady state, see Appendix XX.
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reinterpret all the variables as the log-deviations from their steady-state counterparts. Finally, because
firms are symmetric within islands, we can drop the firm index from all the relevant variables: I; ; ; =

i, wijt = it Gijt = ¢ir and p; j+ = p; for all firms j within any given island 1.

3 Aggregate Supply, Aggregate Demand, and Beliefs

In this section we derive the equilibrium conditions of the economy. We organize them in two blocks,
one representing aggregate supply (AS) and another representing aggregate demand (AD). We further
show how consumer beliefs are determined and how they enter the demand block.?® We thus set
the stage for the next section, which completes the equilibrium characterization by studying the fixed

point between aggregate supply, aggregate demand, and beliefs.

3.1 Aggregate Supply

We characterize the supply side in two steps. First, we momentarily take the utilization decisions as
given and obtain aggregate employment and aggregate output as functions of the aggregate utilization
and the aggregate stock of land. Second, we work out the optimal utilization decisions.

By the Cobb-Douglas specification of the production function, local output is
Git = (1 —a)(uit + kir) + odiy.
By the FOC of the firm’s problem with respect to its labor input, the local demand for labor is
lig = pit + qip — wig. (14)

By the corresponding FOC for household h = i, the local supply of labor is

ni =v (w@t — pé) — gci, (15)
By market clearing in the local labor market,

lig = nft

Finally, by (16) and the fact that ¢; = y; in equilibrium, local demand, or local firm revenue, can be
expressed as follows:

Pit+ it = Yiz =yt + &t (16)

%Keep in mind that, although the supply side of our model is forward-looking, the informational friction enters the
equilibrium only via the demand side, because it is consumers, not firms, who are imperfectly informed.
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Aggregating all these conditions, and combining them, we can solve for aggregate output/spending

as functions of u; and k;, the aggregate utilization rate and the aggregate land stock. In particular,

yr = (1 — &) (ug + ky) (17)

(1-a)(1+2
1+l,(a+g) G (0’ 1)

Consider now a firm’s optimal choice of utilization. Because more utilization today increases

wherea=1—

output today at the expense of degrading the effective stock of land, the optimal utilization choice is
naturally forward-looking. Let 9; ; denote the shadow value of land at the start of period ¢. The typical

firm’s FOC for utilization can then be expressed as follows:
Pit+Git —Uir = —Rit +Ep [05141] + duis + ki, (18)

where ¢ > 0 is a scalar that parameterizes the elasticity of utilization 2’ and E [-] is the full-information
rational expectation in period t. The left-hand side measures the benefit of more utilization in terms
of higher current production. The right-hand side measures the cost in terms of future productivity
losses, appropriately discounted. The evolution of the shadow value of land is finally given by the

following asset-pricing-like condition:?8

Yir=0—0) it + @it — kit) + BE: 95141 — Rit — Kuit] (19)

Combining and aggregating (18)-(19), replacing aggregate output from (17), using the law of mo-

tion for land, and solving for u;, we reach the following Euler condition for aggregate utilization:
up = %igd,Rt + BE¢ [ugr1] - (20)

This epitomizes the core supply-side element of our analysis: other things equal, an increase in the
relative price of today’s goods (i.e., the real interest rate) stimulates aggregate utilization, thus also in-
creasing the aggregate supply of today’s goods. As anticipated, the elasticity of this margin is inversely
related to ¢, because a higher ¢ means a more convex cost of utilization (a more convex 9).

The supply block is completed with the law of motion for the effective stock of land, which can
be expressed in log-linearized form as ki1 = ki — kuy, for the same scalar « as that appearing in (19).

Putting everything together, we reach the following result.

?’This scalar is defined by ¢ = %, where u* denotes the steady-state level of utilization. A higher ¢ therefore

means a more convex cost for utilization, which translates in equilibrium to a more inelastic utilization margin.
. . . - . 8 (u*)u* . .
8The scalar  appearing in this condition is given by x = 1£57(21), where u* denotes the steady-state level of utilization.
. . . T . 1-8
As explained in the Appendix, x ends up coinciding with <5~ in the steady state.
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Proposition 1 (Aggregate Supply). The optimal behavior of the firms, the optimal labor supply of the

households, and market clearing impose the following equilibrium restrictions for all t:

yt:(l—d)(ut+kt), (21)
s = zigg Re + BB [uei1] (22)
kt+1 = kt — Rug, (23)

along with ko exogenously fixed and lim;_,, Btu; = 0.

Because the above result does not use optimality of consumer spending, it can be interpreted as a
description of the “AS curve” of our model. To grasp how this works, consider a temporary increase
in the real interest rate: R, > 0 fort = 0,---,7 and R, = 0 for ¢t > T. Condition 22 implies that
utilization is also temporarily increased: u; > 0 for¢ =0,...,7 and u; = 0 for ¢t > T. Why? because a
higher-than-normal R; means a higher-than-normal relative price for goods today, and hence a higher
value for “transferring” land services from tomorrow to today via a higher rate of utilization.

This is the crunch of why aggregate supply is “upward slopping” in our model. But note that here
we have expressed aggregate supply as an increasing function of the real interest rate, or the relative
price of goods today vis-a-vis goods tomorrow. This contrasts the Keynesian tradition, which expresses
aggregate supply as an increasing function of either the nominal price level or the rate inflation.

Importantly, this is not just about graphs. In the New Keynesian model, it is possible—although
unusual—to express aggregate supply as a positive function of the real interest rate by appropriately
combining the Philips curve with the Taylor rule for monetary policy and the Fisher equation. Still,
this possibility hinges exclusively on the presence of nominal rigidity and a monetary policy that fails
to replicate flexible prices: in the flexible-price core of that model, AS is invariant to the real interest
rate. By contrast, the reason that AS responds to the real interest rate in our model has nothing to do
with either nominal rigidity or monetary policy: it is a feature of the “natural” level of output and it

reflects the accommodation of intertemporal substitution in production via variable utilization.

3.2 Aggregate Demand

We now turn to optimal consumption and aggregate demand. Consider household k. As standard,
the Euler equation and the relevant transversality condition are necessary and sufficient for optimal-
ity. Combining these conditions with the household’s budget constraint, we arrive at the following

characterization of the household’s (log-linearized) consumption function.
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Lemma 1. For every h and t, household h’s optimal consumption in period t is given by:

+00 +oo
ﬁza—ﬁw%ﬁ%{ijEfMMM+ﬂ&4}+a—m{§jﬁﬂm%ﬁu} 4)

k=0 k=0
where El'[.] = E; [-|Z] is the household’s expectation at period t.
t t P P

The first term captures initial wealth. The second term combines two intertemporal-substitution
effects: that for interest rates and that for intertemporal preference shocks. The last terms captures
permanent income. In this last part, we have used the fact the household’s income coincides with
Ynht = Dht + ant = Yt + Enye, O the total revenue of the firms operating in the island where the
household lives, works, and receives profits from.

To obtain a representation for aggregate demand, we aggregate (24) and use the facts that average
bond holdings are zero, that each household knows its current interest rate, that the future idiosyncratic
shocks to interest rates are unpredictable, and that local revenue equals aggregate income plus the

local taste shock. This yields the following expression for aggregate demand:
+oo +o0
¢t = — B(Ry + B1) — Bo {/ " BEER [Ry 4 dh + /ngEgz EN dh} (25)
k=1 k=1

+oo
+(1-5) {/ZBkEf [Yn,t++] dh} :
k=0

We next manipulate this condition as follows. We rewrite the first integral in it as

+oo +o00
/Z BkE? [Res+r] dh = ZﬁkEt [Ritk] — %gt (26)
k=1 k=1
where )
Gi=-0> / { EM [Reis] — E [Rt+k]} dh (27)
k=1

captures the average misperception of the future adjustment in the real interest rate. Similarly, we

rewrite the second integral as

/ioﬁkEh[Bh }dh—/ Brs_gn\ gy — _Prs ﬁ—fﬁkﬂz[ﬁ ] (28)
2 t |Peyk| Oh = —Bost ~1- s t—k:1 ¢ 5tk l,

and the third integral as
00 400
|30 B el dh = Y- 6B ] + 12351 29)
k=0 k=0

14



where

By

+o0
% Z g / {Ef [Yhtvk] — Et [yt—i-k]} dh, (30)
k=0

captures average misperception of permanent income. Combining, and replacing ¢; by y;, we obtain

the following expression for aggregate demand:
+0o0 +oo
ye = —B(Ri+ B) — Bo Y BBy [Rigw] + Y BEq [yr44] + BB: + BGy
k=1 k=0
Finally, rewriting this condition in recursive form, we reach the following result.

Proposition 2 (Aggregate Demand). Aggregate spending satisfies the following Euler condition:

yr = —0 { Ry + Bt} + E¢ [ys1] + (Be + Gi) (31)
where B; and G; are defined in conditions (27) and (30).

This is the “AD curve” of our model. It is the same as the Euler condition of a textbook, representative-
agent economy, except for the inclusion of the terms B; and G;. When households share the same
information, El []= E; [-] for all h and these terms vanish. Both terms thus originate from the infor-

mational friction. But each one captures a different mechanism.

3.3 The Two Mechanisms

Consider first B;. This term captures the average error in households’ beliefs of their permanent income.
When B; > 0, households on average over-estimate their permanent income, and this contributes,
other things equal, to higher spending today. (The converse is of course true when B; < 0.)
To understand under what conditions B; is positive or negative, let us first let us first study S0 BFE, [y 4] ,
the true aggregate permanent income. In the RBC framework and our economy alike, this object is

invariant to preference shocks (up to the first order).

Proposition 3. The discounted present value of aggregate income satisfies
+00
Zﬂkyt—‘rk = %kt (32)
k=0

and is invariant to n, the aggregate demand shock.

As anticipated in the Introduction, this is a corollary of an intertemporal version of Hulten'’s the-
orem. The present discounted value of aggregate income in our dynamic economy is the equivalent

of aggregate GDP in a static economy. In the latter context, Hulten’s theorem, which only requires
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production efficiency, implies that aggregate GDP is invariant to taste shocks. The translation of this
result to our context, where production efficiency is preserved even though the demand side is ridden
with an informational friction, gives Proposition 3 above.

This result does not mean that demand shocks have no real effects: as we will see, they do drive
fluctuations in current output by shifting the intertemporal pattern in the equilibrium use of the avail-
able resources (land and labor) in the economy. But because the total resources themselves are fixed
and there are no “wedges” in production (unlike what happens in the New Keynesian model), any
demand-driven movements in aggregate output today are necessarily offset by opposite movements
in aggregate output in the future.

Using the above result, we can reduce B; to

+oo
B =1~ p* / Bl [€n11k) dh.
k=0

That is, the misperceptions of total permanent income coincide with the misperceptions of the idiosyn-

cratic permanent income. Furthermore, because E!M[¢), 111] = p’gEth (€] and EMEns) = ynt — EP[w],

we have
— _1-5 _F
5= gy (o~ o)
where E;[] = [ El[]dh. That is, whenever consumers under-estimate the increase in current aggre-

gate income, they also mis-perceive an increase in the permanent income.

Consider next G;. This term captures the average error in beliefs of future interest rates. When G; >
0, households on average expect the aggregate discount-factor to be higher than theirs, or equivalently
the aggregate interest rate to be lower than theirs, and this, too, contributes towards higher spending
today. (The converse is of course true when G; < 0.)

The characterization of G; is a bit more complicated, because the true present discounted value
of the real interest rate, unlike that of income, does vary with the demand shock. However, thank to
the simple structure of the economy, it can be shown that the equilibrium value of R; is proportional
to S;. It follows that the misperceptions of the future interest rates are themselves proportional to the

misperceptions of the current demand shock. In particular,

2

G = — Zr=120 (B — Eu[B)) -

We summarize the above properties in the following result.

Lemma 2. With incomplete information,

B = /8(11:5%) (ye — Bt [y4]) and G = _;‘ng 1?’;‘26 (B — E¢ [Bd])
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where E; ] = [ EJ ['|dh is the average household expectation.

Consider now how B; behaves in response to a positive demand shock (a negative realization for
Bt). Because the AS is positively sloped, the demand shock is expansionary, that is, y: goes up. This is
true even with complete information. But as long as information is incomplete, expectations under-
react, that is, F; [y;] increases less than y;. It follows that B; is positive, which contributes to a further
increase in y;. But as y; increases because of this reason, B; further increases, and so on. This is the
crux of the mechanism we refer to as “confidence multiplier.”

Note that this effect hinges on p¢ > 0, meaning that idiosyncratic income shocks are persistent.
If instead p¢ = 0, today’s income experiences do not feed into expectations of future income, and
B; = 0. But as long as ps > 0, the effect is present regardless of whether the demand shock itself is
transitory (pg = 0) or persistent (pg > 0).

By contrast, pg is a critical determinant of G;. When demand shock is transitory (pg = 0), agents
make no mistake in predicting the future path of either the aggregate interest rate or the aggregate
level of income, guaranteeing that G, = 0. When instead the demand shock is persistent (ps > 0), a
positive innovation today causes agents to underestimate the future adjustment in the aggregate real
interest rate and the corresponding adjustment in aggregate income. This is the crux of the mechanism
we refer to as “discounting the GE adjustment in the real interest rate.”

In the next section, we fill in the details and formally establish how both of these mechanisms help
amplify the response of the economy to demand shocks. This involves the solution of not only the

fixed point between AS and AD, but also of the inference problem of the household.

4 Equilibrium Characterization

In this section we complete the characterization of the equilibrium. We proceed in four steps. First,
we recast AS and AD in a more convenient form. Second, we analyze the inference problem of
the household. Third, we isolate the role of the “confidence multiplier” by letting, momentarily, the
demand shock to be transitory. Finally, we study the complementary role of the “dampening GE” that

emerges when, and only when, the demand shock is persistent.

4.1 Normalized AS and AD

The complete equilibrium is given by the fixed point between equations (21) - (23), which characterize
AS, and equation (31), which characterizes AD. To analyze this fixed point, it is useful to drop the

backward-looking variable k; from the first set of equations and re-express the equilibrium as a purely
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forward-looking system. To this goal, we introduce the following transformation:

(yt - (1 — d)kt) = lgdut.

@[

Yt =

The first part defines §; as aggregate output appropriately “normalized.” The second part uses the pro-
duction function and the equilibrium determination of employment to establish that g, is proportional
to utilization, which itself is a purely forward-looking variable. We can then combine Propositions 2

and 1 to obtain the following representation of the equilibrium in our economy.

Proposition 4 (AS and AD). A path for g, and Ry is part of an equilibrium if and only if it satisfies the

terminal conditions lim;_,o, B4 = limy_s00 'Ry = 0 along with the following two dynamic equations:

U = SRy + BE [Je+1] (33)
Gt = —0 Ry + BE¢ [Jr1] + Bt + Gt — o B, (34)
with ¢ = &1;5‘(7) and with B, and G, given by Lemma 2.

Conditions (33) and (34) are the “normalized” versions of, respectively, aggregate supply (AS) and
aggregate demand (AD). Both equations are forward-looking. In the case of AS, it is because utilization
is forward-looking. In the case of AD, it is because consumption is forward-looking. Their slopes with
respect to the real interest rate are, respectively, ¢ and —o. Finally, the terms B; and G, which are
present in the AD equation and encapsulate the two mechanisms of interest, have now been restated
in terms of the transformed variable g, rather than the original variable y;.

The system provided above is easier to work with than the original given earlier in Propositions 2
and 1 because the new system is purely forward looking whereas the original contains a backward-
looking variable.?? But one has to keep in mind that any solution for §; must be transformed back
to a solution for y;,. This implies that, even though @, is purely forward looking, y; is both forward
and backward looking. Intuitively, any movement in ¢; maps to a moment in the concurrent level of
utilization, which does not affect ;1 but does affect y;11, the actual future income, via its effect on
the effective stock of land.

More succinctly, an increase in §; maps to an increase in current aggregate income but also a
decrease in future aggregate income. This underscores that an increase in g represents an intertem-
poral shift in resources—which is exactly what a “shift in aggregate demand” means in a neoclassical

context.

29The relevant backward-looking state variable, the effective stock of land, has dropped out of the new system thanks to
the adopted transformation of variables. This transformation also explains why E; [§:+1] is discounted by /3 in the normalized
AD curve (34), whereas there is no such discounting in the original AD curve (31).
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4.2 Beliefs: a Simple Representation

We now put more structure on the expectation terms that show up in aggregate demand. Recall
that, in any given period ¢, all past shocks and all past outcomes are common knowledge and the
only concurrent exogenous shock is 7. It follows that, conditional on the commonly known past, the
innovations in the average expectations of all current and future aggregate outcomes, as well in the
aggregate outcomes themselves, are all proportional to 7;. That is, for any aggregate variable z in the
set {f,y,y, R} and any s > 0,

E[zis] = Eem1[Tirs] + 75 (35)

for some scalar 42.3% Note that this condition uses the full-information expectation operator, not the
expectation of the typical household in the economy. But because the information in E; is a superset of
the information in EJ, the expectation of the typical household, and because the latter itself contains

the information in E;_1, the following is also true:
h _ h _ z h
B [we4s] = By [Et[weys]] = Era[mess] + v £ ]

Aggregating the above across h and letting A denote the coefficient of the projection of E;[n;] on n,
we get

Eyfwirs) = Erafwers] + 75 Bl = Ee-1[ze4s] + 95 Mg (36)
Combining (35) and (35), we finally reach the following result.

Proposition 5. /n any equilibrium, there exist a scalar A € (0,1) such that, for any aggregate variable

x in the set {$,y,y, R},

Et [ajt+s] = (]. — )\) Et,1 I:‘/L’tJrS} + )\Et [$t+s] Vt, S Z 0

That is, it is as if the economy is populated by two representative agents: one that only knows the
past, and another that also knows the present, with respective weights 1 — X and A. By the same token,
A is an inverse measure of the severity of the informational friction: the smaller X is, the further away
the economy is from the complete-information benchmark.

The scalar A itself is an equilibrium outcome: it is determined from the fixed point between the
aggregate outcomes, which drive the market signals observed by the typical household, and the latter’s
inference problem, which feeds into actual behavior. But the endogeneity of X is not essential for

understanding the response of the economy to the demand shock. We thus postpone the solution

IThe vector {7 }s>0 identifies the Impulse Response Function of variable = with respect to the demand shock: +Z is the
impact of today’s innovation €” on variable z after s lags. Clearly, this object is endogenously determined in equilibrium.
For the present argument, however, this endogeneity is irrelevant. All that matters is the mere existence of such a scalar,
and this follows directly from the linearity of economy and the Gaussianity of the shock.
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of the aforementioned fixed point for later and focus first on completing the characterization of the

equilibrium dynamics for given \.

4.3 Isolating the Confidence Multiplier

We first consider the case pg = 0, meaning an aggregate demand shock lasting only one period. This
guarantees that E; [§:11] = E¢_1 [:11] = 0 and G; = 0, and therefore that the AS and AD equations

take the following, simpler forms:

Uy = Ry
G = —oR+ (1= N (£55 ) i —oB

Bt

This system, which is essentially statics, allows a straightforward characterization of how the econ-
omy responds a demand shock. As mentioned before, one only needs to keep in mind that any “static”
solution for g; must be transformed back to a “dynamic” solution for y;.

Consider a negative demand shock (a positive realization for 7;) and start with the complete-
information benchmark (herein nested as A = 1). In this case, B; = 0 and the AD curve shifts down
by an amount equal to —o;. This is represented in Figure 1 by the shift of the AD curve from AD?!
to AD'. The intersection of AD! with AS thus identifies the equilibrium pair of § and R that obtain
under complete information.

Why is output falling in response to the demand shock? As consumers try to substitute consump-
tion from today to tomorrow, the real interest rate falls. As this happens, it signals to firms that its
good time to substitute production intertemporally, which amounts to reducing utilization today. This
explains why aggregate output today falls in response to the negative demand shock—but also why
aggregate output tomorrow increases, indeed in a way leaves the permanent income of the household
unchanged (i.e. Proposition 32).

Let us now see what changes once information is incomplete. Had B; been zero, the shock would
have triggered the same shift in AD as under complete information. But because this “first-round”
shift in AD causes current aggregate income to fall, and because households confuse aggregate and
idiosyncratic movements in current income, they incorrectly perceive a decrease in their permanent
income—even though, as already argued above, there is no actual change in their permanent income,
only an intertemporal shift. As this happens, the AD curve shifts further down, from AD! to AD? in
Figure 1, triggering a further reduction in aggregate income, which in turn feeds to additional mis-
perception (a further reduction in B), a further downward shift in the AD curve, and so on.

This series of feedbacks, whose limits corresponds to the “final-round” curve AD™" in the figure,

and explains the economics behind our “confidence multiplier.” The formal result is offered below.

20



Q@)

(2”/!/

QnewN

Figure 1: Feedback Mechanism

Proposition 6 (The i.i.d. Case). Suppose the demand shock is entirely transitory (pg = 0). The

equilibrium response of real aggregate output is given by

8:[/1} conf
o =7 "M )‘7 5
an, (A, pe)
where
_
0= S+o

is the complete-information response of output to i.i.d demand shocks and

S+o

> 1 37)
<+a—<11:5€,§ (1=

mconf()\’ Pf)

is the “confidence multiplier,” namely a multiplier that captures the mechanism described above.
The following is then immediate:

Fact 1. m"(\, p¢) is decreasing in \ and increasing in pe. That is, the confidence multiplier increases

with both the severity of the informational friction and the persistence of idiosyncratic income shocks.

The intuition is obvious: a lower A means more confusion of the aggregate fluctuations for idiosyn-
cratic income fluctuations, and a higher p. means more extrapolation of the present to the future and

therefore a larger change in perceived permanent income for a given demand shock.

4.4 The General Case: Confidence Plus GE Dampening

We now allow the demand shock to be persistent. This does not affect the logic that the demand
shock has no actual effect on aggregate permanent income: the demand shock still represents an

intertemporal shift between “the long run” and “the short run,” although the “short run” is now longer.

21



This also does not affect the size of our confidence multiplier: the ferocity of the feedback loops
described above depend only on the magnitude of the aggregate shock, the degree of confusion, and
the persistence of the idiosyncratic income.

What changes, though, are the expectations that households form about future real interest rates
and the effect this has on aggregate demand under both complete and incomplete information. This

amounts to an additional multiplier, which we formalize below.

Proposition 7 (The General Case). The equilibrium response of real aggregate output is given by

Oy
Ey"::7'7npm#(A7p£)‘7nCE(A;PB)
Ui3
where
Bog 1
Y= T 5
o+¢1—pgp

Conf(

is the complete-information response of output to persistent demand shocks, m " (X, p¢) is the same

confidence multiplier as that defined in Proposition 6 above, and

GE _ ., psbo
m-" (A, =1+ 1-XA)>1 38
(A pp) Py g( )2 (38)
is another multiplier, which captures the mechanism we refer to as “dampening the neoclassical GE

adjustment.”

What exactly is this mechanism? And why does it hinge on the demand shocks being persistent?

When a negative demand shock hits the economy, it triggers in equilibrium a reduction in the real
interest rate, which in turn moderates the original reduction in aggregate demand. This represents
a “neoclassical GE adjustment” that partially offsets the direct, PE effect of the shock on aggregate
demand. Furthermore, the GE adjustment in the real interest rate is as persistent as the demand shock
itself. For example, if the shock lasts 5 periods, the real interest rate falls for 5 periods as well.

With complete information, households not only see the current drop in the real interest rate,
but also perfectly foresee how much the real interest rate will fall during the next 4 periods. With
incomplete information, households still observe the current drop in real interest rates but under-
estimate their future drop. This arrests the forward-looking component of the aforementioned GE
adjustment, leaving aggregate demand to move more strongly with the exogenous shock than what it
would have done under complete information.

We refer to this mechanism as “dampening the neoclassical GE adjustment.” This mechanism is
conceptually distinct from, although complementary to, our confidence multiplier. That mechanism
hinges on the confusion of aggregate and idiosyncratic income fluctuations. The present one instead

hinges on lack of common knowledge of the aggregate shock, and in particular of the news it contains
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about the future: because this news is not common knowledge, households under-estimate the future
responses of others, which herein means that they under-estimate the future drop in aggregate spending
and the resulting drop in the real interest rate. In short, households “discount” the future GE adjustment
in the real interest rate.

At a high level, this mechanism is the same as that articulated in Angeletos and Lian (2018) in
the context of forward guidance for monetary policy at the zero lower bound. But there is a subtle
difference, on top of the obvious difference in contexts. In the model of that paper, the complete-
information GE adjustment amplifies the PE effect of the relevant exogenous shock (a change in mon-
etary policy). In our model, instead, the complete-information GE adjustment moderates the effect
of the relevant exogenous shock (a change in consumer spending). This in turn explains why the
same basic mechanism ends up generating seemingly opposite results. In both cases, lack of com-
mon knowledge arrests the GE adjustment. But whereas this means arresting GE amplification in
Angeletos and Lian (2018), it means arresting GE attenuation in the present paper.*

Putting aside this clarification, the key observation for our purposes is that this mechanism works
hand-in-hand with our confidence multiplier: they both help sustain larger movements in AD, and
thereby in equilibrium output and employment, than under complete information.

We conclude with the following observation regarding comparative statics.

Fact 2. m©E(\, pg) is decreasing in X and increasing in pg. That is, the multiplier due to the dampening
of the neoclassical GE adjustment increases with both the severity of the informational friction and the

persistence of the aggregate demand shock.

Combining Facts 1 and 2, we thus infer that the overall multiplier,

m()\ypfapﬁ) = mconf()\’pg)mGE()\’pﬂ)’ (39)

is increasing in the severity of the informational friction and the persistence of both kinds of shocks.3?

4.5 Signal Extraction and the Fixed Point

In the preceding analysis, we have treated the value of X\ as given. However, the severity of the
informational friction depends on how much households can extract from the available market signals.
This implies that the values of A in our economy is the solution to a fixed point problem that relates

the informativeness of these signals to the responsiveness of aggregate output and the real interest rate

31 Another way to think about it is that the setting studied in Angeletos and Lian (2018) maps to a game of strategic
complementarity, whereas the one studied here maps to a game of strategic substitutability. In both cases, incomplete
information amounts to reducing the absolute magnitude of the strategic interaction. But the ultimate effect on behavior
switches signs between the two games.

*Thus, m =m(1,1,1) = 1 4+ B+ < represent a tight upper bound for the overall multiplier.
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to the aggregate demand shock: the greater this response, the more precise the information revealed

by the aforementioned signals, and the smaller the friction. This fixed point is characterized below.

Proposition 8. There exist a unique A € (0,1) in equilibrium and is given by the solution of the
following fixed point problem:

_ B B 2 _
A= 057 + o5 {sT MmN pe ps) = psl}” + o {am (A, pe, pp) ) (40)

_ _ _ 2 — 29
Tap 050 Fog  {sTIv [m (N pe, pp) — psl}” + ozt {ym (A pe, ps)}

where m (X, pe, pg) is the overall multiplier defined in (39).

The above condition, which follows from the standard formula for combining multiple Gaussian
signals, reflects the fact that the consumer has three such signals about the underlying AD shock:
her own discount rate, 8; her local interest rate Ry+; and her own income, or the local demand,
yn+- And whereas the informativeness of the first signal is exogenous, that of the other two signals is
endogenous. In particular, their informativeness increase with the multiplier: the larger the multiplier,
the more these market signals moves with the AD shock, and hence the more precise the information
households can extract from them about the underlying shock. This explains why the right-hand side
of the above condition decreases with A\, which in turn guarantees the uniqueness of the equilibrium.

It is also immediate to verify that, for given p¢ and pg, X is a decreasing function of the ratio o/oap
for any o € {03,0R,0¢}. By varying these “noise” parameters, we can indeed induce any value for
A in the (0,1) range. This, together with the uniqueness of A, justifies our earlier treatment of it as a
“free” parameter.®3 Finally, by combining the comparative statics of m with the comparative statics of

the fixed point in condition (40) we reach the follow result.

Proposition 9. Let m* denote the overall multiplier evaluated at the equilibrium value of X. This is

necessarily increasing in the ratio o /oap for any o € {o3,0Rr,0¢}, as well as in both pe and pg.

That is, our statement “a larger friction implies a larger multiplier,” which was previously formal-
ized with the monotonicity of m(, pg, pg) in A, is now recast as the monotonicity of m* in the relevant
noise parameters. And the insights about how higher persistence reinforces the two mechanisms at
work, which were previously articulated holding A constant, are robust to taking into account the

endogeneity of \.

5 Extensions

In this section we first discuss how the mechanisms identified above can be recast as the product

of bounded rationality, or lack of sophistication, instead of informational friction. We then consider

30f course, one could try discipline the triplet (05, 0 r, o¢), and thereby X, with micro-level data on spending, interest
rates, and income and/or with surveys of expectations. But this is beyond the (theoretical) scope of this paper.
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three extensions. The first two replace the aggregate discount-factor shock with, respectively, a shock
in government spending and a shock in aggregate technology. This allows us to draw lessons for fiscal
policy and to explain why the friction works asymmetrically over aggregate demand and aggregate
supply shocks. The third variant adds investment, letting us show how our theory helps resolve the

“co-movement puzzle.”

5.1 Bounded Rationality

Our confidence multiplier originates from an informational friction in the tradition of Lucas (1972)

and Sims (2003). Empirical evidence in support of such a friction abounds.?* But a similar feedback

loop may emerge in a plausible variant in which agents are fully informed but not fully rational.
Suppose, in particular, that agents use a simple, random-walk model to extrapolate current income

to future income:

B [Yn k] = Ynit- (41)

This resembles the form of simple, “extrapolative” beliefs found in Barberis et al. (2015) and Gennaioli,
Ma, and Shleifer (2016). It also proxies an optimally “sparse” representation of the individual income
process, along the lines of Molavi (2019): in a world where individual income is driven by both
random-walk idiosyncratic shocks (like &, ; in our model) and transitory aggregate shocks (like f; in
our model) but agents can only use a lower-dimension, one-factor, statistical model to track current
income and form expectations about future income, the optimal such model converges to the model
that governs the idiosyncratic fluctuations alone as these fluctuations get larger and larger relative to
the aggregate ones.

In this variant, aggregate demand can still be expressed as in Proposition 2. What changes is only
the characterization of the confidence term B;: whereas in the original model we have

_ -pa-» %
Be= 550 5y, ™

in the present variant we have
Oyt

871715%'

It is therefore as if we are back in our original model but have set A = 0 and p; = 1 (maximal

B =}

informational friction and random-walk idiosyncratic shocks). This illustrates the point anticipated

in the Introduction: our confidence multiplier can be recast as the product of a plausible form of

3*For example, Coibion, Gorodnichenko, and Ropele (2018) show, using a survey by the Bank of Italy, that firms ignore
relevant, public information about the state of the economy: they change both their expectations and their behavior when
such information is made salient to them. Cavallo, Cruces, and Perez-Truglia (2017), on the other hand, use an experiment
to show that consumers do not process information optimally even when such information is readily available to them. See
also Gabaix (2019) for a review of the broader empirical and theoretical literatures on inattention.
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bounded rationality, or lack of sophistication, instead of lack of information.?”

A similar point applies to the discounting of the GE adjustment in the real interest rate, or the G,
wedge. While our model generates this mechanism with the help of incomplete information as in
Angeletos and Lian (2018), a few other papers (Gabaix, 2020; Farhi and Werning, 2019; lovino and
Sergeyev, 2017) capture a similar mechanism with plausible departures from rationality.

Suppose, in particular, that, while a fraction of ¢ € (0, 1) of the consumers are both fully informed
and fully rational, the remaining fraction is “level-1 thinkers” in the sense of Farhi and Werning (2019):
although they themselves experience an urge to consume less, they don’t expect others to spend less
in the future. These agents expect future aggregate demand, and hence also the future real interest

rate, to remain unchanged. It follows that the relevant term is given given by

OE([Ry 1)
k t t+-k
G = Z B

By comparison, in our baseline model this term satisfies

OE[R ]
k OE¢ (R,
G = Z P Oy T

Clearly, the two terms coincide when A\ = ¢. The GE attenuation in our original model is therefore
exactly the same as that in the present variant. The only twist is that 1 — A can now be re-interpreted

as the lack of sophistication rather than the lack of information.

5.2 Government Spending

We now return to our original model, with full rationality but incomplete information, and consider a
different kind of aggregate demand shocks, namely shocks to government spending. Unsurprisingly,
these shocks have similar effects as those featured in our baseline analysis, both with and without
common knowledge. But there two interesting twists, one regarding the distinction between front-
loaded and back-loaded fiscal stimuli and another regarding Ricardian equivalence.

The model is the same, except for two modifications. First, we shut down the wealth effect on

labor supply.*® And second, we drop the shocks to the household’s discount factor and, instead, add

33Suppose that, instead of (41), the subjective expectations of income satisfy

ElMyntr) = P Unts

for some p € (0,1). This would let p govern the degree of over-confidence during booms (and that of under-confidence
during recession), similarly to what p¢ and 1 — X and do in our main analysis. The essence thus remain the same. But the
math gets more complicated, which explains why we have herein opted to fix s = 1.

31t is well understood both that an increase in government spending can stimulate employment via this channel in theory,
and that this channel is probably very weak in practice. Formally, we set o = 0 in the optimal labor supply (14), while
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shocks to government spending.

In each period, the government purchases a basket of all the goods in the economy and uses that
to produce a public good, whose quantity we denote by G;. We treat G; as exogenous and random.
Specifically, we assume that G; is drawn from an AR(1) process with persistence pg € [0,1) and
independent of any other shock:

Gi = paGi-1 + 17, (42)

where & ~ N (0,0%) and the initial G_1 is set to be 0. We also let the composition of government
spending mirror that of private spending.3”

Turning to taxes, we let government spending be financed by lump-sum taxation and, without
further loss of generality, impose budget balance in each period, i.e. G; = T;. At the same time, we
prevent one’s own tax from being a perfect signal of the aggregate level of government spending by
introducing idiosyncratic tax shocks. Specifically, we let the lump-sum tax levied to household % in
period ¢ be given by T} = T; + Al, where T; is the average tax and A} ~ N (0,0%) also follows an
AR(1) process with persistence pg, and independent from any other shock.*®

We close the model by letting the information structure be the same as in the baseline model,
modulo, of course, that the knowledge of 1,1 and B/ is now replaced with the knowledge of n¢ ,
and T} That is, T = T/ | U {T}} U {wh,t, ents R, (pu’t)iecél’le[o’u} u{ng,}.

As in the baseline model, we log-linearize the equilibrium conditions, re-interpret all the variables
as log-deviations from their steady-state counterparts.®? Following similar steps as in Section 4, we

reach the following result.

Proposition 10. (i) Aggregate supply remains the same as in Proposition 1.

preserving o > 0 in the optimal consumption function (24). This modifies the definition of & but does not otherwise affect
any of the preceding results. The same is true if we let the real wage be determined in a non-competitive fashion, as a
function of employment and income but not of government spending or taxes. Finally, similar results obtain if we assume
GHH preferences.

3That is, we impose, for all 4, j, and t,

h
DijtGit f{’mfcﬁ} Pisg,tCi s dh
- b

Gy Ct

where g; ;,: is the government’s purchase of variety j from island ¢ in period ¢. This restriction involves equilibrium out-
comes in the right hand side, but can be derived from first principles by interpreting G as the quantity of a public good
produced with a CES composite of all the varieties, letting this CES composite mirror that describing private preferences,
and finally having the government optimally choose its purchases of all the variates so as to minimize the cost of producing
the exogenously given quantity, G¢, of the public good. Also note that the above condition, together with the definition of
Ct, implies L’E[O,l] ij[O,l] pi,j,tgi,j,tdjdi = Gt.

3By equating the persistence of the idiosyncratic tax shock to that of aggregate government spending, we make sure
that households correctly perceive the tax burden of any fiscal stimulus. Relaxing this property may be interesting on its
own right—see, for example, Gabaix (2020) for an example that goes in this direction with the help of bounded rationality
instead of incomplete information—but it is not the issue we wish to study here.

3The following exception applies: Gy, T%, gi,;.+ and T{* henceforth represent, respectively, G+/y*, T:/y*, gi.;,+/y", and
T} /y*, where y* is the steady-state (also, complete-information) value of aggregate output. This is a standard trick in the
literature on fiscal multipliers (e.g., Woodford, 2011) and it simply takes care of the issue that the log-deviation of the
government spending is not well defined when its steady-state value is 0.
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(i) Aggregate demand satisfies
yr = —0Ri + (1= pa) Gr + Bt [yea] + (Br + G1) (43)

and B, and G; are defined the same as in (30) and (27), modulo the replacement of pg with pg.

(iii) The equilibrium response of real aggregate output is given by

Oy
el ’YG : mconf (>‘7 P&) : mGE ()‘7 PG) 5
on;
where ¢ = (ll;ff,)lﬁ is the complete-information counterpart and m" (-,-) and mCE (.,-) are the

same multipliers as those in Propositions 6—7.

In a nutshell, (1 — pg) G; replaces —o3; as the AD shock in Proposition 2. The rest is the same.

And the following is then immediate.

Fact. With complete information, gn% < 1 necessarily. With incomplete information, instead, gn% >1

t t
is possible insofar as m~y“ > 1, where the maximum of the overall multiplier defined in (32). That
is, whereas an increase in government spending crowds out private consumption under complete

information, it can crowd in under complete information.

Our theory therefore helps accommodate the Keynesian narrative of how a fiscal stimulus can help
boost consumer spending despite the increase in the tax burden. But unlike the Keynesian framework,
our theory does not rely on nominal rigidity and not require the boom to be inflationary.

The fiscal-policy predictions of our theory are even more distinct from those of the Keynesian
paradigm if we shift the focus from “front-loaded” to “back-loaded” fiscal stimuli. By front-load stimuli
we mean unanticipated shocks to current government spending, such as those modeled above. By
back-load stimuli, we instead have news about future government spending.

To capture the latter, let Gy = n¢Y*, where 7]'¢Y* is i.i.d. across time and realized at ¢ — 1. In this

case, the AS curve remains again the same, whereas the AD curve can be written as
Y, =—0oR: — n?ews + E¢ [ye41) + Be + Gy
News of a future fiscal stimulus are therefore akin to a negative demand shock today. The following

is then immediate.

Fact. While an increase in today’s government spending is expansionary, news of an increase in tomor-

row’s government spending are contractionary, and the more so the larger the informational friction.

A back-loaded fiscal stimulus is therefore contractionary in our economy. This is true even in the

absence of informational friction, thanks to optimal intertemporal reallocation in production: when
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the economy expects an increase in the demand for goods tomorrow, it responds by economizing
on its use of resources today. But when information is imperfect, the reduction in current income is
mis-perceived by the consumers as a reduction in permanent income. Our confidence multiplier thus

kicks in, amplifying the contraction trigger by news of future increases in government spending.

5.3 Investment

As noted earlier, our baseline analysis allows for variable utilization of capital (or “land”) but abstracts
from investment. If we add investment but let it be decided under complete information, we run
on a familiar problem: whenever consumers spend less, the cost of investment (the real interest rate)
goes down in equilibrium, causing investment to to move in the opposite direction than consumption,
which is at odds with the data. We now show how this negative co-movement problem is resolved
when our confidence multiplier extends from consumption to investment.

To keep the analysis tractable, we work with a two-period version of our model. Accordingly,

household’s preferences are thus given by

U = (chnf) +8"U (chont),

where U is as in (2) and

log 8" = logn + log ¢>"

where n ~ N (0,03) and €% ~ N(0, ag) are, respectively, aggregate and idiosyncratic discount rate
shocks. As in the case of government spending, we also shut down the wealth effect on labor supply.

Next, to apply the exact same informational friction to investment as that applied to consumption,
we let both choices be made by the household and under the same informational friction. We ac-
cordingly re-interpret land as capital (and firm earnings net of labor costs are returns to capital) and

modify its law of motion as follows:
K = [1 — 5 (up) + U (m)} kheh

where wy, is the utilization rate, ¢" is the investment rate (per unit of capital), € is an idiosyncratic shock,
d is an increasing and strictly convex function (as before), ¥ (1) = ¢ — % (v — ¢*)%is an increasing and
concave function, and ¢* denotes the no-shock (“steady-state”) investment rate.

The concavity of ¥ introduces adjustments costs to capital, as in standard Q theory, and ¢ param-
eterize the elasticity of investment with respect to net returns, As for the idiosyncratic shock €, this

plays an inessential, auxiliary role: the household’s knowledge of her own capital stock k% will not
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reveal the aggregate demand shock.*

Because the technology for producing the final good is the same as in our baseline model and
because utilization is still made under complete information, the aggregate supply is also the same.
What changes is only aggregate demand, which now has two components: a consumption component
determined as before, and an investment component.

As shown in the Appendix, the equilibrium rate of investment can be expressed as a decreasing
function of the real interest rate and an increasing function of the same confidence term B as that ap-
pearing in consumption. The negative dependence of investment on the real interest rate captures the
standard, neoclassical, cost channel. Its positive dependence on B captures the “investor sentiment”
translation of our mechanism: during a demand-driven recession, households rationally mis-perceive
not only an increase in their permanent income but also an increase in the returns to capital.

The first channel contributes to negative co-movement between consumption and investment. The
second contributes to positive co-movement. And since the importance of the second channel is regu-
lated by the informational friction, one may hope that this channel dominates when the informational

friction is large enough. The next result verifies this logic subject to a small qualify.

Proposition 11 (Investment). There exists £ > 0 and p > 0, such that whenever k > k and p¢ > p,
the following is true: the equilibrium levels of employment, output, investment, and consumption
positively co-move in respond to demand shocks if and only if the informational friction is large enough,

namely A < \, for some X € (0,1) that is itself increasing in x and pe-

5.4 Technology Shocks

We now turn to aggregate supply shocks, in the sense of aggregate technology shocks. The main
lesson delivered below is that the information friction works asymmetrically between demand and
supply shocks, favoring the former as the main source of business cycles.

The model is the same as in our baseline analysis (with an infinite horizon and no investment),
except that we shut down the shocks to the household’s discount factor and, instead, introduce shocks

to the technology of each firm:

Yigi = At (lije)" (wijikige)

*That is, we specify the information set of household/consumer/investor h in period 1 as follows:

I = {ﬂ?} U {wh,l,eh,th,h (pz‘,l,l)iec{‘,le[o,l]} U {k:é‘} - (44)

This is essentially the same as that in (11), except that we have added knowledge of the end-of-period, local capital stock.
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where A; is an aggregate TFP shock. This follows an AR(1) process with persistence p4 € [0,1) :
log Ay = palog As—1 + nfl, (45)

where nf* ~ N (0,0%) and A_; is normalized at 1. Finally, the household’s information set in period
t is given by I} = I/ | U {wh,t,eh,t,Rm, (pi,l,t)iecf,le[o’l]} U {A;1}. It follows that, although the
identity of the aggregate shock is different, local income and local interest rates serve again as noisy
signals of the underlying aggregate shock.

As in the baseline model, we log-linearize the equilibrium conditions, re-interpret all the variables
as log-deviations from their steady-state counterparts,. Following similar steps as in Section 4, we

reach the following characterization of the aggregate supply and aggregate demand curves.

Proposition 12. (i) Aggregate supply is given by

Y= A+ (1= @) (u + k), (46)
ur = 5155 (At = Eo [Aei]) + 55 Re + B¢ [urra] (47)
ki1 = ki — Yuy, (48)

(i) Aggregate demand is given by
Yt = =0 Ry + Et [yr+1] + (B + Gt) (49)

where B; and G; are defined as (27) and (30).

The characterization of AS is similar as before, except, of course, for the accommodation of the
TFP shock. This shows up, not only in (46), the production function, but also in (47), the optimality
condition for utilization. Intuitively, the optimal intertemporal pattern of production depends, not only
the relative price of today’s goods, but also on their relative cost. The former is captured in condition
(47) by Ry, the latter by Ay — E; [Ay11] .

Turning to AD, B; and G; have the same mathematical definition. However, B, here not only
contains misperception of idiosyncratic permanent income but also misperception of aggregate per-
manent income.

In the case of demand shocks, the latter effect was ruled out thanks to Proposition 3: because the
“neoclassical” structure of the economy guarantees that demand shocks do not influence aggregate
permanent income (and because this fact is common knowledge), demand shocks can never trigger
rational mistakes in the calculation of aggregate permanent income. With supply shocks, things are
different: because a positive aggregate TFP shock naturally increases aggregate permanent income

(and because this fact, too, is common knowledge), imperfect knowledge of the aggregate TFP shock
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naturally translates to under-estimation of the corresponding movement in aggregate permanent in-

come.

Proposition 13 (Technology Shocks). The equilibrium response of aggregate output to an aggregate

technology shock is given by

Ay A f GE
A7 m%n ()" pfva) Ty (>‘va)
on;
where ¥4 > 0 is the complete-information counterpart, mSE (X, pa) is a multiplier that captures the
effect of Gy, or the dampening of the GE movement in the real interest rate, and m™ (X, pe, pa) is
a multiplier that captures the combined effect of B, or the overall confusion of idiosyncratic and

aggregate income fluctuations. Furthermore,
mG™ (N, pe, pa) < 1if and only if pe < pe
for some pg = pe(A, pa) that is itself increasing in pa, and
mSE (X, pa) < 1 necessarily

The exact characterization of the multipliers can be found in the Appendix. The main lessons are
two. First, the confusion of aggregate and idiosyncratic shocks now has an ambiguous effect: m<"
can be either higher or lower than one, depending on the persistences of the two shocks. Second, the
effect of the as-if discounting of the GE adjustment in the real interest rate is both unambiguous and
of the opposite direction than that in the case of demand shocks: mSE is necessarily less than one.

To understand the first property, ignore momentarily the second mechanism, and consider how
“confidence” responds to a positive TFP shock. With incomplete information, consumer perceives an
increase in the idiosyncratic component of their permanent income, which pushes B; positive, but
also under-estimate the increase in the aggregate permanent income, which pushes B; negative.

Clearly, these two effects work in opposite directions: the one increases aggregate demand, the
other decreases it. As explained in the Appendix, their relative strength depends subtly on the signal-
extraction problem, but the following basic intuition is valid: the lower the persistence of the idiosyn-
cratic shock relative to that of the aggregate shock, the more likely it is that B, < 0, i.e., a positive TFP
shock leads to a reduction in confidence. This explains why mS°" < 1 as long as p¢ is small enough.

Consider now the second mechanism, the discounting of the GE adjustment in the real interest
rate. A persistent positive TFP shock triggers a drop in real interest rate both now and in the future.
When information is incomplete, consumers under-estimate the future drop in the real interest rate,

and this reduces aggregate demand relative to the complete-information case. This explains why
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mSE < 1 necessarily.

To sum up, as long as idiosyncratic and aggregate income fluctuations have comparable persis-
tence, the combination of the two mechanisms dampens the economy’s response to supply shocks at
the same time that it amplifies its response to demand shocks. This completes both the “Keynesian
flavor” of our theory and its fits vis-a-vis a key empirical regularity: the majority of the business cycle

in the data is disconnected from both technology and inflation.

5.5 Sticky Prices (or Other Wedges)

The starting point of our paper was the desire to accommodate the Keynesian narrative of demand-
driven fluctuations outside the nexus of sticky prices and Philips curves. As explained in the Intro-
duction, this desire was grounded on both “philosophical” predispositions (a prior that the Keynesian
narrative does not hinge on nominal rigidity) and empirical considerations (the lack of significant
co-movement between inflation and real economic activity).

But the mechanisms we have identified do not hinge on the absence of nominal rigidity. They
naturally extend to a New Keynesian context. The only twist is that the interaction of informational
friction with nominal rigidity allows for an additional mechanism, one that regards the expectations
of future output gaps.

To illustrate these points, consider a modification of our baseline model that allows for sticky
prices. As well known (e.g., Correia, Nicolini, and Teles, 2008), this is equivalent to maintaining
flexible prices but allowing for a time-varying tax, or wedge, in production, which is effectively under
the control of monetary policy. Under this representation, a “hawkish” monetary policy that stabilizes
inflation maps to a constant wedge, whereas an “accommodative” monetary policy that lets positive
demand shocks trigger inflation and positive output gaps maps to a counter-cyclical wedge: it is as if
there is a subsidy on production whenever consumers spend more.

With this in mind, we bypass the details of how monetary policy is conducted (via a Taylor rule or
in some other way) and instead work directly with the following modification of Proposition 4, which
is valid whether the relevant wedge, denoted below by 7, is the product of nominal rigidity or of an

actual tax on revenue.

Proposition 14 (AS and AD with sticky prices). Let 7y denote the production wedge. Aggregate supply
is given by
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ye = (1= &) (w + ki) — 71, (50)
ur = df5¢Rt - dfﬂqﬁ U+(czvi&g (1t — E¢ [1e41]) + BE: [ugq1] (51)
ki1 = ke — Yuy, (52)

Aggregate demand is given by

yr = —0 {Ri + B¢} + Ei [yp1] + (Be + Gi) (53)
where B; and G; are defined as (27) and (30).

The presence of 7 in (50) and (51) captures the effects of the tax on, respectively, employment
and utilization—or, equivalently, the power of monetary policy over aggregate supply once prices are
sticky. The textbook version of the New Keynesian model, which abstracts from variable utilization,
corresponds to either @ = 1 (utilization is unproductive) or ¢ — oo (variation in utilization is pro-
hibitively costly). Aggregate supply then reduces to y; = 0 — 7, where 0 stands for the natural rate of
output and 7; for the wedge, or the output gap, induced by any monetary policy that does not replicate
flexible prices. Relative to this familiar case, the key supply-side novelty of our analysis is to let the
natural rate of output to be sensitive to the real interest rate, in the manner explained in Section 3.

Let us now turn to aggregate demand, or equation (53) above. In the textbook version of the New
Keynesian, this equation holds with B; = G; = 0. Relative to this case, we see that the informational
friction continues to give rise to our two mechanisms, captured by the exact same terms 3; and G, as
in our baseline analysis.

However, because the GE adjustment in the real interest rate is now modulated by monetary pol-
icy, the magnitude of G; now depends on monetary policy. Similarly, and more crucially for our
narrative about confidence, B; here contains not only misperceptions of the “natural” level of perma-
nent income but also misperception of the output gaps induced by monetary policy. In particular, B;

can be decomposed as follows:
Bt — Bzwtu’ral + Mt _ I_Et [Mt] ,

where

+o00
B?atu'r'al = % Zﬁk/Ef [fh,t+k] dh
k=0

is the value of B; that obtains when monetary policy replicates flexible prices (equivalently, the value
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of B; in our baseline analysis),

—+oco
M = ZﬂkEt [Te1k]
k=0

is a measure of how much monetary policy deviates from that benchmark, and M; — E; [M,] is the
corresponding average misperception.

To put more structure on the new term, let us henceforth assume that monetary policy is such that
Tt = =Nt + Pr7e-1 (54)

where ¢ > 0 indexes the degree of policy accommodation, or the size of the associated output gaps,
and p; € [0,1) indexes their persistence. Under this representation, a “hawkish” monetary policy
that stabilizes inflation and replicates flexible-price outcomes corresponds to ¢ = p, = 0, whereas a
monetary policy that smooths the real interest rate and lets positive demand shocks trigger inflation
and persistent output gaps maps to ¢ > 0 and p, > 0.4!

By direct analogy to what was shown earlier for G;, we now have that the gap between the afore-

mentioned PDV and its incomplete-information counterpart is given by

¥

Mo = Be (M = -3

(1= N, (55)

That is, as long as A < 1 and ¢ > 0, a positive demand shock decreases negative B;.

What does this mean? As long as ¢ > 0, monetary policy lets output expand beyond its natural
rate in response to a positive demand shock. This translates to an increase in true aggregate permanent
income, which is perfectly forecasted under complete information (A = 1) but imperfectly so under
incomplete information (A < 1). It follows that, as long as information is incomplete, consumers
underestimate the increase in aggregate permanent income sustained by an accommodative monetary
policy. And because the true increase in aggregate permanent income is larger when the output gaps
induced by monetary policy are themselves larger (higher ¢) or more persistent (higher p;), the size
of belief mistake is larger under the same circumstances.

This effect is reminiscent of the one regarding aggregate technology shocks in Section 7. As in
that case, the underestimation of the variation in aggregate permanent income works in the opposite

direction than our confidence multiplier. But whereas in that context the strength of this countervailing

Mt is possible to translate these parameters in the language of Taylor rules and Philips curves: a higher ¢ corresponds to
a flatter Taylor rule and/or a flatter Philips curve (because such flatness regulates the size of the output gaps), and a higher
pr corresponds to a higher persistence in the underlying demand shock, a larger smoothness parameter in the Taylor rule,
or a larger backward-looking component in the Philips curve (because all these parameters regulate the persistence of the
output gaps). This translation may be useful for quantitative explorations (which are left outside the paper), but adds little
insight. At the end of the day, the critical question vis-a-vis the theory is whether and by how much monetary departs from
the benchmark of replicating flexible-price outcomes—and this is what we shall explain below.
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effect was pinned down by exogenous primitives, here its is regulated by monetary policy.

In the sense just described, an accommodative monetary policy goes against our confidence mul-
tiplier. But such a policy also complements our confidence multiplier by helping aggregate supply be
more responsive to aggregate demand under sticky prices than under flexible prices. To see what we
mean by this, let us shut down variable utilization. In this case, the flexible-price AS curve is vertical
and the natural rate of output is invariant to AD shocks. It follows that, as long as monetary policy
replicates flexible prices (¢ = 0), our confidence multiplier is switched off regardless of how large the
informational friction is. But as soon as monetary policy is accommodative (¢ > 0), our confidence
multiplier is on under sticky prices, even though it is off under flexible prices.

Perhaps more interestingly, our confidence multiplier helps amplify the power of monetary policy
itself. To see this, abstract from the exogenous shock to consumer spending and, instead, modify (56)
as follows:

Tt = PrTi—1 — U,pr (56)

where nMP represents a pure policy shock, independent of any other shock in the economy. It is then
immediate to show that, while the informational friction dampens the effect of this shock via (55), it
amplifies it via B;. That is, our confidence multiplier helps monetary policy to have a large effect on
aggregate demand even the expansion is short-lived and consumers are not liquidity constrained.

We conclude with the following comment, which circles back to our starting point about the ap-
parent prevalence of non-monetary, non-inflationary, demand-driven fluctuations in the data. Such
fluctuations are captured here when monetary policy is non-accommodative, and correspond to set-
ting 7, = 0. Conversely, a more accommodative monetary policy maps, not only to a larger absolute
value for M; — E; [M,], but also to a stronger pro-cyclicality between inflation and real economic
activity. Indeed, in the textbook version of the New Keynesian model, inflation is proportional to the
PDV of the output gaps, which is the object behind M; — E; [M,].

From this perspective, and unless the Philips curve is extremely flat, the lack of significant co-
movement between inflation and real economic activity suggests that 7, may be small in practice.
This is consistent both with the empirical template provided in Angeletos, Collard, and Dellas (2020),
which we mentioned before and we review in the concluding section, and with the view that real-

world policymakers have done a good job in stabilizing inflation (e.g., McLeay and Tenreyro, 2020).

6 Conclusion

We revisited the question of why shifts in consumer spending may trigger a recession. Unlike the
Keynesian framework, our theory did not rely on nominal rigidity or the failure of monetary policy

to replicate flexible prices. Instead, it combined two “neoclassical” elements: variable utilization (or
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Figure 2: The “Main Business Cycle Shock” in the Data

some other margin of intertemporal substitution) on the supply side, and an informational friction (or
bounded rationality) on the demand side.

The first element allowed the aggregate production of today’s goods to be responsive to intertempo-
ral preference shocks, or other shifts in aggregate demand. The second element amplified these shifts,
and also helped investment and consumption to comove, by introducing a “confidence multiplier,”
namely a positive feedback between loop between current economic activity, consumer perceptions
of permanent income, and investor expectations of returns.

The same mechanisms were shown to dampen the fluctuations caused by TFP shocks at the same
time that they amplified the fluctuations caused by shocks to consumers spending. And both of these
properties were true without accommodative monetary policy and commensurate movements in in-
flation. Our theory was thus consistent not only with the Keynesian view that the majority of business
cycles are demand-driven but also with the empirical template that Angeletos, Collard, and Dellas
(2020) provide for the “main business cycle shock” in the data.

Figure 6 illustrates the IRFs of a few key macroeconomic variables to the aforementioned shock.
The particular version of this shock considered here is identified by running a VAR on these and a few
additional variables and by maximizing the shock’s contribution to the fluctuations of unemployment
at the business-cycle frequencies. But as shown in Angeletos, Collard, and Dellas (2020), the picture
is basically the same, both in terms of IRFs and in terms of variance contributions, if the shock is
identified by maximizing its contribution to the business-cycle fluctuations of output, hours works,
investment, consumption, or utilization.

For our purposes, the key take-home lessons from this “anatomy” of the data is the following.

First, there is significant co-movement between unemployment, output, hours worked, investment,
and consumption, without commensurate co-movement in either TFP or inflation. As emphasized
earlier, this exactly what our theory has delivered (qualitatively, of course).

Second, there is significant pro-cyclical movement in utilization, which in turn appears to account

for the pro-cyclical movement in labor productivity despite the absence of pro-cyclical movements
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in TFP. This is again in line with our theory, and in particular with the property that labor demand
increases in response to a positive demand shock without the intermediation of nominal rigidity and
accommodative monetary policy.

Third, there is pro-cyclical movement in both the nominal interest rate and the real interest rate.*?
This is in line with both a non-accommodative monetary policy and an increase in the relative price
of today’s goods.

Last but not least, the response of utilization (and to a lesser extent that of unemployment and
output, too) reverses sign after a few quarters. This is in line with a margin for intertemporal substitution
in production, as in our theory.

This is all good news for our theory. It also indicates the potential value of quantifying our theory, a
task we leave for future work. What, however, the above facts do not directly speak to is the magnitude
of the confidence multiplier.

Ultimately, the sign and size of the kind of mis-perceptions—rational or irrational—modeled in
this paper is an empirical question. We leave this question for future work. But by explaining both
the macroeconomic implications and the precise nature of the relevant mis-perceptions, we hope to
have provided useful guidance for what exactly future empirical work should explore.

Let us expand on this last point by relating to the empirical findings of Rozsypal and Schlafmann
(2018), Gennaioli, Ma, and Shleifer (2016) and Greenwood and Shleifer (2014). These works are sup-
portive of our confidence mechanism in the sense that they point out in the direction of expectations
of income and returns being excessively optimistic in good times and excessively pessimistic at bad

times.*>

They do not, however, distinguish on whether such good and bad times are driven by the
kind of aggregate demand shocks that are the focus of our paper or by other forces, such as TFP shocks.
The litmus test of our theory is therefore conditional evidence for how expectations of income and
interest rates responds to different kinds of shocks—and it is this specific kind of evidence we invite

for future work.

*2The IRF of the real interest rate can be readily inferred from the figure by subtracting the nearly flat IRF of inflation from
the more strongly procyclical IRF of the nominal interest rate.

BRozsypal and Schlafmann (2018) use micro data on household income expectations, and find that consumers over-
extrapolate from their current income to expectations of future income, as they overestimate the persistence of their income
process. Households with currently high income turn out to be too optimistic about their future income, while households
with currently low income turn out to be too pessimistic about their future income. Gennaioli, Ma, and Shleifer (2016)
turn the focus to the firm side. They find that firm CFOs over-extrapolate from current earnings to expectations of future
earnings. Greenwood and Shleifer (2014) find that investors over-extrapolate from current stock returns to expectations of
future stock returns.
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