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Abstract

We extend the standard model of imperfectly competitive firms that make supply
decisions under uncertainty to include a “choice of choices”: firms decide whether to set
a price in advance and supply at the eventual market-clearing quantity or set a quantity
in advance and sell at the eventual market-clearing price. In general equilibrium, this
“choice of choices” affects the propagation of macroeconomic shocks in stark qualitative
ways. Under quantity-setting, money has no real effects and passes through fully into
prices. Under price-setting, money has real effects and passes through imperfectly
to prices. This asymmetry generates new monetary policy trade-offs: attempts to
stabilize the economy can backfire by inducing a regime shift that renders monetary
policy ineffective. Testing the theory, we find that contractionary monetary policy
shocks are output-neutral and deflationary in quantity-setting regimes (e.g., much of
the 1970s) and output-depressing and non-deflationary in price-setting regimes.
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1 Introduction

At the heart of modern macroeconomic models are firms that make supply decisions under
uncertainty, due to inattention (Mankiw and Reis, 2002), contracting frictions (Taylor, 1980;
Calvo, 1983), or organizational constraints (Klemperer and Meyer, 1989). A long tradition
in macroeconomics restricts these firms’ supply decisions to an important but narrow class:
setting a price and committing to produce enough to meet ex post demand.!

In this paper, we enrich the baseline model to allow for firms to choose different supply
schedules. In the spirit of the classic debate between Bertrand (1883) and Cournot (1838), we
focus on the most extreme departure from price-setting, quantity-setting: that is, producing
a fixed amount and selling it at the ex post market-clearing price. We allow optimizing
firms to make a “choice of choices” between price-setting and quantity-setting to maximize
profits. These approaches may be equally consistent with the aforementioned informational,
contracting, or organizational constraints, but may strongly differ in their appeal to firms
and in their downstream macroeconomic consequences.

We first study monopolistically competitive firms’ “choice of choices” in partial equilib-
rium. We derive a formula for the relative benefits of price-setting and quantity-setting in
terms of the elasticity of demand and four moments of firms’ beliefs about demand, costs,
and others’ prices. The basic logic echoes Weitzman’s (1974) classic “prices vs. quantities”
analysis of regulation: agents choose the decision variable that best insulates their payoff
from shocks on which they cannot condition. A key trade-off that emerges in our setting is
that price-setting insulates the firm against demand shocks, while quantity-setting insulates
the firm against shocks to aggregate prices.

We next embed firms’ price-setting vs. quantity-setting choice in a monetary business-
cycle model. Macroeconomic dynamics are drastically different when firms set quantities as
opposed to prices. In the former case, money does not affect real output and passes through
one-for-one into prices. In the latter case, money has positive effects on real output and
passes through less than one-for-one into prices. We derive the equilibrium incentives for
price- and quantity-setting and show that price- and quantity-setting equilibria can generate
self-fulfilling macroeconomic volatility in demand and prices. Monetary policy rules intended
to stabilize the economy can backfire by inducing a switch to a more volatile regime.

We finally provide evidence that the “choice of choices” is empirically relevant. First,

'Price-setting is assumed in classic models of inflation dynamics based on exogenous, infrequent ad-
justment (Taylor, 1980; Calvo, 1983), menu costs (Barro, 1972; Sheshinski and Weiss, 1977), and limited
information (Mankiw and Reis, 2002; Woodford, 2003a; Mackowiak and Wiederholt, 2009). This converse
assumption of quantity-setting is applied in models of real fluctuations in which production responds to
expected demand (e.g., Angeletos and La’O, 2010, 2013; Benhabib et al., 2015; Flynn and Sastry, 2022a,b)



estimating our formula for the comparative advantage of price-setting in the data, we find
evidence for both price and quantity regimes in US data — the former through the 1960s,
the Great Moderation, and the financial crisis, and the latter in the 1970s stagflation and
the post-Covid inflation. Second, testing our prediction that monetary policy has state-
dependent effects, we find that contractionary monetary shocks (Romer and Romer, 2004)
control inflation but not output in quantity-setting regimes and output but not inflation
in price-setting regimes. Taken together, these findings show that adding the prices wvs.
quantities choice improves the model’s ability to match regime shifts in US macroeconomic

dynamics and suggest that the policy trade-offs implied by our theory are realistic.

The Prices vs. Quantities Choice. We first study the choice of setting prices wvs.
quantities for a single firm. The firm operates a Cobb-Douglas production function and faces
a constant price elasticity of demand. It maximizes dollar profits, deflated by the aggregate
price, and multiplied by a real stochastic discount factor. It is uncertain about shocks to
demand, input prices, productivity, the stochastic discount factor, and the aggregate price
level, all of which are jointly lognormally distributed.

The firm chooses either its price or its quantity under this uncertainty. The assumption
underlying this choice is that the firm’s attentional, contracting, or organizational frictions
preclude it from making decisions after the realizations of uncertainty, but do not constrain
whether the firm’s ex ante plan takes a price or quantity form. Moreover, as is conventional,
we assume that the variable that the firm does not choose is determined by ex post market
clearing. If a firm chooses a price, it produces the quantity on the demand curve; if a firm
chooses a quantity, it sells at the price on the demand curve.

In this environment, we derive the following closed-form expression for the relative value
of price-setting versus quantity setting, A, in terms of the price elasticity of demand n > 1
and four moments of beliefs:

1 1
A= 5(7] -1) (— Var[Demand| — n Var[Price Level]
n

(1)
— 2 Cov[Real Marg. Cost, Demand] — 2n Cov[Real Marg. Cost, Price Level])

Firms prefer to set prices when A > 0, and quantities otherwise.

Four terms determine incentives in Equation 1. First, uncertainty about demand favors
price-setting. Intuitively, the ez post optimal relative price is a fixed markup over real
marginal costs regardless of demand—in this way, price-setting is hedged against unknown

demand. Second, uncertainty about the price level favors quantity-setting. A price-setting



firm needs to know aggregate prices to scale its price, while a quantity-setting firm does not—
in this way, quantity-setting is hedged against unknown aggregate prices. Third and fourth,
a positive covariance of real marginal costs with demand or the price level favors quantity-
setting. In either case, price-setters mistakenly produce more exactly when marginal costs
are high, amplifying their ex post profit losses.

The prices vs. quantities choice is a special case of the general problem of choosing
supply functions, as studied by Klemperer and Meyer (1989) in the case of oligopoly. In
an extension, we study how firms optimally choose flexible supply schedules. The globally
optimal supply schedule is log-linear and nests pure price- and quantity-setting in special
cases that are consistent with the trade-offs described above. We proceed in the remainder
of the analysis to focus on the prices vs. quantities choice, to simplify our description of

equilibrium while keeping the essence of the economic mechanism.

Macroeconomic Model and Implications. To understand the equilibrium implications
of the prices vs. quantities choice, we embed it in a monetary business-cycle model with in-
complete information, following Woodford (2003a) and Hellwig and Venkateswaran (2009).
In addition to exogenous microeconomic and macroeconomic uncertainty, the model gener-
ates endogenous macroeconomic uncertainty about firms’ demand, aggregate prices, and real
marginal costs. In particular, because of imperfect competition between firms, the model
features aggregate demand externalities (Blanchard and Kiyotaki, 1987) whereby firms face
greater demand when aggregate output is high. Moreover, because households demand
money, both the level of the money supply and aggregate output jointly determine the ag-
gregate price level. Finally, because of income effects in labor supply, real marginal costs are
higher when aggregate output is higher.

We first study how aggregate outcomes evolve in temporary equilibria in which firms’
price-setting and quantity-setting decisions are taken as given. We find that monetary shocks
are neutral under quantity-setting and affect aggregate prices one-for-one. Intuitively, if firms
set quantities, any increase in demand that a monetary expansion may induce can never be
met by a commensurate increase in supply if firms imperfectly respond to the monetary
expansion. Thus, the price-level must adjust one-for-one to clear the goods market and
aggregate output does not change in equilibrium. By contrast, under price-setting, monetary
shocks have effects on real output and affect aggregate prices less than one-for-one. The
basic logic behind this result echoes Lucas (1972): because firms are uncertain of the money
supply, they do not increase their prices one-for-one in response to monetary shocks, and so
monetary shocks can have real effects on the economy.

Having studied how the economy evolves under price- and quantity-setting, we return

to the general-equilibrium version of our original question: when do equilibrium regimes



of price- and quantity-setting exist? We first show that “choices of choices” are strategic
complements: when other firms choose prices, a given firm has stronger incentives to choose
prices. The intuition is sharpest when the economy is driven solely by money shocks: the
price-setting regime induces more output volatility and less price volatility, which further
favors price-setting. Building on this observation, we characterize conditions under which
each equilibrium exists and under which both equilibria exist as functions of model primi-
tives. The latter allows the model to generate time-varying macroeconomic volatility as the
economy switches between price-setting and quantity-setting regimes.

Finally, we study monetary policy transmission. We ask how the extent to which the cen-
tral bank “leans into” or “leans against” productivity shocks affects macroeconomic volatil-
ity and the possibility of both price-setting and quantity-setting regimes. Monetary policy
that leans against productivity shocks can stabilize real output in a price-setting regime.
Moreover, while monetary policy cannot affect real outcomes under quantity-setting, it does
affect the volatility of aggregate prices and therefore the relative likelihood that the economy
switches to a quantity-setting regime. Thus, monetary stabilization policy can run the risk
of destabilizing the economy by inducing a switch into a higher volatility, quantity-setting
regime. Moreover, our theory implies that policymakers face a state-dependent “Phillips
curve.” In particular, there is a trade-off between reducing aggregate prices and keeping real

output high if and only if the economy is in a price-setting regime.

Taking the Model to the Data. To assess whether these trade-offs are empirically rele-
vant, we estimate a time series for the relative advantage of price-setting (A from Equation
1) in US data from 1960 to the present. We discipline parameters using a GARCH model for
the stochastic volatility of macroeconomic aggregates, a calibrated demand elasticity based
on the estimates of Broda and Weinstein (2006), and a calibrated ratio of microeconomic to
macroeconomic demand uncertainty based on the estimates of Bloom et al. (2018).

Using these methods, we find that both price-setting and quantity-setting are optimal at
different points of US macro history. Price-setting is optimal for most (87%) of the sample,
when inflation is relatively tame (the 1960s or the Great Moderation) and/or when demand
volatility spikes (the Great Recession or Covid-19 Lockdown). Quantity setting is optimal
when inflation volatility is high relative to demand volatility, as we estimate for much of
the 1970s and the post-Covid-Lockdown inflation. In summary, the data do not support the
assumption of time-invariant price-setting or quantity-setting. They instead suggest regime
shifts as incentives move over time.

We next test the model’s key macroeconomic prediction: monetary expansions increase
real output more in price-setting regimes and increase prices more in quantity-setting regimes

(and vice versa for contractions). We do so by estimating impulse responses of output (real
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GDP) and prices (GDP deflator) to Romer and Romer (2004) monetary policy shocks,
interacted with an indicator for whether firms would set prices according to our calculation
of price-setting’s comparative advantage.

We find, consistent with the theory, that monetary expansions have a relatively more
positive effect on real output and a relatively more negative effect on prices in price-setting
regimes. Strikingly, we cannot reject the null hypothesis of zero effect of monetary shocks on
real GDP in quantity-setting regimes, while we find strong evidence of a negative effect in
price-setting regimes. These results verify the novel prediction for macroeconomic dynamics

that the “prices vs. quantities” mechanism implies.

Related Literature. The closest theoretical analysis to our paper is Reis (2006), who
introduces a “prices vs. quantities” choice for a rationally inattentive firm. Studying a firm
that faces general demand and cost curves, Reis derives an approximate condition for whether
a firm should plan in prices or quantities. When the price elasticity of demand is constant,
demand shocks are Gaussian and multiplicative, and cost shocks are independent of demand
shocks, Reis shows that price-setting is preferred to quantity-setting. On the basis of this
analysis, Reis concludes that price-setting is the better choice for firms. Our analysis differs
from, and builds on, Reis” analysis in three ways. First, our partial-equilibrium analysis holds
without approximation. Second, we study a case with uncertainty about multiple, correlated
shocks, which we show is mostly relevant in business-cycle models in which costs and demand
are endogenously co-determined. Third, we characterize the prices vs. quantities choice in
equilibrium and study its implications for macro dynamics and policy.

Our work also relates theoretically to studies by Klemperer and Meyer (1986, 1989),
in which the authors study oligopoly games under uncertainty with, respectively, price vs.
quantity choice and supply-function choice. These authors’ work on supply-function equilib-
rium relates to prior work by Grossman (1981) and Hart (1985) motivating supply-function
choice as an outcome of realistic contracting and applying it to oligopoly without uncer-
tainty. Our analysis share similar abstract motivations, but differs in studying monopolistic
competition instead of oligopoly and embedding the findings in a macroeconomic model.

Our work’s macroeconomic predictions relate to the literature on how uncertainty mat-
ters for the business cycle and vice versa. Previous work emphasizes how macroeconomic
uncertainty affects firms’ quantitative decisions, such as how much to produce (see, e.g.,
Basu and Bundick, 2017; Bloom et al., 2018). By contrast, our analysis studies how the
nature and extent of uncertainty about various factors affect the qualitative aspects of firms’
choices about what to choose. Moreover, our theory offers a novel mechanism for endogenous
macroeconomic uncertainty through variations in how firms make decisions. In so doing, our

work relates to the literature that asks if the economy has time-varying volatility because of



either time-varying shock sizes or because of time-varying responsiveness (see, e.g., Berger
and Vavra, 2019). Our analysis, however, emphasizes that time-varying volatility may itself
generate time-varying responsiveness by changing the qualitative nature of firms’ choices.
Finally, our findings regarding monetary policy relate to the literature on the state-
dependent effects of monetary policy. This literature provides mixed evidence for whether
monetary policy is more powerful (Weise, 1999; Garcia and Schaller, 2002; Lo and Piger,
2005) or less powerful (Tenreyro and Thwaites, 2016) in recessions. Our analysis differs in
two respects. First, following our theory, our conditioning variable is not current or recent
GDP, but instead the comparative advantage of price-setting which depends on (multiple)
dimensions of uncertainty.? Second, unlike all aforementioned studies save Weise (1999), we

jointly test for asymmetries in the responses of both output and prices.

Outline. The rest of the paper proceeds as follows. In Section 2, we perform our partial-
equilibrium analysis. In Section 3, we present a monetary business-cycle model. In Section
4, we derive our theoretical characterization of price-setting and quantity-setting equilibria.
In Section 5, we study the transmission of monetary policy. In Section 6, we apply our
model to estimate our formula for the comparative advantage of price-setting. In Section 7,
we test the macroeconomic implications of the theory by studying state-dependent effects of

monetary policy. Section 8 concludes.

2 The Firm’s Problem of Choosing What to Choose

We first study the problem of a single firm that must choose what to choose in the presence
of uncertainty about demand, costs, aggregate prices, and the stochastic discount factor. We
assume that the firm faces a constant price elasticity of demand, constant physical returns
to scale, and jointly normal productivity, demand, input price, risk pricing, and aggregate
price shocks. We derive a formula for the advantage of price-setting relative to quantity-
setting in units of log expected profits. The formula conveys that price-setting is relatively
more advantageous when demand volatility is high, aggregate price volatility is low, and the

covariances of marginal costs with demand and aggregate prices are lower.

2.1 Set-up

We study the problem of a single firm that must fix either a quantity ¢ € R, or a price

p € Ry in advance of fully knowing its costs, demand, the price level (i.e., the prices of

2A related point applies to Castelnuovo and Pellegrino’s (2018) study of how the effects of monetary
policy depend on “aggregate uncertainty.” In our model, different components of uncertainty tip toward
price-setting or quantity-setting, and therefore have opposite predictions for the effects of monetary policy.



competitors), and the stochastic discount factor. Our background assumption is that the firm
faces frictions which necessitate making decisions ex ante but do not, by themselves, restrict
the firm’s planning instrument. This may be natural if firms can only take decisions when
new information is available (Mankiw and Reis, 2002); if firms have infrequent opportunities
to adjust contracts (Taylor, 1980; Calvo, 1983); or if the practical difficulties of implementing
decisions in organizations necessitates only infrequently introducing new rules (Klemperer
and Meyer, 1989). In each of these stories, we argue it is plausible that a firm could implement
a price plan or a quantity plan.

The firm faces a constant-price-elasticity-of-demand demand curve given by:
Lo (4y” 2)
P U
where the random variable ¥ € R, . is a stochastic demand shifter, the random variable
P € R, is the aggregate price level, and 1 > 1 is the price elasticity of demand. The firm

purchases bundles of inputs = € Ri at random prices p, € Ri + to produce according to a

constant-returns-to-scale, Cobb-Douglas production function:

g=0]]af (3)

where the random variable © € R, corresponds to the firm’s Hicks-neutral productivity,
and «o; € Ry, is the input share of good i (with the property that 25:1 a; = 1). Finally,
the firm’s profits are priced according to a real stochastic discount factor represented by the
random variable A € R, ;.

The firm believes that the collection of random variables comprising demand, aggregate
prices, productivity, input costs, and the stochastic discount factor (¥, P,©, A, p,) is log-
normal with mean p and variance-covariance matrix . Given this uncertainty, the firm

seeks to maximize:

E [A% (pg — pxrc)} (4)

which is simply the expected value of real profits under the given stochastic discount factor.

Optimal Price-Setting. We first consider the problem of price-setting. If the firm sets
a price p, it sells the quantity that clears markets ex post, or lies on the demand curve:

q=Vv (%)—n' That is, the firm has committed to meeting demand at this price.



We now derive the optimal price. The cost of producing ¢ is given by:

c(q; pz, ©) = min mexl st. g= @Hx?’ (5)

zeRL

Taking first-order conditions, we obtain that the real cost function is given by:

(q; Pe, ©
420) _ pa(P6.p2)g ©)
with real marginal cost:

M(P,6.p,) = P10 H(Z"j) (7)

Thus, the problem of setting the optimal price reduces to:

P p P\
= maxE | (5 - M) ¥ ()
1% max { Iz M 2 (8)
Taking first-order conditions, the optimal price is given by:

., n E[AMPY]
- n—1E[AP1Y] (9)

p

where the numerator is the expected marginal benefit of charging higher prices in reducing
costs and the denominator is the expected marginal cost of charging higher prices in increas-
ing revenue. In the absence of uncertainty, this reduces to the statement that the optimal
relative price is a constant markup of n—’_7—1 on real marginal costs. Substituting the optimal

price into the firm’s payoff function and rearranging, we obtain that:

sz-;L—(—ﬁ—)7HMAAUWWP"E[APW4WW (10)
n—1\n-1

Optimal Quantity Setting. We now study quantity-setting. If the firm sets a quantity
q, it sells at the price that clears markets ex post: p = P (%)_% This is the natural analogue
of the ex post market clearing assumed with price-setting. In practice, it may reflect firms’
ability to deploy managerial resources toward running an auction (Walrasian or otherwise)

after demand is realized, at the cost of having to specify production in advance.



Applying the earlier steps, the problem of setting the optimal quantity reduces to:

Ve = maxE [A ((%>_ = M) q} (11)

The optimal quantity is given by:

(0 Epm )
o U—lE[A\IJ%} (12)

where the numerator is the expected marginal cost of expanding production and the de-
nominator is the expected marginal revenue from expanding production. In the absence of
uncertainty, this is the quantity that the firm sells by setting its relative price equal to a
constant markup on its real marginal cost. Substituting the optimal quantity into the firm’s
payoft, we obtain:

Ve = ﬁ (%) CEAM R [Axﬁ]” (13)

2.2 Result: When to Set Prices vs. Quantities

A cursory inspection of the values of price-setting and quantity-setting (Equations 10 and
13) reveals that they are not generally equal. We now characterize the relationship between
the two and study the conditions under which each is preferred. Define the log-difference

between the values of price-setting and quantity-setting as:
A =logV¥ —log V¥ (14)

We obtain that:
A= (ng [AP"1¥] — logE [qu%] ) (-1 (E [AMP"W] — E [AM]) (15)

where we call the first term the “revenue-hedging” benefit of prices over quantities and the
second term the “cost-hedging” cost of prices over quantities.

Under our log-normality assumption on the distribution of (¥, P,©, A, p,), we have that
(U, P,A, M) is also log-normal. Thus, we can analytically evaluate these expectations and
compute their differences. Performing these calculations, we obtain the following formula

(that we claimed in Equation 1) for the proportional benefit of prices over quantities:



Proposition 1 (Prices vs. Quantities). The comparative advantage of prices over quantities

s given by:
1 1, 9
A= 5(77— 1) v —1N0p — 200,m — 210pMm (16)
Proof. See Appendix A.1. m

This formula expresses the relative benefit of prices over quantities in terms of a single
structural parameter, the price elasticity of demand, and the following four moments: the
variance of demand shocks, the variance of the aggregate price, the covariance between
demand shocks and real marginal costs, and the covariance between the aggregate price and
real marginal costs. In the four relevant moments, price-setting is relatively better than
quantity-setting when (i) the volatility of demand o2 is high, (ii) the volatility of aggregate
prices 0% is low, (iii) the covariance between demand and real marginal costs is low, and (iv)
the covariance between aggregate prices and real marginal costs is low. In the absence of
uncertainty, A = 0 and the firm is indifferent between setting prices or quantities. Finally,
the proof in Appendix A.1 reveals that the distribution of the stochastic discount factor
drops out of the calculation; thus, A is in units of log expected real profits.

To understand the intuition for (i)-(iv), we go case by case. First, in the presence of
demand shocks alone, setting relative prices equal to a constant markup on marginal costs
coincides with the first-best. By contrast, fixing the quantity supplied induces losses. Thus,
demand shocks favor price-setting. Second, in the face of aggregate price shocks, fixing an
optimal quantity allows relative prices to adjust perfectly while fixing an optimal price leads
the firm’s price to diverge from the aggregate price and loses revenue. Thus, aggregate price
shocks favor quantity-setting. Third and fourth, when demand and real marginal costs or
aggregate prices and real marginal costs negatively covary, price-setting causes the firm to
produce a large amount exactly when costs are low, favoring price-setting. The extent to
which the firm values (i)-(iv) is mediated by the price elasticity of demand, as that determines
how rapidly prices respond to underlying changes.

As important as what does appear is what does not appear. First, in light of constant
physical returns-to-scale, no means of any variables appear. Second, no moments involving
the stochastic discount factor appear. This is somewhat surprising as the proof of the result
shows that both the revenue-hedging benefits and cost-hedging costs depend on the prop-
erties of the stochastic discount factor. However, the stochastic discount factor enters both
of these terms symmetrically, and its properties are therefore immaterial for the comparison
of price-setting and quantity-setting. Third, the variance of real marginal costs does not
appear as both quantity and price-setting manage real marginal cost variation equally well

under constant physical returns.
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We finally observe that the advantage of price-setting in Equation 16 could be empirically
estimated if we could measure the elasticity of demand and firms’ uncertainty about demand,
the price level, and marginal costs. This calculation relies on the model structure of our firm’s
problem, but not on the specific general equilibrium closure we will pursue in Sections 3, 4,

and 5. We will do such a calculation in Section 6.

2.3 Extensions: Decreasing Returns to Scale, Adjustment Costs,

and Flexible Supply Schedules

Decreasing Returns to Scale. Our analysis so far assumed that firms have constant
physical returns-to-scale and take input prices as given. In Appendix C.1, we derive a
version of Proposition 1 when firms have decreasing returns and have monopsony power in
input markets. This formula has many additional terms relative to Proposition 1, including
the fact that means matter because of scale effects. This notwithstanding, the same core
trade-off that we have highlighted, between demand uncertainty favoring price-setting and

aggregate price uncertainty favoring quantity-setting, continues to hold.

Adjustment Costs. Our model assumes that there are no direct costs to ex post vari-
ation in prices or quantities, holding fixed their effects on (discounted) profits. However,
in practice, adjusting quantities ex post could be costly because it is difficult to deploy (or
hoard) factors, and adjusting prices ez post could be costly because it confuses or upsets
consumers. To capture these forces, we pursue an extension in Appendix C.2 which allows
for adjustment costs proportional to the unexpected variance of log quantities and log prices
and provide the analogue to Proposition 1. Intuitively, quantity variance penalties favor
quantity-setting and price variance penalties favor price-setting. Nonetheless, the key con-
siderations described in our main analysis survive. In this way, adjustment costs might tilt
the balance toward either prices or quantities, but not upset the logic that prices become

more favorable with high demand variance and low price-level variance.

3 A Monetary Macroeconomic Model

We now embed the problem of “choosing what to choose” in a monetary macroeconomic
model. We intentionally use standard microfoundations (see e.g., Woodford, 2003b; Hellwig
and Venkateswaran, 2009; Drenik and Perez, 2020) and deviate only in allowing firms to
choose whether to commit to price or quantity choice. In Section 4, we use this model to

derive a fully micro-founded, general-equilibrium specialization of Proposition 1 and to study
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the equilibrium implications of price vs. quantity choice. In Section 5, we extend this model

to study the effects of monetary stabilization policies.

3.1 Households

Time is discrete and infinite £ € N. A representative household has expected discounted
utility preferences with discount factor 5 € (0,1) and per-period utility defined over a
continuum of consumption varieties indexed by i € [0, 1], Cy;, holdings of real money balances,

%’f, and labor effort supplied to each firm, Ny:

Eo

o] 1—v M.
> B OtT +In =t — [ g Ny di (17)
t=0 1—7 b [0,1]

where v > 0 indexes income effects in both money demand and labor supply and ¢; > 0
is the marginal disutility of labor supplied to firm ¢ at time ¢, which is IID and follows
log it ~ N (pe, 03)). The consumption aggregate C is a constant-elasticity-of-substitution

aggregate of the individual consumption varieties with elasticity of substitution given by

C, = (/ 9T di) . (18)
0.1

where ¢;; is an IID preference shock and follows logd;; ~ N (ug,ag). We also define the

n>1:

corresponding ideal price index:

p= ([ vl (19
[0,1]

Households can save in either money or risk-free one-period bonds B, (in zero net supply)
that pay an interest rate of (1 4 4;). The household owns the firms in the economy, each of
which has real profits of Il;;. Thus, the household faces the following budget constraint at

each time ¢:

(0,1]

pitCindi = My_1 + (1 +44-1)Bi1 + /

[0,1]

wi Ny di + / IL;; di (20)
[0,1]
where p;; is the price of variety of variety ¢ and w; is the nominal wage.
The aggregate money supply follows a random walk with drift p;; and time-dependent
volatility {oM }ien:
log My = log M,_y + pipr + oMM (21)
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where the money innovation is an IID random variable that follows e ~ N(0,1). So that

interest rates remain strictly positive, we assume that %aﬁh < ppr for all t € N.

3.2 Firms

The production side of the model follows closely the model from Section 2. Each consumption
variety is produced by a separate monopolist, also indexed by ¢ € [0, 1]. The firm can choose
to set a quantity ¢; or a price p;. The firm hires labor L (the sole input in this model) at

wage w;; to produce according to the constant returns-to-scale production technology:
Git = z ALt (22)

where z; is IID and follows log z;; ~ N(u.,0?) while log A; follows an AR(1) with time-
varying volatility o/:

log A; = plog Ay_y + of'e (23)

with the productivity innovations are IID and follow £ ~ N(0,1). The firm’s nominal
profits are given by:
Wit = pirqit — wir L (24)

Since firms are owned by the representative household, their objective is to maximize expec-
tations of real profits, discounted by some stochastic discount factor, or %:Hit.
At the beginning of time period ¢, firms first observe A; ; and M,; ;. Second, firms

receive private signals about aggregate productivity s; and the money supply s

A s,A
siy = log Ay + 04 58,

(25)

M __ s,M
s; = log My + o sy

where the signal noise is IID and follows &5, %" ~ N(0,1). Third, firms choose whether
to set a price or a quantity and what to set it at. Fourth, the money supply, idiosyncratic
demand shocks, and both aggregate and idiosyncratic productivity are realized. Finally, the
household makes its consumption and savings decisions and any prices that were not fixed

adjust to clear the market.

3.3 Equilibrium

P14

We define equilibrium in two steps. We first fix firms’ “choice of choices” at each date t to

define a rational expectations temporary equilibrium:

13



Definition 1 (Temporary Equilibrium). A temporary equilibrium is a partition of N into

two sets TT and T® and a collection of variables

{{Pm%’uOz't,Nit,Lmwit;@t,19it>zit7Hit}ie[o,1]7Ct,PtaMt,At,Bt,Nt,At,Uf‘ﬁy}teN (26)

such that:

. In periods t € T, all firms choose their prices p;; to maximize expected real profits

under the household’s real stochastic discount factor.

. In periods t € T?, all firms choose their quantities q; to maximize expected real profits

under the household’s real stochastic discount factor.

. In all periods, the household chooses consumption Cj;, labor supply Ni;, money holdings

M, and bond holdings B; to maximize their expected utility subject to their lifetime

budget constraint, while A; is the household’s marginal utility of consumption.

. In all periods, money supply M; and productivity A; and evolve exogenously via Equa-

tions 21 and 235.

. In all periods, firms’ and consumers’ expectations are consistent with the equilibrium

law of motion.

. In all periods, the markets for the intermediate goods, final good, labor varieties, bonds,

and money balances all clear.

In a temporary equilibrium, firms set either prices or quantities, but the choice between

the two is not necessarily optimal. We define an equilibrium as a temporary equilibrium in

which the choice between price and quantity-setting is optimal at all times:

Definition 2 (Equilibrium). An equilibrium is a temporary equilibrium in which:

4

1. Ift € T, all firms find price-setting optimal. That is, expected real profits under the

household’s real stochastic discount factor are weakly higher under price-setting than

quantity-setting.

CIft € T9, all firms find quantity-setting optimal. That is, expected real profits under

the household’s real stochastic discount factor are weakly higher under price-setting

than quantity-setting.

Choosing What to Choose in General-Equilibrium

We now study the equilibrium properties of the model. We begin by deriving the structure of

firms’ demand and costs in equilibrium. Using this, we characterize the aggregate behavior
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of consumption and prices under quantity-setting and price-setting temporary equilibrium,
in which all firms always use the respective planning instrument. If all firms set prices,
monetary shocks have effects on real output. By contrast, if all firms set quantities, money
is neutral and has no effect on real output. We finally characterize when price-setting and
quantity-setting equilibria obtain and derive comparative statics for their presence in terms

of the extent and nature of aggregate volatility.

4.1 Demand and Costs in Equilibrium

We begin by deriving each firm’s demand curve, the aggregate price level, its real marginal
costs, and the stochastic discount factor that they face in equilibrium. From the intratem-
poral Euler equation for consumption demand wvs. labor supply, the household equates the
marginal benefit of supplying additional labor w;C; Y P, with its marginal cost ¢;. Thus,
we have that:

Wit = @ﬂ%CZ (27)

From the intertemporal Euler equation between consumption and money today, we obtain
that the cost of holding an additional dollar today C; Y P! equals the benefit of holding an

additional dollar today M, ! plus the value of an additional dollar tomorrow SE; [C[ﬂ%ﬂ} :

1 1 1
C,'—==— E; |C —— 28

t Pt Mt + 6 t |i t+1 Pt+1:| ( )
Further, from the intertemporal choice between bonds, we know that the cost of saving an
additional dollar today equals the nominal interest rate 1+1i; times tha value of an additional

dollar tomorrow: . .
T — =3(14+14)E o — 2
C, j2) 5( + iy ) By |:Ct+1 Ptﬂ} ( 9)

By combining Equations 28 and 29, we obtain that aggregate consumption demand follows:

N 3 %5
Ot_(1+zt> (Pt) (30)

which implies that aggregate consumption is increasing in real money balances, with elasticity

given by % Intuitively, when consumption has greater curvature, income effects in money
demand are larger and money demand is more responsive to changes in consumption. Thus
implies that consumption responds less to real money balances when ~ is large. The level of
real money balances naturally depends on the opportunity cost of holding money i;, and so

money demand is lower when interest rates are high, all else equal.
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Moreover, by substituting Equation 30 back into Equation 29, we obtain a recursion that
interest rates must satisfy:
141
— =1+ fE, {

1t

1+di1 M, }

- 31
i1 M ( )

As money follows a random walk, solving this equation forward and employing the house-

hold’s transversality condition, we obtain that:?

: L1+ Bexp{—u + éaﬁu} Z H Bexp{—u + 5012\4,1%—&-]’} (33)
t

i=1 j=1

which is deterministic, but depends on the full future path of monetary volatility.
Finally, from the optimal choice between varieties, we obtain that the firm’s demand

curve is given by:
1

Dit Cit K

b _ (W) (34)
which expresses the idea that the firm faces strong demand when aggregate consumption is
high, its competitors prices are low, or its idiosyncratic demand is high. Moreover, 7 is the
price elasticity of demand that the firm faces.

Summarizing the above, we have derived the following equilibrium mapping from endoge-

nous objects to the objects that are relevant to the firm in partial-equilibrium.

Lemma 1 (Firm-Level Shocks in General Equilibrium). In any temporary equilibrium, de-
mand shocks, aggregate price shocks, stochastic discount factor shocks, and marginal cost

shocks follow:

it
1+,

e

it =
Zit Ay

\I[it = ﬁitCt ) Pt = Ct_’yMt ’ At = Ot_fy ) M (35)

Proof. See Appendix A.2. O

The first expression conveys that demand shocks have two components: an idiosyncratic
shock deriving from consumer preferences and an aggregate shock corresponding to the ag-
gregate demand externality (Blanchard and Kiyotaki, 1987). The second expression derives

from households’ demand for money balances, and conveys the fact that the price level must

30bserve also that in the case of time-invariant money volatility, interest rates follow the familiar equation:

1
1+i* =B exp {MM_QUJQW} (32)
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increase in nominal money balances, increase in the nominal interest rate, and decrease in
consumption to lie on this demand curve. The third expression derives from the represen-
tative consumer’s CRRA preferences. The fourth expression derives from combining the
labor supply curve with the assumption that firms’ productivity has a microeconomic com-
ponent z; and a macroeconomic component A;. Finally, note that the presence of common
macroeconomic variables in these four expressions necessarily implies covariances between
these objects.

An important implication of Lemma 1 is that, if C; is log-normal in a temporary equi-
librium, then so too is (W, Py, Ay, M;;). This follows from the fact that all four expressions
are log-linear and all other fundamentals (M;, 9y, ¢y, zit, A;) are log-normal by assumption.
Therefore, if we can find that C} is log-normal in a temporary equilibrium, our Proposition 1
can be directly applied to calculate the relative benefits of quantity-setting and price-setting
in general-equilibrium. We will call a temporary equilibrium in which log C; is linear in

(log As,log My) a log-linear temporary equilibrium.

4.2 QOutcomes under Price-Setting and Quantity-Setting

We next characterize aggregate outcomes in the economy taking as given that all firms
set either prices or quantities. In particular, we establish that there are indeed temporary

equilibria in which aggregate consumption is exactly log-linear in aggregate shocks.

Outcomes Under Price-Setting. Suppose that all firms set prices. We guess and verify
that there exists a unique temporary equilibrium in which aggregate consumption is log-

linear in aggregate shocks:
log Gy = Xy + X, log A¢ + Xy, log M, (36)

Combining our formula for the optimal price (Equation 9) with Lemma 1, the optimal price

follows:
log pix = log <%) + log By [¢it(zitAt)_1Ptn19itCt] — log E; [Ctl_’yptn_lﬁit} (37)

Substituting our guess that C; is log-linear in the aggregate shocks, we obtain that p; is
log-linear in the firm’s signals about the aggregate shocks. We can then aggregate the prices
that firms set by exploiting the formula for the aggregate price along with log-normality of

the signals and the idiosyncratic demand shocks:

1
log P, = .

log E; [exp {log Vs + (1 — 1) log pit }| (38)
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Substituting this into the household’s consumption demand (Equation 30) yields a formula
for aggregate consumption. As this is indeed log-linear, we can solve for the unique coeffi-

cients (Xg ' Xi,t? Xﬁ,t) that verify the conjecture. To this end, define:

1 1
KltA = 2 Rl = 2 (39)
RIey Y

which is the posterior weight on the firms’ signals of productivity and the aggregate money

supply. Performing the above steps yields the dynamics of the economy when all firms choose

to set prices.

Proposition 2 (Outcomes under Price-Setting). If all firms set prices, output in the unique

log-linear temporary equilibrium follows:
p L4 1 M
log Cy = xp, + ;/{t log Ay + 5 (1— k") log M, (40)
and the aggregate price in the unique log-linear temporary equilibrium s given by:
log P, = X4, — ki log Ay + k" log M, (41)

where X{i , and )25 . are constants that depend only on parameters and past shocks to the

economy.
Proof. See Appendix A.3. m

This result establishes that when all firms set prices, so long as information about the
money supply is not perfect, monetary shocks affect real output and consumption. The basic
logic echoes Lucas (1972). When the money supply increases by one percent, the partial-
equilibrium effect is that real money balances increase by one percent and so consumption
increases by }{ percent. This causes an increase in real wages by v x % = 1 percent. Moreover,
as firms imperfectly observe the money supply, when it goes up by one percent, on average
firms perceive that it has gone up by M percent. Hence, on average, firms think that real
marginal costs will go up by s percent. As firms charge a constant markup on their marginal
costs, firms increase prices by kM percent on average. This is the partial-equilibrium effect.
There are two general equilibrium effects. First, this M percent increase in prices reduces
real money balances by kM percent, which reduces consumption by %Y/{i” percent, which
decreases perceived real marginal costs and prices by kM ., Second, as prices have gone up
by kM percent, all firms adjust their prices up by kM *. These two general equilibrium effects

perfectly offset. Thus, the total effect is simply the partial-equilibrium effect and prices rise
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by xM percent. Given this imperfect pass-through to equilibrium prices, the equilibrium
effect on real money balances of a one percent expansion in the money supply is a 1 — &M
percent increase. Hence, aggregate consumption increases by %( 1—xM) percent and changes
in the money supply have effects on real output.

To understand the pass-through of productivity shocks under price-setting, suppose that
productivity increases by one percent. When productivity increases by one percent, as firms
have imperfect information, they perceive that it has increased by k7' percent on average.
Under price-setting, as firms charge a constant markup on marginal costs, a one percent
decrease in the marginal cost of production passes through into a one percent decrease in their
price. So the direct effect of this change is that firms all reduce their prices by x{* percent.
This induces the following general-equilibrium effects. First, if aggregate prices fall by one
percent, then a firm reduces its price by one percent to prevent a fall in demand. Second,
if aggregate prices fall by one percent, real money balances increase by one percent, and so
consumption goes up by % percent. This causes an increase in real wages by 1 = %xy percent,
which increases real marginal costs by one percent and leads to a one percent increase in
prices. These two general-equilibrium effects perfectly cancel, and so the general-equilibrium
effect of productivity on prices is equal to the partial-equilibrium effect of productivity on
prices. Thus, prices fall by ! percent when productivity increases by one percent. Moreover,
this causes a ki percent increase in real money balances, and so consumption increases by

1,.A
Shi percent.

Outcomes Under Quantity-Setting. Next, we suppose that all firms set quantities. We

again conjecture that aggregate consumption is log-linear in aggregate shocks:
log C; = X(Cft + Xiit log Ay + XJ\QM log M; (42)

where, as we derived in Section 2 the optimal quantity set by firms is given by
B 141
log gi = —1 {log (%) + log By [¢it (ziAr) 1] —Ey {79;015 ! n” (43)

Substituting our guess that C; is log-linear in the aggregate shocks, we can obtain an log-
linear expression for g;;, which we may substitute into the consumption index (Equation 18).
Aggregating quantities in this way yields a log-linear expression for aggregate consumption,
which we can use to solve for the unique coefficients (Xg%t, th, X?u)- Performing the above

the above steps yields the dynamics of the economy when all firms choose to set quantities.

Proposition 3 (Outcomes under Quantity-Setting). If all firms set quantities, output in
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the unique log-linear temporary equilibrium follows:

A

nK
log Ct - X()Q¢ + 1— A( ?7’7)
t

and the aggregate price in the unique log-linear temporary equilibrium is given by:

kK
1— &1 =)

log P, = >~<0Q,t — log A; + log M, (45)
where X(th and )ZOQ,t are constants that depend only on parameters and past shocks to the

economy.
Proof. See Appendix A.4. m

Money supply shocks are neutral in quantity-setting equilibria, in an important contrast
to the price-setting analysis of Proposition 2. The reason is subtle. Suppose that the money
supply goes up by one percent. Absent any adjustment in prices, consumer demand would
go up by % percent. This has two effects on firms’ quantity-setting choices. First, firms on
average perceive that wages and real marginal costs increase by xM = v x /@t percent.

Second, firms on average perceive that aggregate demand increases by X "ft percent.

Thus, the quantity that the firm sets increases by %/fiw i <% — 7) percent. However, for the
goods market to clear, we require that the change in demand equals the change in supply,
which requires that = —/it n <— — fy) This is equivalent to requiring that 1 = &M (1 —nry).
However, as ny > O and kM < 1, this is impossible. Intuitively, even in the absence of
income effects in labor supply, as firms imperfectly respond to any increases in demand that
a monetary expansion might induce, supply can never meet demand. Thus, prices must
increase until any increase in demand is perfectly offset, which requires that real money
balances remain unchanged. Hence, there are no real effects of changes in the money supply
and full pass-through of changes in the money supply into prices.

To understand the pass-through of productivity shocks under quantity-setting, we de-
scribe the partial-equilibrium effects on production and their general-equilibrium amplifica-
tion. Under quantity-setting, when aggregate productivity goes up, firms on average think
that aggregate productivity has gone up by ki as they observe this increase imperfectly.
In response to a one percent productivity increase, firms increase production by n percent.
This itself increases aggregate demand by % percent through aggregate demand externalities,
which increases production by n x % = 1 percent. However, it also increases wages by ~ per-
cent because of income effects, which causes firms to reduce production by 7y percent. Thus,

the direct effects on production are k! x n and the first-round general-equilibrium effects
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are k' x (1 —n). Iterating this logic through higher-round general-equilibrium effects, we
obtain that:*

dlog Cy A A - A k nk;
v NG — ~~ >
PE GE

Thus, the pass-through of productivity shocks is increasing in how well firms perceive them
k{t and the strength of aggregate demand externalities 7, while it decreases in the extent of

income effects in labor supply 7.

Comparing Outcomes under Price-Setting and Quantity-Setting. We now sum-
marize the key differences in how macroeconomic variables respond to shocks under the
two regimes. We first formalize the sharp difference between how the economy responds to

monetary shocks across the price-setting and quantity-setting regimes:

Corollary 1 (Differential Responses to Monetary Shocks). In the unique log-linear tempo-
rary equilibria under price-setting and quanity-setting, the responses of real output and the

aggregate price to money shocks satisfy:

dlog CF - dlogCp _ Olog PP - dlog PP

= = 4
dlog M, 0log M, 0log M, 0log M, >0 (47)

For the reasons we have described, money shocks have a higher pass-through into real con-
sumption and a lower pass-through into prices in a price-setting economy versus a quantity-
setting economy. We will test this prediction in Section 7. We next summarize the differential

response to productivity shocks:

Corollary 2 (Differential Responses to Productivity Shocks). In the unique log-linear tem-
porary equilibria under price-setting and quantity-setting, the responses of real output and

the aggregate price to productivity shocks satisfy, when ny < 1:

dlog CF - dlog C9 - dlog PT _ dlog P9
dlog A dlog A Odlog A dlog A

<0 (48)

with the reverse inequalities (but the same sign) when ny > 1 and equality (but the same

sign) when ny = 1.

4This logic is informal and the proof of the result uses formal fixed-point techniques. In particular,
observe that if (1 — 7y) < —1, then the geometric sum does not converge. Yet there still exists the
claimed temporary equilibrium in this case.
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Whether responses to productivity shocks are larger under price-setting or quantity-
setting depends on the relationship of -y, which determines the size of the partial-equilibrium
and general-equilibrium effects of productivity shocks on output. Intuitively, they are both
equal when 77y = 1 as (i) all general-equilibrium effects under both price-setting and quantity-
setting cancel out and (ii) the partial-equilibrium effects are of the same size under both
regimes. Suppose now that n falls so that ny < 1, quantity-setting firms respond less
strongly to productivity shocks while the partial-equilibrium effect (which equals the total
effect) under price-setting remains the same. Thus, the economy responds relatively more
aggressively to productivity shocks under price-setting. In the ny > 1 case, the intuition
reverses and the economy responds relatively less aggressively to productivity shocks under

price-setting.

4.3 Price-Setting and Quantity-Setting Equilibria

So far, we have established the properties of temporary equilibria (Definition 1) in which we
assume that firms always set prices or quantities. We now study when temporary equilibria
are equilibria. In particular, under what conditions do all firms want to set prices (or

quantities) when all other firms are doing the same?

Equilibrium Incentives for the “Choice of Choices”. To determine the equilibrium
incentives for price-setting and quantity-setting, we first combine Lemma 1 with Proposition
1 (along with the fact that consumption is log-linear under both price-setting and quantity-

setting from Propositions 2 and 3) to derive that:

Ac=5-1) (%o— o (=) oty = el 4 2(1 - m)ac,A,Q (19)
This reduces the equilibrium determination of A; to a question of how the volatility of
consumption and the covariance between consumption and productivity differ across the
price-setting and quantity-setting temporary equilibria. We next use our characterizations of
temporary equilibrium under price- and quantity-setting (Propositions 2 and 3) to determine
the volatility of consumption and its covariance with productivity in each case. This allows
us to state the following result which expresses A; as a function of primitives under price-

setting and quantity-setting:

Lemma 2 (Prices vs. Quantities in Equilibrium). If all firms set quantities, then the com-
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parative advantage of prices over quantities is given by:

1 1
AP = 5 =1 (50'?9 — ko,

(50)
nek;

1—w(1—ny

1
+ (5(1—777) )+2) =T a4

n(s) )

Moreover, all firms can set quantities in equilibrium at time t if and only if A? <0. If all

firms set prices, then the comparative advantage of prices over quantities is given by:
1 1 1 1— kM2
Af=5(0—1)<50§+ (—77+5(1—m)2( ,Yt ) )/ftMaﬁms

(”24)2 o2
~ A,s

Moreover, all firms can set prices in equilibrium at time t if and only if AT > 0.

(51)

A

+ (%(1 - m)% + 2) (L—=n7v)

Proof. See Appendix A.5. O]

Importantly, since A? # AP in general, others’ choice of whether to set prices or quanti-
ties affects any given firm’s incentives to set prices or quantities. Does the fact that others set
prices (quantities) increase or decrease my own desire to set prices (quantities)? Strikingly,

we find that these decisions are always strategic complements:

Proposition 4 (Complementarity in Choices of Choices). The decision to set a price or

a quantity is one of strategic complements, i.e, A > AtQ, with strict inequality whenever
my # 1.

Proof. See Appendix A.6. O]

We first consider the case when 1y < 1. In this case, consumption responds more to
productivity shocks under price-setting (Corollary 2). Moreover, regardless of the value
of 77y, consumption responds more to monetary shocks under price-setting (Corollary 1).
Therefore, others being price-setters increases both the variance of consumption and the
covariance of consumption with productivity. Both of these forces favor price-setting, as
shown in Equation 49. In summary, others setting prices induces aggregate volatility which
makes it more attractive for any given firm to also set a price.

In the case of ny > 1, consumption is more responsive to monetary shocks but less

responsive to productivity shocks under price-setting versus quantity-setting. In the proof,
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we show how these effects net out in Equation 49 in the direction of making price-setting

more attractive when other firms set prices.

Existence of Price- and Quantity-Setting Equilibria. An immediate corollary of the
strategic complementarity uncovered in Proposition 4 is that there always exists at least one

“pure” price- or quantity-setting equilibrium:
Corollary 3 (Existence of Pure Equilibria). There ezxists an equilibrium.

This result follows immediately from Proposition 4. In particular, there are two possible
cases. First, suppose that firms prefer to set prices if others set quantities, or AtQ > 0. In
this case, they even more sharply prefer to set prices if others set prices, or AF > A? > 0.
Therefore, there exists a price-setting equilibrium. Conversely, suppose that firms prefer to
quantities when others set quantities, A? < 0. In this case, a quantity-setting equilibrium
trivially exists. As these cases are exhaustive, a pure equilibrium exists. We argue that this
result is not obvious ex ante. In particular, if the decision to set prices was one of substitutes,

pure equilibria could fail to exist (of course a mixed equilibrium would always exist).

Characterizing the Presence of Price- and Quantity-Setting Equilibria. The dis-
cussion above leaves open the possibility that firms could prefer to set prices when others
set prices and prefer to set quantities when others set quantities. That is, AP >0 > A?.
Intuitively, this hinges on the quantitative magnitude of the forces underlying Proposition 4.
In the following result, we provide necessary and sufficient conditions in terms of primitives

for the coexistence of both equilibria:

Proposition 5 (Characterization of Price- and Quantity-Setting Equilibria). The following

statements are true:

1. If npy = 1, then AY = AP = AR(0) = %03 — 7]/1M0']2V[78. Thus, there exists a quantity-
setting equilibrium if and only if A9(0) < 0 and there exists a price-setting equilibrium
if and only if A?(0) > 0.

2. If ny < 1, then A? and AL are strictly increasing in ki*, (decreasing in of* ). Thus,
there exist unique thresholds k3 € [0,1] and &p € [0,1], such that there exists a
quantity-setting equilibrium if and only if k1, < Rg and there exists a price-setting
equilibrium if and only if ki, > k4. Moreover, Rg > R

3. Ifnry > 1, then AP and AT are strictly decreasing in ki* | (increasing in o). Thus,
there exist unique thresholds &g € [0,1] and kp € [0,1], such that there exists a
quantity-setting equilibrium if and only if k| > /Z:é and there exists a price-setting

equilibrium if and only if ki | < k%. Moreover, RS < k.
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Proof. See Appendix A.8. O

We illustrate cases 2 and 3 graphically in Figure 1. In each case, for example parameter
values, we plot A? and A” as a function of x*, holding fixed all other parameters. We
identify the points at which each curve cross A = 0 and shade the parameter regimes
in which there is only a quantity-setting equilibrium, only a price-setting-equilibrium, and
both equilibria.

To understand this result, we discuss each case. First, when 1y = 1, there is no strate-
gic complementarity in the choice of what to choose. Thus, A is the same under both
price-setting and quantity-setting. Moreover, when ny = 1, the stochastic properties of
consumption do not affect A. Thus, the existence of a price-setting equilibrium (or a
quantity-setting equilibrium) boils down to simply asking if idiosyncratic demand shocks
are sufficiently larger than firms’ uncertainty about the money supply (and resulting price
volatility). When 7y < 1, there is strict strategic complementarity in the choice of what
to choose. Moreover, when firms set prices, the economy responds more to productivity
shocks under price-setting. Thus, the relative response of the economy to productivity to
productivity shocks under price-setting vs. quantity-setting is increasing in the precision of
agents’ knowledge about productivity x/* ;. Hence, as k{* | increases, the induced increase in
consumption volatility favors price-setting, which increases both A and A? . When nvy > 1,
there remains strategic complementarity, but the relative response of the economy to pro-
ductivity shocks under price-setting vs. quantity-setting is decreasing in the precision of
agents’ knowledge about productivity x* ;. Thus, Al and A? both decrease in the precision
of agents’ information about productivity.

This result implies that the economy can dynamically transition between price-setting
and quantity-setting regimes for both exogenous and endogenous reasons. First, as aggregate
productivity volatility moves exogenously, the economy can transition between times in
which uncertainty favors quantity-setting (the blue regions in Figure 1) and times in which
uncertainty favors price-setting (the orange regions in Figure 1).

Second, price-setting and quantity-setting can be entirely self-fulfilling in equilibrium (the
red regions in Figure 1) and generate endogenous regime shifts. At a basic level, this result
stems from the fact that quantity-setting and price-setting can generate macroeconomic
volatility that is self-fulfilling. This occurs when the differences in macroeconomic dynamics
between the two regimes are sufficiently large to tip incentives in favor of one or the other.
A particularly extreme manifestation of this phenomenon is that if the economy lies in the
multiplicity region, then we can construct equilibria that switch arbitrarily between price-

and quantity-setting from period to period. This is formalized below:
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Figure 1: Example Characterization of Price- and Quantity-Setting Equilibria
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Note: This figure illustrates Proposition 5 under example parameter values. In each panel, we
plot A? (dashed line) and A" (dotted line) as a function of k4, fixing all other parameter values.
In Example A, we use parameters such that 7y < 1 (case 2 of Proposition 5). In Example B,
we use parameters such that ny > 1 (case 2 of Proposition 5). We shade the region with only a
quantity-setting equilibrium blue, the region with only a price-setting equilibrium orange, and the
region with both equilibria red.

Condition 1 (Regime-Switching). Suppose one of the following three statements is true:

1. ny=1 and %0129 = T]IiMU%/LS

2. ny <1 and k| € [Fp,kQ) for all t € N
3.y >1 and k1, € [R5, kp,] for all t € N

Corollary 4 (Regime-Switching). Consider any partition of N into two sets TF and T¢.
Under (and only under) Condition 1, there exists an equilibrium such that firms set quantities

in all periods t € T and firms set prices in all period t € TF.

Thus, our analysis offers a fully endogenous explanation for the stochastic volatility
patterns observed in macroeconomic data and, by extension, in our calculation for the relative
incentives for price-setting and quantity-setting in Section 6. Moreover, in contrast to the
standard macroeconomics literature (see e.g., Berger and Vavra, 2019), there is no dichotomy
between shocks and responsiveness in our setting: the volatility of shocks determines (and is
determined by) the macroeconomic regime. Hence, there is a two-way relationship between

the volatility of shocks and the responsiveness of the economy to shocks.
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5 Monetary Policy Transmission

In our equilibrium analysis, we highlighted how the transmission of money supply shocks
to aggregate quantities and prices was shaped by firms’ price vs. quantity choice. But our
model allowed no role for systematic monetary policy, or manipulation of the money supply
in response to economic conditions. We now investigate how monetary stabilization policy
is affected by firms’ choices of what to choose. We derive how the identity of the decision
regime (price-setting or quantity-setting) affects the transmission of policy and how policy
affects firms’ choice of decision variable. Taken together, these results suggest novel trade-
offs for policymakers who wish to both manage output and price variation within a regime

and, potentially, induce the economy to transition to a more advantageous regime.

5.1 Set-Up: The Model with a Monetary Rule

To study monetary policy in our model, we allow the money supply to have a drift that

depends linearly on aggregate productivity:
log My = log M, 1 + par + aalog Ay + o, log my (52)

The “policy instruments” are py; and a4. The former controls average money growth and
the latter controls responses to aggregate conditions. Intuitively, a4 > 0 corresponds to
“leaning with” shocks and as < 0 corresponds to “leaning against” shocks. The term
logm; ~ N(0,1) is an (uncontrolled) monetary shock and is IID across time. Finally, for
this analysis, we assume that log A; ~ N(ua,0%) and is IID. The definitions of temporary
equilibrium and equilibrium are analogous to those given in Section 3, with Equation 52
replacing the original money-supply evolution in Equation 21. The original model, under

the restriction to IID productivity, is nested when ay = 0 and logm; = M.

5.2 Monetary Rules and Aggregate Outcomes

We begin by characterizing equilibrium dynamics under price- and quantity-setting tempo-

rary equilibria under the policy rule:

Proposition 6 (Outcomes under the Monetary Rule). If all firms set prices, output in the

unique log-linear equilibrium follows:

1 1
log Cy = xoTy’tl,l + 5 (aa(l — &%)+ K4) log 4, + ;am(l — k™) log my (53)
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and the aggregate price in the unique log-linear equilibrium follows:
log P, = )Za’tl_l + (aq — Dr?log Ay + 0, log my (54)

If all firms set quantities, output in the unique log-linear equilibrium follows:

U
1— w41 =)

log Cy = Xg,%2—1 + log A; (55)

and the aggregate price in the unique log-linear equilibrium follows:

19 s’
logPt = X[):t—l + <OéA - 1 — FLA(l _ 77,7)) log At + Om log my (56)
where Xg,tfl and )Z%?tfl are constants that depend only on parameters and past shocks to the

economy.
Proof. See Appendix A.9 n

Under price-setting, the response of both consumption and prices to productivity shocks
increases in ay4. This is natural since a policymaker setting ay > 0 induces demand when
productivity is high, and a policymaker setting a4 < 0 cools off demand when productivity is
high. When firms set quantities, equilibrium consumption is invariant to a4 and equilibrium
prices are proportional to the money supply expansion a4log A;. This follows from the
neutrality of money under quantity-setting (Proposition 3). Finally, manipulating the drift
of the money supply affects the aggregate price level, but neither the level of consumption

nor the responsiveness of consumption and prices to shocks.

5.3 How Monetary Rules Affect Choices of Choices

The previous result established how monetary policy affected the economy in a fixed regime,
price-setting or quantity-setting. We now study how the possibility of each regime is itself

shaped by policy.

Monetary Policy and Quantity-Setting. First, even though monetary policy does not
affect real aggregate outcomes under quantity-setting, by affecting aggregate price-volatility
it still affects the possibility that the economy is in a quantity-setting regime. To study
these effects, we say that quantity-setting is more possible if A?, the relative preference for
price-setting conditional on all other firms setting quantities, decreases. The following result

characterizes how the nature of monetary policy affects the possibility of quantity-setting:
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Proposition 7 (Monetary Policy and the Possibility of Quantity-Setting). Increasing aa
makes quantity-setting less possible if oy < 1 and more possible if ay > 1. Moreover,
relative to passive monetary policy (aa = 0), active monetary policy makes quantity-setting

less possible if and only if as € (0,2).
Proof. See Appendix A.10. m

Under a quantity-setting regime, monetary policy affects only aggregate prices and not
aggregate quantities. When policy is neutral, or a4 = 0, prices move opposite to produc-
tivity. Increasing oy away from 0 has two effects. First, it increases the volatility of the
money supply, which increases the volatility of prices, favoring quantity-setting. This effect
is second-order in a4. Second, it mechanically increases the covariance between produc-
tivity shocks and the money supply, which reduces the covariance between prices and real
marginal costs, favoring price-setting. This effect is first-order in a4. Further, the second
effect dominates the first effect until a4 reaches one, at which point the quadratic nature
of the first effect dominates. Thus, monetary policy that leans against the wind (ay < 0)
makes quantity-setting more likely, monetary policy that moderately leans into the wind
(aa € (0,2)) makes quantity-setting less likely, and monetary policy that aggressively leans
into the wind (a4 > 2) makes quantity-setting more likely.

Monetary Policy and Price-Setting. We now study how monetary policy affects the
possibility of price-setting equilibria. We say that price-setting is more possible if A, the
relative preference for price-setting conditional on all other firms setting prices, increases. In
this case, monetary policy has the same direct effects on the relative preference for prices or
quantities through the volatility of money and the covariance between money and productiv-
ity as under quantity-setting. However, monetary policy now also has indirect, equilibrium

effects by shaping how productivity shocks transmit into real output.

Proposition 8 (Monetary Policy and the Possibility of Price-Setting). Starting from passive
monetary policy, increasing aq makes price-setting more possible, i.e.,
0

— AP, _o>0 57
Fo A a0 > (57)

Moreover, AT is a strictly concave function of as if and only if ny > 5:2? € (0, %) When

AP is concave, increasing ax makes price-setting more possible if aa < oy and less possible
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if g > oy, where:

2
T (52) (1= st + 21— )
oy = >0 (58)

- (%)2 (1— k4)2

When AT is strictly convez, increasing aa makes price-setting more possible if aa > o

(where oy < 0) and less possible if aq < .
Proof. See Appendix A.11 n

Under a price-setting regime, increasing a4 has the same direct effects on the volatility of
the money supply (that favor quantity-setting to second-order) and the covariance between
money and productivity (that favor price-setting to first-order). In addition, however, there
are now indirect effects as equilibrium consumption in a price-setting regime becomes more
volatile when monetary policy leans into productivity (a second-order effect that favors
price-setting) and has a higher covariance with productivity (a first-order effect that favors
price-setting when 17y < 1 and favors quantity-setting when 77y > 1). The first-order effects
always net in the direction of favoring price-setting and so policy that leans into productivity
shocks makes price-setting more likely (see Figure 2). The relative magnitude of the second-
order effects is ambiguous and the direct effects dominate the indirect effects if and only if
substitutability nvy is sufficiently high (a sufficient condition is that ny > %) In this case,
price-setting is made most likely by a policy that leans into productivity shocks at rate .
In the convex case, the policymaker can always make A? as large as they like by setting a4

large enough in absolute value.

A New Trade-Off for Output Stabilization Policy. If a policymaker wishes to stabilize
output, they can do so by setting a4 < 0, thereby leaning against productivity shocks.
However, this will only succeed if the economy remains in a price-setting regime. Propositions
7 and 8 show that setting a4 < 0 always reduces A? and always locally reduces A, as in
Figure 2 (it also does so globally whenever A is concave or whenever a4 > a% when A”
is convex). Thus, by stabilizing output, they both make price-setting harder to sustain
and quantity-setting easier to sustain. In this sense, attempts to stabilize output have the
potential to switch the economy into a quantity-setting regime.

When the economy is less responsive to productivity under quantity-setting (ny < 1), this
switch is desirable as output is less volatile under quantity-setting. Thus, the policymaker
has a free lunch: output stabilization policies stabilize output conditional on remaining in a
price-setting regime and may switch the economy into a less volatile quantity-setting regime.

However, when the economy is more responsive to productivity shocks under price-setting
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Figure 2: The Effect of Policy on the Comparative Advantage of Prices
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Note: This figure illustrates Propositions 7 and 8 under example parameter values. It plots A®
(dotted line) and AP (dashed line) as a function of the policy parameter a4, fixing all other
parameters. We assume 1y > %, so that AF is concave. Both A? and A’ are locally increasing at
ag = 0, and are maximized at a4 = 1 and a g4 = oy, respectively.

(ny > 1), this switch is undesirable, as output is more volatile under quantity-setting. Hence,

attempts to stabilize output can backfire by inducing an adverse regime shift.

A New Trade-Off for Price Stabilization Policy. If a policymaker wishes to stabilize
the price level, they can do so by setting ay > 0 and leaning into productivity shocks.
This is true in both price-setting and quantity-setting regimes. In a price-setting regime,
this has the familiar cost of increasing output volatility and induces a trade-off between
lowering the price level and keeping real output high. However, in a quantity-setting regime,
the policymaker has a free lunch: they can control the price-level with monetary policy
while the real economy remains unaffected. In other words, our model generates a state-
dependent “Phillips curve,” which is shaped by the nature of policy as well as microeconomic
and macroeconomic uncertainty. In particular, policymakers face a “Phillips curve” if and

only if the economy lies in a price-setting regime.

Regime Switching and Monetary Policy. The preceding discussion suggests that mon-
etary policy rule can induce regime-switches in the economy, by reducing Af or increasing
A®. With active monetary policy, however, it is possible for firm decisions to set price or
quantities can be strategic substitutes. Therefore, a monetary policy rule that makes A”
negative may not induce a “pure” quantity setting regime if A? > 0 > A”. The next propo-
sition gives sufficient conditions for planning choices to be strategic complements, thereby

ensuring the existence of at least one “pure” quantity or price setting equilibrium.
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Proposition 9 (Monetary Policy and Regime Switching). The decision to set a price or a
quantity is one of strategic complements, i.e. AT > A%, if one of the following conditions

are satisfied:

1. ny=1
2. ny <1 and g > cua, where

Gy = 1__":151 1‘_”% € (—00,0) (59)
3. my>1 and ay < aa, where
Ga = 1__“:2 1__77% € (0,1) (60)
Moreover,
dim (AP —A9) >0 (61)
Proof. See Appendix A.12. ]

In particular, planning choices are always strategic complements if ny < 1 and a4 is
not too negative, or 7y > 1 and a4 is not too positive. The intuition for this result is as
follows. If ny < 1, a larger covariance between consumption and productivity, o¢ 4, enters
positively into (16). This is because increasing o¢ 4 reduces oy a more than it raises 17 x o p
whenever 1y < 1. However, o¢ 4 is larger under price setting than quantity setting if and
only if ay > a4 . If ny > 1, 0¢ .4 enters negatively into (16), which requires that oc 4 be
lower under price setting than quantity setting to ensure the existence of complementarities.
This is occurs if and only if o 4 < da, as per the proposition.

Although the presence of strategic substitutability implies that a “pure” equilibrium
may not exist for some parameter values, a mixed equilibrium clearly exists. Appendix
C.3 characterizes — to first-order — the dynamics of the price level and consumption in the
presence of mixing, in which \; € (0,1) fraction of firms set prices, and a fraction 1 — \; of
firms set quantities. In the case with mixing, the dynamics of the economy become a convex

combination of the “pure” dynamics under price setting and quantity setting.

6 Price and Quantity Regimes in US Data

Having described the theoretical model and its equilibrium implications for macroeconomic
dynamics and policy, we now turn to the data. We first ask: does the data, when viewed

through the lens of our model, suggest that firms would prefer to set prices or quantities in
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different realistic circumstances? Or does the price-vs.-quantities choice decidedly favor one
over the other all the time?

In this section, we calculate the relative advantage of price-setting from Proposition 1
in US data. Our approach is to combine time-varying statistical estimates of each volatility
term in Equation 16 with an external calibration for the demand elasticity. We find that
price-setting is optimal in times of tame inflation (the Great Moderation) and high demand
uncertainty (the Great Recession or first quarter of Covid-19 lockdown), while quantity-
setting is optimal in times of volatile inflation (the 1970s and post-Covid inflation). Thus,
the economic considerations in Proposition 1 deliver a close “horse race,” with different

winners in different periods of history.

6.1 Data and Methods

For our main calculation, we use quarterly-frequency US data on real GDP, GDP deflator,
and capacity-utilization adjusted total factor productivity (TFP) (Basu et al., 2006; Fernald,
2014) from 1960Q1 to 2022 Q4. Thus, our mapping from model to data considers quarterly-
frequency decisions.

We map these variables to model quantities as follows. First, consistent with our equi-
librium model, we model the demand shock as W = Y1), where Y is aggregate real GDP
(i.e., “aggregate demand”) and ¢ is a firm-specific demand shock that is, by construction,
orthogonal to aggregate conditions. Thus, we can decompose o3, = 0% + 03, where the latter
two terms are respectively the variances of logY and log¢.

Second, we assume as in the equilibrium model that real marginal costs are determined
at the aggregate level as M = Y7/A, where v > 0 measures wealth effects in labor supply
and controls the cyclicality of real wages and A is an aggregate shock to productivity. We
set v = 0.095 based on the calibration in Flynn and Sastry (2022a) for the rigidity of
US real wages. We measure A via the aforementioned data on the utilization-adjusted
aggregate Solow residual. The assumption that physical productivity is identical across
firms, while demand varies, is consistent with the findings of Foster et al. (2008) that cross-
firm variation in revenue total factor productivity (TFPR) derives almost exclusively from
demand differences rather than marginal cost differences within specific industries. Assuming
that all cross-firm variation derives from demand shocks biases our calculation toward price-
setting, in light of our findings in Proposition 1.

Finally, we assume that uncertainty about idiosyncratic demand is directly proportional
to uncertainty about aggregate marginal costs, or 03 = R%*03,. We justify this based on the

finding of Bloom et al. (2018) that the stochastic volatility of TFPR among manufacturing
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firms (“micro volatility”) is well modeled as directly proportional to stochastic volatility in
aggregate conditions (“macro volatility”). Based on these authors’ quantitative findings,
we take R = 6.5 as a baseline. In an extension, we directly use (annual) data on TFPR
dispersion from Bloom et al. (2018) to inform our calculation.

The assumptions described above make all variance terms in Proposition 1 functions
of the time-varying uncertainties about aggregate real GDP, inflation, and real marginal
costs. We estimate these time-varying uncertainties using a multivariate GARCH model. In

particular, letting Z; denote the vector of these three variables, we model
Zt = AZt,1 —+ Et, E v N(O, Et>7 Zt = DERDE (62)

where A is a matrix of AR(1) coefficients, D; is a diagonal matrix of time-varying vari-
1

ances (and D? is a diagonal matrix of standard deviations) and R is a static matrix of

2

correlations. We assume that each diagonal element of Dy, denoted as oj,, evolves as

0l = 5; + e,y + Bio},_,, with unknown constant s; and coefficients (a;, 5;). Formally,
this is a GARCH(1,1) model with constant conditional correlations (Bollerslev, 1990). In
our context, the restriction to constant correlations restricts the covariances in Equation 16
to move in proportion to the variances and thus rules out the possibility that the correlation
structure among output, prices, and marginal costs varies over time. We estimate all of the
parameters via joint maximum likelihood.

From this, we derive maximum-likelihood point estimates of every element of ;, which
correspond to the variances in the (Gaussian) conditional forecast of Z;. Letting 6, denote

the point estimates of specific elements of that matrix, we compute:

Ogy =0y, + R34, Owme = Ovima (63)

Finally, we take a central estimate of n = 9 from the study of Broda and Weinstein (2006).
These authors use comprehensive panel data on US imports to estimate demand curves at
the level of disaggregated products. This is, usefully for our purposes, direct evidence for
the slope of demand curves, as opposed to indirect evidence from matching average product
markups under the assumption that firms are full-information price setters.

We now calculate our empirical proxy for the benefit of price-setting,

1 1. ) ) .
Av=5—1) (50@ —N0py — 20w M — 2770P:M¢> (64)

Our calculation captures uncertainty about outcomes realized in quarter ¢, and is measurable
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Figure 3: The Relative Benefit of Price-Setting in US Data
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Note: This figure plots our empirical estimate of A, (the comparative advantage of price-setting
relative to quantity-setting) and its components, as defined in Proposition 1 (Equation 16). The
black line plots At, in units of expected percent profit improvement (100 times log points). The
blue (dashed), orange (dotted), green (dashed), and red (dash-dotted) lines plot each of the four
components of A, corresponding to uncertainty about different variables. The grey shading denotes
periods in which A; < 0 and thus, according to Proposition 1, quantity-setting is optimal for firms.
As described in Section 6.1, the calculation uses estimates of time-varying volatilities from a CCC
GARCH(1,1) model and a calibrated demand elasticity of n = 9. The demand component exceeds
the scale of the figure in Q2 and Q3 of 2020.

in data from quarter t — 1 and prior. It therefore describes incentives of a decisionmaker

fixing a choice for quarter ¢ based on their uncertainty at the end of quarter ¢ — 1.

6.2 Results: Quantity-Setting Regimes Emerge When Inflation is
Volatile

We plot our calculation of A, in Figure 3. We show our overall calculation in black and each
component in colors. We shade periods which favor quantity-setting, or for which A, < 0.

Strikingly, both quantity- and price-setting are optimal at different points in the sample.
Thus, viewed through the lens of our model and its mapping to the data, firms may be either
price- or quantity-setters depending on the macroeconomic context. Moreover, through the
same lens, this evidence rules out the conventional assumption that firms always choose
prices or always choose quantities.

Price-setting is optimal in most of the sample, or 219 of 251 quarters. This notably
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Figure 4: The Relative Benefit of Price-Setting Under Alternative Parameters
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Note: Both panels plot our empirical estimate of A; defined in Proposition 1 (Equation 16) under
alternative assumptions for the elasticity of substitution n (left) and the micro-to-macro volatility
ratio R (right). In both plots, our baseline estimate corresponds to the solid black line.

comprises the 1960s and the Great Moderation, in which both inflation and demand variance
were relatively tame, and the Great Recession and onset of the Covid-19 Lockdown Recession
(Q2 2020), when demand variance abruptly spiked.

Quantity-setting is optimal intermittently between 1972 Q2 and 1981 Q2, for a total of
25 of the possible 37 quarters in this period, and continuously between 2021 Q2 and the
end of the sample. These all correspond to periods of particularly high contributions of the
terms corresponding to inflation variance and inflation-marginal-cost covariance. Through
the lens of the model, firms would prefer to set quantities in these periods to hedge against
the increase in uncertainty about joint movements in inflation and marginal costs. Our
calculation weighs this consideration against demand risk, which favors price-setting and
may also be elevated in times of (real) crisis. For example, in 1975 Q2 and 2021 Q1, demand
uncertainty is sufficiently high to outweigh elevated inflation and inflation-marginal-cost
uncertainty, and our calculation favors price-setting on net (A, > 0).

We finally note that the relative advantage of one method over another is always relatively
small in payoff terms. In our sample, this advantage peaks at 0.48% (0.0048 log points) in
Q3 of 2020. In all periods excluding Q2 and Q3 of 2020, the difference peaks at 0.16%. This
is a striking juxtaposition with the model prediction that a change in firm behavior between

price- and quantity-setting can have large effects on equilibrium outcomes.
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Robustness to Parameter Values and Measurement Strategies. Two parameters
that were central to our calculation, but difficult to pin down in the data, were the price
elasticity of demand (n = 9) and ratio of micro to macro volatility (R = 6.5). In Figure 4, we
plot the implied time series for A under specific alternative assumptions for each parameter.
In Appendix Figure 6, we vary both parameters continuously over a larger grid and plot
“heat maps” for the average value of A, and the percentage of the sample with A, > 0.

Decreasing the elasticity of demand favors price-setting, while increasing the elasticity
of demand favors quantity-setting (left panel). The primary reason, quantitatively, is that
highly inelastic demand curves amplify the effects of demand shocks on prices for fixed
quantities, and hence increase potential losses from quantity-setting. In the data, this further
pushes toward price-setting, especially in time periods with especially high demand volatility.

Increasing demand risk favors price-setting by construction (right panel). In particular,
increasing the extent of microeconomic volatility by 50% favors price-setting in all periods
(orange dotted line), while decreasing this parameter by 50% implies quantity-setting in a
majority of periods (blue dashed line). As noted by Bloom et al. (2018), calibrating this
parameter on the basis of observed variances in measured firm-level fundamentals requires
modeling choices. In particular, one must take a stand on what fraction of measured volatility
corresponds to measurement error and what fraction of volatility from an econometrician’s
perspective is unknown to firm managers, who likely have superior information.

As an alternative strategy to measure the contribution of idiosyncratic volatility, we can
use the direct measurements of Bloom et al. (2018) based on annual data from manufac-
turing establishments from 1972 to 2010, along with assumptions about measurement error
and observability of shocks. To accommodate this variant calculation, we re-estimate the
VAR(1) CCC GARCH(1,1) model on annual data for the same macro time series. We then
use the Bloom et al. (2018) estimates of the cross-sectional standard deviation of manufac-
turing TFPR along with those authors’ quantitative assumption that 45.4% of this measured
volatility (standard deviation) corresponds to measurement error. We make the intentionally
extreme assumption that all of this remaining variance is unforecastable by firms.® Appendix
Figure 7 shows our results. This calculation echoes the conclusion that the 1970s were fa-
vorable to quantity-setting due to the relatively high inflation volatility and relatively low

demand volatility.

Comparison to External Evidence. An alternative way to gauge the plausibility of
firms’ entertaining both price- and quantity-setting plans is via direct survey evidence. As
observed by Reis (2006), Aiginger (1999) collected data on this topic. In a survey of managers

of Austrian manufacturing firms, he asked: “What is your main strategic variable: do you

5This procedure implies a median R, of 24.2 over our sample.
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decide to produce a specific quantity, thereafter permitting demand to decide upon price
conditions, or do you set the price, with competitors and the market determining the quantity
sold?”” Among managers, 32% said that they use the quantity plan and 68% said that they
use price the price plan. We interpret this as additional evidence that neither price nor

quantity plans is obviously favored in practice.

7 Testing the Model: Asymmetric Effects of Monetary
Policy in Price and Quantity Regimes

Our model predicts that expansionary monetary shocks have muted effects on real output
and exaggerated effects on prices in a quantity-setting regime compared to a price-setting
regime (Corollary 1). The model also predicts that incentives for price-setting are shaped by
the volatility of macroeconomic and microeconomic aggregates in a specific way (Proposition
1 and Lemma 2). Crucially, both predictions rely purely on the premise of “choice of choices”
and not on specific parameter restrictions.® Thus, we can use them to derive an empirical
test of our model’s new substantive assumption.

In this final section, we provide suggestive evidence consistent with these predictions. In
particular, using local projection regressions, we find that output responds more negatively
and price respond less negatively to contractionary Romer and Romer (2004) monetary
policy shocks in price-setting regimes relative to quantity-setting regimes, measured using
the method of Section 6. Through the lens of our analysis, these results validate that regime

shifts between price and quantity-setting shape the transmission of economic shocks.

7.1 Methods

We measure monetary policy shocks using the methodology of Romer and Romer (2004).
These authors residualize changes in the Federal Funds Rate on the Federal Reserve’s macroe-
conomic projections reported in the Greenbook. Specifically, we use the updated series re-
ported in Ramey (2016) which spans March 1969 to December 2007. We aggregate these
shocks to a quarterly-frequency variable, MonShock; by summing. The key quantity-setting
regimes that overlap with the studied sample of Romer and Romer (2004) shocks are pri-
marily in the 1970s. We translate A, into a binary variable which proxies for whether the
economy lies in a price-setting regime, PriceSet; = 14,,,>0. In the model, this object deter-

mines whether decisionmakers who observe data before and during time ¢ would set prices

6By contrast, the sign of the differential response to productivity shocks in each regime (Corollary 2) does
depend on parameters.
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as their decision variable for period ¢ 4+ 1. This timing convention is appropriate since we
will focus on how macroeconomic aggregates at time ¢ + 1 and onward respond to shocks at

time ¢. Formally, Corollary 1 implies that the following relationships hold:
logY; = i/ I[A; > 0]log M; + &) (65)

log P, = log M; — XY I[A, > 0] log M, + ¢F (66)

where x4, > 0, x4, € (0,1), and A, log My, e} and e are independent random variables.

To estimate an empirical analog of these equations, we proxy for real output with real
GDP, the price level with the GDP deflator, and the money supply with the MonShock;. We
estimate the state-dependent response of outcomes Z; € {RealGDP;, GDPDeflator;} to the
variable MonShock; by running the following local projection regressions for each horizon
hed{l,... 12}:

Ziin = Bn - MonShock; + v, - PriceSet; + ¢y, - (MonShock; x PriceSet;) + 7' X; + ¢,

(67)
As control variables, we include the contemporaneous and lagged values of real GDP, GDP
deflator, and utilization-adjusted TFP, and interactions of all of these variables with PriceSet;.
Including the interaction variables is consistent with our model’s implications that the joint
dynamics of macroeconomic variables may change between the two regimes.® In all reported
results, we report frequentist confidence intervals based on Newey and West (1987) standard
errors with a six-quarter bandwidth.

The coefficients {3, }11, measure the response of output (or prices) to monetary shocks
in the quantity regime. We predict that 8, < 0 for both outcomes. The coefficients {¢y, },
measure the differential response of output (or prices) to monetary shocks in the price regime,
compared to the quantity regime. We predict that ¢, < 0 when real GDP is the outcome
and ¢, > 0 when the GDP deflator is the outcome.

"As observed by Ramey (2016), including contemporaneous values amounts to assuming a zero con-
temporaneous response of macroeconomic quantities to shocks on impact, as is typical in the structural
VAR literature (e.g., Christiano et al., 2005). This is also consistent with our conditioning on A;, which
is measurable in time-t macroeconomic aggregates. Results are very similar when we do not control for
contemporaneous values, suggesting that this timing assumption is close to correct in the data.

8Tenreyro and Thwaites (2016) make a similar observation about the necessity of these controls in a local-
projections estimation of whether monetary policy shocks, also measured as in Romer and Romer (2004),
have different effects in recessions.
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Figure 5: Choice of Choices Shapes Monetary Policy Transmission
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Note: These plots display our estimates of the state-dependent response to monetary policy shocks
from Equation 67. The outcome variable is real GDP in the top row and GDP deflator in the
bottom row. The columns respectively show our estimates of S, the response under quantity-
setting; B + ¢n, the response under price-setting; and ¢y, the difference between the price-setting
and quantity-setting responses. In each plot, the solid line gives the point estimates, the dark
shaded region gives 68% confidence intervals, and the light shaded region gives 95% confidence
intervals, where the latter two are based on Newey and West (1987) standard errors with a six-
quarter bandwidth.

7.2 Main Results: State-Dependent Effects on Output and Infla-
tion Line Up With the Theory

We show our results graphically in Figure 5. We first consider our results for output (top
row). We find on average a zero response to monetary shocks in quantity-setting regimes
(Bn, = 0; first column). This average zero response belies weak evidence of a negative
response at shorter horizons (h < 6) and a positive response at longer horizons (h € {7,8}).
By contrast, we find a consistently negative response under price-setting for all horizons
h > 4. This is statistically significant at the 68% level for h > 6 and at the 95% level
for h € {10,11}. The difference between these responses is also negative (¢ < 0) at these
longer horizons, and statistically significant at the 95% level for A > 7. These results, taken
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together, are consistent with our theory: in price-setting regimes, contractionary monetary
policy has considerably more power to shape real outcomes.

We next consider our results for prices (bottom row). We find a small negative response
in quantity-setting regimes (column 1) and a significant positive response in price-setting
regimes (column 2). The second prediction violates the theory in the direction of the fa-
miliar “price puzzle” (see, e.g., Ramey, 2016). But our prediction for the difference of
coefficients is consistent with the theory (¢, > 0, column 3): under quantity-setting regimes,

contractionary policy is more able to control the price level.

7.3 Interpretation and Discussion

Comparison to the Literature. An empirical literature draws a mixed conclusion on
whether monetary policy is more or less powerful in “downturns,” broadly defined. Weise
(1999) finds weaker price effects and stronger output effects when output is initially low;
Garcia and Schaller (2002) and Lo and Piger (2005) find stronger responses of output in
recessions; and Tenreyro and Thwaites (2016) find weaker responses of output and prices
in recessions. Our analysis differs both because (i) it conditions on a different variable,
the model’s prediction for whether firms set prices or quantities, which itself depends on
uncertainties rather than means; and (ii) it tests for differences in both the response of
output to monetary shocks and the response of prices to monetary shocks, as predicted by
the theory.

Lessons from History, and for the Present. Interpreting the historical data through
the lens of the model, these results suggest that monetary policy actions of a fized size may
have had greater effects on inflation in the 1970s and early 1980s, a quantity-setting regime,
than in other periods. This notably includes the first contractionary “Volcker shock” in 1979
Q3 as well as the expansionary shock in 1980 2, when rates surprisingly plummeted.

Although outside the scope of our empirical analysis, the fact that the Volcker Fed’s
conquering of US inflation corresponded with a transition to lower inflation variance and
a price-setting regime (Figure 3) would be consistent with the policy trade-offs that we
described in Section 5. In particular, a monetary rule that sought to induce price stability
(i.e., increasing a4 and leaning into productivity shocks) could have induced a regime switch
from quantity-setting to price-setting (as per Propositions 7 and 8) that led the monetary
contraction to have large contractionary effects on real output.

Moreover, the data suggest that the current post-Covid inflationary period favors quantity-
setting. Thus, our results suggest that current monetary policy, as in the 1970s, should be

especially able to control inflation with a limited trade-off of cooling output. This notwith-
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standing, our analysis emphasizes that policymakers need to proceed with moderation. An
overly strong accommodation of productivity shocks could induce a switch to price-setting,

forcing the policymaker to face the classic trade-off between price and output stabilization.

8 Conclusion

In this paper, we applied a classic mode of economic analysis—asking what choice variable is
optimal—to a new context: firms’ pricing and quantity-setting decisions in macroeconomic
models. We showed that the nature of firms” demand curves and uncertainty itself determine
whether price-setting or quantity-setting is optimal. We argue that our analysis has three
important implications.

First, as a matter of pure internal consistency, the modern paradigm of studying micro-
founded macroeconomic models with optimizing agents and rational expectations demands
that economic agents optimize over all relevant domains. The choice between price-setting
and quantity-setting is one such domain and, therefore, should be optimized by agents within
the model.

Second, our analysis suggests, theoretically and empirically, that macroeconomic dy-
namics are drastically different under price-setting and quantity-setting. In particular, in
the theory and the data, money has no real effects and highly inflationary effects under
quantity-setting, while money has real effects and muted inflationary effects under price-
setting.

Third, monetary stabilization policy encounters new trade-offs in the presence of agents’
endogenous price-setting or quantity-setting. As we show, monetary policies that stabilize
output under price-setting may run the risk of switching the economy into a more volatile
quantity-setting regime.

Our analysis is, however, by no means complete. Three particularly interesting avenues
for future theoretical research include: studying the general-equilibrium implications of price-
and quantity-setting in richer macroeconomic models; considering how this choice of choices
matters for optimal monetary and fiscal policy; and considering richer choices of choices for
firms that can do more than simply set prices or quantities (such as managing inventories or
engaging in different varieties of investment). Moreover, on the empirical side, our analysis is
suggestive of the importance of price- and quantity-setting as it verifies the predictions of the
theory, but it does not directly measure firms’ choices of choices. Directly asking firms about
their pricing and production strategies and what determines them could be an important
source of further tests and serve as input into positive and normative business-cycle analysis.

We leave these issues to subsequent research.
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Appendices

A Omitted Derivations and Proofs

A.1 Proof of Proposition 1
Proof. We systematically work through the derivations that underlie Equation 16. We first

derive the cost function c. By the first-order condition of Equation 5, we have that:

Pzi = )\Oéig (68)

i

where A is the Lagrange multiplier on the constraint. Multiplying both sides by z; and

summing, we obtain that:
N
c(¢;Pay©) = Y paitti = Aq (69)
i=1

Moreover, setting ¢ = 1, and substituting the first-order condition into the constraint, we

obtain that:
Ao T (B 70
(™) (70)

I
i=1
Thus, real marginal costs are given by M = P!\, as claimed in Equation 7.

To derive the optimal price, we take the first-order condition of Equation 8. This yields:
np” " E[AMP"] = (n - 1)p" "E [AP"'V] (71)

which rearranges to Equation 9. Substituting p* into Equation 8, we obtain Equation 10:

P_ r_ ry
VP —E A(P M)\IJ(P)

B i 1 n P n -n é-P -n
_E_A<FF<_P_M)W(F> (&) ]

() [H(E) - ()¢ )
(

7 - n pPl—mn .pn
n—l) (77—1 _1)€ ‘
1

-n
=— L) E[AMP"Y]'"E [AP" 0]
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where ¢F = E [AMP"¥] and ¢F = E[APT 1.
To derive the optimal quantity, we take the first-order condition of Equation 11. This
yields:

E[AM] = "T_lq*_}?E[A\p%] (73)

which rearranges to Equation 43. Substituting ¢* into Equation 11, we obtain Equation 13:
1
Q_ L N
v _E[A(<‘Il> M)q}
Q =N s eQ\ N
A ) (S &
n—1¢° n—1 e
=1 Q\ =7 Q\ —"
_ (" (& Q- & I (74)
n—1 n—11\¢% (@

_ L ()R [AM]' T E[ATH]"
n—1\n-1
where €9 = E [AM] and (9 = E[A\I/lr]
To find A, we first write 15 as:

A = n(log (" —1og¢?) — (n — 1)(log & — log &%) (75)

Thus, it suffices to compute (¢7,¢9, P £9). To this end, we first prove establish that
(¥, P,A, M) is log-normal. We assumed that (U, P,0, A, p,) is log-normal. Moreover, we
have that:
I I
logM = —log© + Z a;log p.i — Z a; log (76)
i=1 i=1
which is an affine combination of jointly normal random variables, and is therefore jointly

normal with (¥, P, A). Given log-normality of (¥, P, A, M), we may write:

2
log W J 0y Owvp OyA Oy M
2
log P N Hmp oyp Op Oppa OpM (77)
Y
2
log A A OwA  OpA Oy OAM
2

log M HMm Oy M OPM OAM  Op

O
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To compute the first term, the cost-hedging cost of prices, we compute:

log ¢F = log B [AMPM] = log E [exp{log A + log M + nlog P + log ¥'}]

1
= pa o+ pa e+ e+ g (0% + 03 +n°0p +03)
T OAM T NOAP + 0N T NOMmP + OMy + 10PW
and
log £¥ = log E[AM)] = log E[exp{log A + log M}]
_ 1 2 2
= fa vt g (o} + %) + Tam

Thus, the cost-hedging cost of prices is given by:

1
(n—1)(log&” —log&9) = (n— 1) [nup + po + 5 (1°oh + 03)

+NoAP T OAY +NOMP T OMy T N0Pw

To compute the revenue-hedging benefit of prices, we compute:

log P =logE [AP”_l\IJ} = log E[exp{log A + (n — 1) log P + log V'}]
1
= pa+ (= Dpp + po + 5 (04 + (= 1)°0p + 0y)
+(n—1)oap+orw+(n—1)opw

and
1 1
log (¢ =1logE [A\Iln} = logE {exp {logA—i— —log \IJH
n
n 1 n 1/, n 1, n 1
= — = — -0
KA ?7#\11 D) O\ 7720"1, : AT

Thus, the revenue-hedging benefit of prices is given by:

n(log ¢© —log¢?) =1 [(n — Dpp+ 2 =

-1

+(n—1oapr+ 1 onw + (n— 1)0p,\p]
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Taking the difference between the cost-hedging and revenue-hedging terms, we obtain Equa-
tion 16:

A= % l(n(n —1)*=n*(n—1)) op + (n (1 - %) —(n— 1)> U?p}
=1 =1ome =0 —1omw (84)
— % (77 ; 10?1, —n(n—1)op —2(n— Domw — 2n(n — 1)0M,P)

Completing the proof.

A.2 Proof of Lemma 1

Proof. We first derive Equation 30. From Equations 28 and 29, we obtain:

1 1 1
— 4+ OB, |C i —=— | =B +i)E, |CLl—— 85
v OB |G| = a0+ iE o (5
It follows that: . . . .
. _ 1t _
— = Bi,E, |C = C,7— 86
M, By t[ t+1Pt+1:| 144, t P, ( )

where the second equality uses Equation 29 once again. This rearranges to Equation 30.

We next derive Equation 33. Substituting equation 30 into Equation 29, we obtain:

1 + it 1 . 1 _'_ Z-t+1 1
—— =01+ )E [ , —] 87
i M, ( oJE: i1 My (87)
Dividing both sides by (1 + i;), multiplying by M;, and then adding one, we obtain:
141 141 M 141
—?_ oy BE, [ + fthl —t} =1+ BE, [exp{—u — aMeiw}Ml (88)
n b1 My b1

where the second equality exploits the fact that M; follows a random walk with drift. If we

guess that 7; is deterministic and define x; = 1;;”, then we obtain that:
Ty =1+ 02441 (89)
where: .
ot = Bexp{—p + 5012\/1,1‘,} (90)
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Solving this equation forward, we obtain that:

T—1 =
xp=1+0 Z H Opyj + 0y (H 5t+g> Ti4T+1 (91)

=1 j=1 J=1

Taking the limit T — oo, this becomes:

Ty = 1+ 515 Z H 5t+] + (515 hm (H 5t+j> Ti4+T+1 (92)

i=1 j=1

where the final term can be bounded using the fact that §; € [0, 5] (which itself follows from

the assumption that %0]2\/[775 < )

T—o0 !
J=1

T
0 <6, lim (H 5t+j) Tpyryr < Tlglgo B ey (93)

The household’s transversality condition ensures that this upper bound is zero. Formally,
the transversality condition (necessary for the optimality of the household’s choices) is that:

-

lim 67 S (My + (1+ir)By) = 0 (94)
T—o00 PT

Moreover, as By = 0 for all ¢t € N, this reduces to limp_, BTCPL:MT = 0. By Equation 86,

we have that ]@—’; = Clg: 7. Thus, the transversality condition reduces to limg_,o ST 27 = 0.

Combining this with Equation 93, we have that limp_, (H]T:1 5t+j) Terr+1 = 0. Equation
33 follows:
1+ Zt
1

=1+ Bexp{—nu+ UMt}ZHBeXp{ u+10Mt+J} (95)

=1 j=1
The formulae in Equation 35 then follow. In particular, ¥;; = ¢;;C} follows from comparing

Equations 2 and 34. P, = ——C; 7 M, follows from equation 30. A, = C; 7 is the households

1+
marginal utility from consumption. Finally, M;; = Z,:At H = t’tit follows from Equation
27.

[]
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A.3 Proof of Proposition 2

Proof. To work out the prices that firms set (Equation 37), we need to compute two objects
log Byt [t (zie Ar) "L P9 Cy] and log Eyy [C’tl M’Ptnflﬂit] For the first of these, we have:

log Eit [hit(ziAr) ~ P03y Cy]

(96)
= log E;; [exp {log ¢,y — log z;y — log A, + nlog P, + log ¥, + log C, }]

By Lemma 1, we have that:

-k

al + log M, — v log C, (97)

1
log P, = log —
0

Moreover, we have conjectured that:

log C = Xéj,t—1 + Xi,t—l log Ay + Xf/[,t—l log M, (98)
Thus, we can express:

log E;t [exp {log ¢t — log zi¢ — log At 4+ nlog P + log 944 + log Ct }]
14

Z‘*

=nlog

+ log E; [exp {log ¢i+ — log z;+ — log At + nlog My + log ¥4+ + (1 — ny) log Ct }]
sk

(]
+ (1= e-1 (99)

1
=nlog g

+log Eir [exp {log ¢ix — log 241 — log A¢ + nlog My + log it + (1 = 1) (X5 1 1og At + xFr, log M¢ ) }

+i*

1
=nlog + (L= mM)XE -1

i*

+ log E;¢ [exp {10g¢it —log zit + (1 = ny)xh o1 — Dlog At + (n+ (1 — 17)Xhr.¢—1) log M + log ¢ ]
As ¢y, zit, Vi, Ay, and M, are independent random variables, we can compute:

log B¢ [exp {log bit —log zit + (1 —ny)xh o1 — D log At + (n+ (1 — 17)Xhr,¢—1) log M + log ¢ ]
= logEj; [exp {log @it }] + log Eiy [exp {—log zi¢ }] + log Es¢ [exp {log ¥4¢}]
+ log E; [exp {((1 - n’y)xitil —1)log At}] + log E;¢ [exp {(77 +(1— 77'7)X§/[,t71) log Mt}]

1, 1, 1,
:H¢+§U¢,—#Z+EUZ+H§+§U§
A P A A P A (100)
+ i1 (L =nV)Xae—1 — Dsip + (1 — i ) (1 = n7)Xa -1 — Dz

1
+ 5((1 - 77’Y)X12,t71 - 1)2‘7,24\5,#1

+ &M+ (= mm)xire—1)si + (0= £ 0+ (1= n)xhre—1)hiits

1
+ 5(77 +(1- nV)XiI,t—l)QU?M\s
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Thus, we have that:

log Ej [(bit(zitAt)ilPtnﬁitCt] = a1 + btflsﬁ + Ct713£\f (101)
147" 1 1 1
a1 = nlog —— + (1 = 07)Xgum1 + Ho + 505 = 1= + 502 + o + 50,

+(1 - ’@?—1)((1 - 77’7))(,1:,15—1 - 1)#24—1

1
+ (= m)X ey = D70y + (L= ) 0+ (L= m)Xare-1 )y (10)
1
+ 5+ (1= m)Xa-1) 03,
b1 = H;il((l - nV)Xi,tfl —1)
co1 = &M+ (1= n7)Xare-1)
Moving to the second conditional expectation, we have that:
log Eiy [Ctlﬂpgiflﬁ“]
=logEi [exp {(1 — ) log Ct + (n — 1) log P, + log ¥t }]
=(n—1)log ! ;Z*
+ log By [exp {(1 =X -1+ (L= m)xh 1 log At + ((n -D+0- m)xﬁ,z_l) log M + 19“}]
14 P 1, (103)
= (n—1)log ——+ (L =17)X0,0-1 + 1o + 55
R it (U= R = e + 5 (= )P0
e (0= 1)+ (= m)xFrr) s+ (=) (0= D+ (0 =9k ) oty
+ % ((77 -+ (1= UW)Xff,t—l)z U?vus
Thus, we have that:
log E;; [C’tl_”Pf_lﬁit} =di_1 +e 155+ fr1sy (104)
where:
1+ 1
dir = (n—1)log —— + (1 = 0Y)Xgu1 + 1o + 507
1 2
+ (1= R ) (U= )Xt + 5 (1= 1) XA 1001
1 2
+ (1= rar) (0 = 1)+ (L= m)Xage-0) ity + 5 (0= 1) + (1= 1)Xa0e-1) " Ohags
er1 = K (1= 17X
fev=rar (0= 1) + (1 = 77)Xhr-1)
(105)
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Substituting back into the best reply, we have that:
log pix = ay—1 + 5157152% + & 15 (106)

where @,y = log ;"5 + a;-1 — di-1, b1 =bi 1 — €1, &1 = o1 — fr_1. Thus logpy is a
normal random variable. Under these normal best replies, the aggregate price level is given

by the ideal price index (Equation 38):

1
log P, = - log E; [exp {log ¥y + (1 — 1) log pit }]
1 ! 1 _p (107)
— 1 _ 1 (“19 + 50129) + Eq [log pit] + 5 V.[log pit

where E,[log pi] = di—1 + b1 A, + &1 M, and V,[log py] = 5?,103’14 + &_y02)y. Thus, we
have that:

1 1 ~ 1-— ~ 5 ~ ~
log Pt = — (Mﬁ + —0'129) + Ai—q —+ Tn <b?—10-§,,4 —+ C?_IO'E’M> —+ bt—l 10g At + Ct—1 10g Mt

1—n 2
(108)
This in turn, by Equation 30, implies that:
1 14 1 1
log Cy = ——log %,_l — —log P, + — log M,
8 v 8 8
1 144" 1 1 . 1—n /- .
= (log R p— (Nﬂ + 5039) o+ (B0t + c?_laiM))
1- 1 -
— _bt—l IOg At -+ —(]_ — Ct—l) 10g Mt
Y Y
(109)

Thus, we have a unique solution to the original conjecture, with:

1 144" 1 1 - 1-— ~ N
th_l = —; (log - + (Mﬁ + —0129) + a1 + Tﬁ (b?_ﬂg,A + C?—IOE,M>)

v* 1—n 2
Xﬁ,tq = _%Bt—l = %@41
Ve = (1= G1) = ~(1= )
(110)
Completing the proof. O
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A.4 Proof of Proposition 3

Proof. The overall level of consumption in the economy is given by

Cy = {/ﬁft%tn} 7 (111)

We guess that conditional on the realizations of A and M, the g;; are distributed according
to a log-normal random variable. This will be confirmed under our log-linear guess for

consumption later. This implies that we may write:

In—1 2
log Cy = Ellog ¢i¢] + il Var | log ¢;+ + (L) — log (112)
2 7 n—1) n

where the expectation and variance are over the cross-sectional distribution of the ¢;’s.

Recall that log g;; is given by:

- 1
log qit = —n {log (%) +log Ky [¢it(zitAt) 1] — Ey {?9;]:@ ! n” (113)
We guess that

log Cy = X6Q7t—1 + thfl log A; + X?\Q“fl log M, (114)

We proceed by substituting our guess into (113). To ease notation, define d,, (, as the
precision of the prior and the signal at time ¢ corresponding to variable z, respectively.
Further, let u, denote the prior mean of variable = at time ¢. We simplify (113) term by

term to obtain the following:

Ca A oA
S;¢ + HnA
Catda ™ Catda

ove 3 = (1 1)@ @ (4t A A, 04
log By [97C7 0] = v+ e R (v ) (G gt

1 2 1) 2 1 1 _
+ - (X%t,l) (—’Y + 5) (Ca+06a)" 1+ E#ﬂ + w(%) ! (115)

1 1
log Eq¢ [¢it(zitAt)71} =—pz + g + —(6.)"t + 5(%)71 - (

1 1
2 )+5(CA+5A)

2
1 ¢ 5 )
Q M M M
+ -y + - S; +
Xa,e-1 ( 7 77) (CM +om T G+ oum K

1 2 1\?
Q -1
+ 3 (XM,t—1) <—’Y + %) (Car +0r)

we can now collect terms after observing that E[s#] = A, and E[s}] = M, where the

expectation is again over i. Collecting all terms for A; and equating coefficients yields:
At = : 1 ) ( - ) A ]
= + |- — _ 116
XAt—1 =1 {(CA—HSA) (77 Y Ca+ 0 XAt—1 (116)
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for which we obtain )

Catda (1) _ 1
¢a (n) n+7

which is exactly the equation in the main text after substituting 64 = agifl and (4 =

(117)

Q _
XAt-1~=

(UA) - Similarly, we may collect all terms on M, to obtain:

1 Ca
Q _ - Q
Xmi—1 =1 (77 7) (CA n 5,4) XMt—1 (118)

for which we obtain X%,tq = 0. Note further that all other terms only depend on ¢t — 1

through 04. This verifies our conjecture that consumption is log-normal in aggregates as
well as our conjecture that quantities are distributed log-normally across firms (conditional
on A; and M,;). In order to obtain the expression for the price level, note that (35) implies
that

» %k

?

log P, = log 57 ~vlog C; 4 log M, (119)
i
And therefore we have
log P, = y(log k — log Xo4-1) — 7x3,_; log A, + (1 - 7X?/[,t—1> log M, (120)
The result follows. O
A.5 Proof of Lemma 2
Proof. From Proposition 1, we have that:
1 1, 9
A= 5(77 - 1) 50\1, —N0p — 200 pm — 200 p pm (121)
Moreover, applying Lemma 1, we have that:
oy =05+ 08 (122)
op =0l + o8 — 2700 (123)
0w, M :’}/0%—007,4 (124)
Op,M I”)/UC,A—’}/QUé—l-’}/O'C’M (125)
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Substituting these formulae, we obtain Equation 49:

1 1 1
A= 5(7} —1) (50?9 + p (1—n)* 02 — oty +2(1 — 777)00,4) (126)

Moreover, applying Propositions 2 and 3, we have that these variances for the firm in each

of the price-setting and quantity-setting regimes are given by:

P P P
Uét 1 _XA2t 1C7A|st 1+XM20-§/[|5 (127)
P P
0c,At—1 — XA,t—10-124|s,t—1 (128)
2
UC’% 1 _XAt 10-124|st 1 (129)
Ug,A,t—1 = XA,t—10-124|s,t—1 (130)

Thus, if all other firms set quantities:

1 1 1
AP = 5 =1) (50’5 — 0.+ (5(1 — XS 2> (1- m)xf,t_mis,t_1> (131)

And if all other firms set prices:

1 1 1 )
Al = 5 =1) (5% + (—77 + 5(1 — m)zxﬁ) Ol
(132)
1
+ (;](1 — )X + 2) (1- nv)xi,tlai|s,t1>

Substituting coefficients and exploiting the fact that the conditional variances are given by

M

2 _ A 2 2 2 .
OAlst—1 = Ft-194s and Oppjs = K Ohper WE obtain:

1 1
AP = 5(77 —-1) <;% NEmOa s

1 y ) (133)
NKi—1 NKi—1 A2
+ (= (1—ny —1—2) 1—ny) Ry 10%
(30 - M= +2) -k
1 1 1 1— &M\
AP =Z-(n—1)| =02 + —7]+—1—7]72< ) Mol
P ><n§ (- (2 i
) (134)
t—

1 K KA
+(—(1—ny +2) 1—ny el A ‘723
(n( ) S ( ) U SLE
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yielding the claimed expressions. O]

A.6 Proof of Proposition 4

Proof. Define AA, = AP — A? and observe that:

1 1 1— kM\?
ANy =—-(n—1 —1—7]72( )IiMO'2S
0 =501 [n( ) - M,
(135)
1 2 2
# (2= m (i - ) +20 - e %) o]

First, when ny = 1, we have that AA; = 0. Second, suppose that ny < 1. We observe that
the first term in brackets is strictly positive. Turning to the second term, as ny < 1, we have

that AA; > 0 if and only if Xi,t—l > X§7t_1. This inequality is equivalent to:

A A
Ki_1 UL

> 136
v T 1=k (1 —ny) (136)

Asny < land 1, € (0,1), we have that the denominator on the right-hand side is positive.

Thus, we can re-express this required inequality as:

L—ny >k (1—n) (137)

which is true as 7y < 1 and 1| € (0,1). Thus, AA; > 0 when 1y < 1. Third, suppose that
17y > 1. Once again, the first term in brackets is strictly positive. Thus, it suffices to show

that: .
2 2
L= m)? (W = xS ) + 20 =m0 = xem) > 0 (138)

See that we can factor the left-hand side of this expression as:
P Q 1 P Q
(1 =m7) (X1 — XA1) 5(1 =) (Xa1 + XAe1) +2 (139)

By the reverse of the logic in part two, we have that Xi,t—l < th_l. Thus, the expression

in question is strictly positive if and only if:

1
2> 5(777 — D+ x3e) (140)
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We now observe that x% , | + th_l < 2\9 ,_1- Moreover, x4 ,_1 Is an increasing function

of k| and is therefore bounded above by # = %y Thus, we have that:
2

1 9
Sy =D xS < —(y—1)=2-— <2 (141)
7 At—1 At—1 " 777

This establishes that AA; > 0 if »y > 1. Taken together, we have shown that AA; > 0 and
AA; > 0 if and only if ny # 1, establishing the claim. [

A.7 Proof of Corollary 3

Proof. We have shown that AP > A?. There are two possible cases. First, suppose that
A? > 0. In this case, A > 0 and there exists a price-setting equilibrium. Second, suppose
that AtQ < 0. In this case, a quantity-setting equilibrium exists. Thus, there always exists a

price-setting equilibrium and/or a quantity-setting equilibrium. O

A.8 Proof of Proposition 5
Proof. We proof the claims in each case.

1. 7y = 1. By Lemma 2, we have that A® = A?(0) and AP = AQ(0), which are both
independent of k7 .

2. ny < 1. By Lemma 2, we have that AtQ is strictly increasing in x7* | if and only if

/iAl 2
(%(1—777) ”/ﬂ )

1 — ki (1 =mny)

A
;7 t( 3+ 2) (1—17) (142)

77“2471
1- “2471(1*77’7)
strictly positive, we have that the term in parentheses is strictly positive and strictly

A

is strictly increasing in kM. Asny < 1 and is strictly increasing in x;. ; and

increasing. The term outside parentheses is strictly increasing and strictly positive for

the same reasons. Moreover, AL is strictly increasing in x| if and only if;

2

1 ki (H?_l)

S-Sy 1) (143)
(77 v v
is strictly increasing in k7' ;. As 1y < 1, this is immediate.

As A? and AT are strictly increasing, they either have a unique interior root or no
interior roots. A? has a unique interior root if and only if A?(0) < 0 and A®(1) > 1.
In this case, let R’é € (0,1) be the unique interior root. If A?(0) > 0, then let Ré =0,

and if A?(1) < 0, then let Rg = 1. AP has a unique interior root if and only if
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AF(0) < 0 and AP(1) > 1. In this case, let &5 € (0,1) be the unique interior root. If
AF(0) > 0, then let k% = 0, and if AP(1) <0, then let &% = 1. By Proposition 4, we
have that Af > A? , which establishes that R’é < Foﬁ.

.y > 1. By Lemma 2, we have that A? is strictly decreasing in x*, if and only if
Expression 142 is strictly decreasing in k7' ;. Define w = 1 — 1y and observe that we

need to show that:

A A )2
Why_y w (ki)
—_ 4+ 2| —— 144
(1 — wm;“_l + ) 1— w/-if_l (144)

is a strictly decreasing function of 1 ;. Taking the derivative of this expression and

rearranging, we require that:
WL (W2 (“?71)2 — 3wkl + 4) <0 (145)

As w < 0, we require that w? (mfflf — 3wk | +4 > 0. This is positive if the quadratic
on the left-hand side has no real roots. As 9w? — 16w? < 0, the quadratic indeed has
no real roots and so AtQ is strictly decreasing in k! .

AP is strictly decreasing in 7 | if and only:

w w 2
(1 wmﬁl +2) — (kity) (146)

is strictly decreasing in x* ;. Taking the derivative of this expression and rearranging,
we require that:

-z - 147
Ri—1 3 w (147)

which is always satisfied as w < 0. As A? and Al are strictly decreasing, the same

steps as the strictly increasing case establish the result.

A.9 Proof of Proposition 6

Proof. We first begin by showing that the interest rate is constant under this new monetary

rule. Note that the logarithm of money in first differences is a normal random variable with

par + cafia (148)

and variance

oo + o2, (149)
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We can therefore apply the analysis in 4.1 to obtain:

1
1+Z’*:B—1exp{,uM+OéAMA_§(06240%"‘031)} (150)

Noting that the interest rate is independent of A; and m;, we guess that prices across firms

are log-normally distributed across ¢. This implies that we may write

— 1

(1
We also guess that the aggregate price level is log-linear in productivity and the money
shock:

log P, = log x0.—1 + x1 log A; + x2 log my (152)

Recall that p;; is given by

logpit = log /’7 i 1 + log Eit[qbit(zitAt)_anCﬁit] — log ]Ez‘t[cl_’ypn_lﬁit] (153)

We simplify each term individually. We first make use of the relationship between consump-
tion and real money balances derived in Lemma 1, the equation for the monetary policy rule
(52), and the law of motion for the aggregate price level (152) to simplify the first expectation

term:

Eit [gbit(zitAt)_lP”Cﬁit] = ]Eit ¢it(zit)—1xgi§AX1(n—%)+aTA—1mX2<n—%)+on19it ( ‘ >’Y

141

(154)
Simplifying this expression yields a constant independent of ¢ and two terms involving i-

specific signals. We list them separately. The constant is given by:

1 1 1
— = )logxo+ pp — pe+ o+ 5 (03 + 02+ 0 —1 4 +3 L og 1
(n 7) X0+t = s+ iy + 5 (0 )+ 08 1y o pu g M4

1 Qg 0, 1 1 QA 2 040 s
+ e - | [ T = e R |
|:X1 <77 7) ~ :| 0_22_'_0_;25,“14 9 X1\ M v v 0_1244_0_12473

i 1 +0'm 1 +1 1 _}_O—m2 0-72)1,3
e\ N T AN e vl 1402

(155)
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The i-specific terms are given by:

1 A 0-;23 A 1 Om 0-;L2s
D)2 A A —— |+ = —==—3 156
[Xl (" 7) v } oo " 2\ Y v 1+0.27" (156)

We may simplify the second expectation term in a similar fashion and collect the constants

and ¢-independent terms separately. We begin with the constant:

1 1 1 ‘ 1 1
== )logxo+ o+ 502+ (= = 1) =+ (= = 1) par + (= — 1) log M,
o 2 o I+1 o v

1 2 1 1 > o%od,
+ | (aa — x1) ;—1 +x1(n—1) mﬂA+§ (@4 —x1) ;—1 +x1(n—1)

2 2
04+ 04

e v e () o]

1+0.% 2 1+02,
(157)
The i-specific terms are given by
1 Ohs o4 1 T
s — S ) =1 =2 sA (o — 1) ey — 1) s gm
{( a4—x1) (7 ) x1(n )} P i {( X2) (,y ) Xa(n )} T 0.2
(158)
Collecting all terms with s# from both expressions, noting that E[s] = A; (where the

expectation is over i), and equating coefficients with (152) yields the following equation for

X1:

1 QA 0;25 |: 1 0_225
X1= [x1|{n— = +——1}_—’_— (a=x) (= —1)+xin—1| "=
[ ( ’Y) v UA2+UA,25 Y UA2+UA,25
which we may solve to obtain

OéA—l

X1 = = (aa — 1r* (160)

2

g
1+ 5

%A

Repeating the steps above yields the following equation for ys

X2 = {m (77— %) + U—m} s [(U—)@) (% - 1) + x2(n — 1)] s (161)

v 1+onk 1+ 0.2
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which we may solve to obtain

X2 = OmKm (162)
By Lemma 1, the coefficient on A; for consumption is given by

%m ) = % (aa(l = a) + 7)) (163)

while the coefficient on the monetary shock is given by

1
;am(l — Km) (164)

Finally, in order to obtain the coefficients on output, we can proceed exactly as in Appendix
A .4, where we instead assume that consumption is log-linear in the monetary shock my
instead of M;. Because m; does not appear in (43), the coefficient X?Lt—l continues to be
zero, while the coefficient Xg,t—l remains the same. The coefficients on the evolution for the

aggregate price level can then be found using Lemma 1. The proof follows. O

A.10 Proof of Proposition 7

Proof. From Proposition 1, we have that:

1 1
A = 5(77 —1) (50\21, — 0P — 209 M — 2nap,M) (165)

Moreover, applying Lemma 1, we have that:

oy =05+ 08 (166)

0% =708 + o3 — 2v00um (167)

Oy, M :’}/Ué—UQA (168)

OPM =00A — V08 + Y00 — Tam (169)

Substituting these formulae, we obtain:

1

1 1
A=gn-1) <50§ 5 (1 —ny)? 0% —noty +2(1 —y)oca + 2naA,M> (170)
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A 2 A

Now o4 = aar O'A by assumption and 0%, = a% k" 0% st k"or, o Thus, we have that:

1 1 1
A= 5(77—1) (50129 - 5 (1—ny)? 0% —n (aiﬁ;Aais — QCXAI{AUAS + K"o?, ) +2(1 - 777)00,4)
(171)
By Proposition 6, 0% and o¢ 4 do not depend on ay4. Thus,
/AN
Ban —n(n — Dr'ol, (a—1) (172)

which is strictly positive when a4 < 1 and strictly negative when a4 > 1. Moreover,
22A%
0a?
formula, A9(a4) > A%(0) if and only if aa € (0,2). O

= —n(n — 1)/{’403,,5 < 0, so A% is strictly concave in as. Moreover, inspecting the

A.11 Proof of Proposition 8

Proof. By Proposition 7, we have that:

1 1 1
AP = 5 =1) (77 %t (1 —ny)? 02 —n (adrro?, — 20ak?0%  + K702, ,) +2(1 — m)UCA>

(173)
Moreover, by Proposition 6, in a price-setting regime we have that:
as(l— kA +I€A2 1— k™)
ol = (ca 2) ) k0%, + A=) /; ) k™o (174)
Y ’ Y ’
1— A A
ooa= AT a2 (175)

~
We now need to determine the behavior of A (a). Combining Equations 173 and 174, we

obtain:

AP(aA):cons.qL%n(n )k O'AS< [(1_77’)’) (1_,@‘)2_1] o2

m
(YA)

(176)
+ 2

1— 2 1—
( 777) (1—I{A)/€A—|- 777(1—/@4)%—1
ny ny

where cons. is independent of ay.
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The linear part of A” is increasing when:

1—n7\> 1—
( 777) (1— k)it — 11—k +1>0 (177)
m m

When 7y < 1, all terms on the left-hand side are positive and the inequality holds. When
17y > 1, we require that:

1\’ ~1
(777 ) (1—ka)ha+1> 21— ky) (178)
ny ny

The first term on the left-hand side is strictly positive. Moreover, the term on the right-
hand side is strictly less than one as ’777—;1 € (0,1) (because iy > 1) and x* € (0,1). Hence,
AP'(0) > 0, as we have claimed.

Moreover, A is a concave function whenever:

(1 ;;”)2 (1-ra)?<1 (179)

When 7y > 1, this is always satisfied as k* € (0,1). When 7y < 1, this is satisfied whenever:

ny > ;:’Zi € (0,1). Moreover, when A” is concave, we have that A" is increasing up until

a*, where o solves:

CR
(180)

Rearranging yields Equation 58. In the convex case, A is increasing after o* and decreasing

before a*. O

1—n7\> 1—
+ ( m) (1 — Ka)ka + 777"7(1—@)“ ~0

my

A.12 Proof of Proposition 9

Proof. Suppose that
log Gy = X0 + x1log A + x2 log my (181)

We may use Equation (171) to express A as a function of y; and xo:
1 L, 1 2. 2 m_2 1 A2
A=gn—=1) {505+ 5(1 =) xe —n | Koy, .+ 5(1 —ny)x1+2 ) (L =ny)xak o

1
+

5(77 — 1) ((2 = aa)aanracy )
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We can therefore right A” — A? as

1 1 m 1

5(1=1) <5(1 =m0 R+ (=) (62 = @) mod 4+ 200 = ) (= x?)mai,s)
where Xf and X?, j € {1,2} denote the dynamics of the economy in Proposition 6, under

price-setting and quantity-setting, respectively. We now derive sufficient conditions for A¥ —
A® > 0. Note that this is always true if ny < 1 and ¥ > X?- This is true if and only if

A
1
ar > (ny—1)

IR S /) (182)

where it easily verified the above fraction is negative whenever v < 1 and can take on any
value strictly less than zero. Moreover, when 7y > 1, A” — A9 > 0 if \7 > X?- This is true
if and only if
A
—1
as < — (T ) (183)
1= kAL =)

where it is easily verified that the above fraction is between zero and one if 7y > 1. Finally,

the limiting result follows by noting that A” —A® is quadratic in a4 with a positive coefficient

on the quadratic term. O
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B Supplemental Tables and Figures

Figure 6: The Relative Benefit of Price-Setting in an Alternative, Annual Calculation

Average Price-Setting Advantage Fraction of Years
(percent profit improvement) Favoring Price-Setting
1.5 1.0
;3 1.0 0.8
g 0.5 l
= 0.6
et ~ 10 0.0 |
= 0.4
° ° —0.5
= 5
= -1.0 0.2
0 T T —1.5 0.0
) 10 15 ) 10 15
n: Elasticity of Demand n: Elasticity of Demand

Note: This figure summarizes the relative advantage of price-setting for alternative values of the
elasticity of demand (horizontal axis) and the ratio of microeconomic to macroeconomic volatility
(vertical axis). The left panel plots the average advantage of price-setting over the sample, in units
of 100 times log points (percent). The right panel plots the fraction of the sample in which price
setting is optimal, or in which A; > 0. In both panels, our baseline calibration is indicated with a
solid dot.
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Figure 7: The Relative Benefit of Price-Setting in an Alternative, Annual Calculation

10 H -~

Total:
A=A1+Ax+ Az + Ay
Demand:

T a- g

Inflation:

Ay =—1n(n—1)0%
Demand/MC:

Az =—(n—1ow,m
Inflation/MC:

Ay =-—n(n—1)opm
Quantity-Setting Regimes

(percent profit improvement)

Ay, Advantage of Price Setting

|
—_
s}
1

T T T
1980 1990 2000 2010
Year

Note: This figure plots our empirical estimate of A, (the comparative advantage of price-setting
relative to quantity-setting) and its components, as defined in Proposition 1 (Equation 16), under a
variant method with annual-frequency data and direct measurement of micro volatility from Bloom
et al. (2018). Note that the time period (1972-2010) and time frequency (annual) differs from that
in Figures 3 and 4 (quarterly, 1960 Q1 to 2022 Q4). The black line plots At, in units of expected
percent profit improvement (100 times log points). The blue (dashed), orange (dotted), green
(dashed), and red (dash-dotted) lines plot each of the four components of A, corresponding to
uncertainty about different variables. The grey shading denotes periods in which Ay < 0 and thus,
according to Proposition 1, quantity-setting is optimal for firms. As described in Section 6.1, the
calculation uses estimates of time-varying volatilities from an annual-frequency CCC GARCH(1,1)
model and a calibrated elasticity of demand n =9
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C Additional Theoretical Results

C.1 Decreasing Returns-To-Scale and Labor Disutility

This section characterizes the economy under general, iso-elastic decreasing returns to scale
technology, and general Frisch elasticities for the labor supply.

Preferences are now given by:

1—v 1+
Zﬂt<c tin ——/%N )] (184)

and production features decreasing returns-to-scale:

Eo

Ty = 2y Ay Lg (185)

so the benchmark case is nested when o = 1 and ¢y = 0. We solve the equilibrium fixed
point problem under this more general specification. To this end, note that the wage schedule

facing a firm is

wy = ¢y B,CYLY (186)

we may also relate quantities to labour-hiring as follows

Tt «
(ZitAt> " ( 87)

Quantity Setting. We first derive the dynamics of the economy under a quantity setting

regime. To this end, a firm that sets quantities faces the following problem:

(g T g\
—_t ’ I . ¢
Pt (ﬁztct) Ptqn PtCt ¢lt <Zz‘t 1t> (188)

The optimal quantity set by firms is therefore given by:

log git = ——— ¥ f;(l —a) [log (%) ! (E [@t (zitAtY%D ! (E Picwi@)}

Our solution strategy is identical to the one in the main text: we conjecture a log-linear

max [E;;
qit

solution for aggregate consumption (42), which we use to obtain a log-linear expression for
¢ir in terms of aggregates. We then substitute this expression into the consumption index (18)

and solve the fixed point. We may then obtain the following characterization of aggregate
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consumption and the price level in a quantity setting regime.

Proposition 10. If all firms set quantities, output in the unique log-linear temporary equi-

librium s given by:

n + 1)k,
N1+ —a)+a(l -k (1-n7)

log C; = th_l + log A, (190)

where and X(?,t—l 18 a constant that depends only on parameters and past shocks to the econ-

omy. The aggregate price level follows:

(Y + 1)kit,
n(l+v—a)+a(l—rt(1-m))

lOg ]Dt = )Zg%t_l + lOg At + lOg Mt+1 (191)

where X(Cit—l and )~(0Q’t_1 are constants that depend only on parameters and past shocks to the

economy.

Note that setting ¢» = 0 and o = 1 yields the result in the main text. We note how the
presence of more general forms of labor disutility and decreasing returns to scale change the
responsiveness of consumption to output. First, it is straightforward to see that ngt_l is

globally increasing in 1 for all parameter values, and that

wlgrolo log Cy = Kt (192)
Hence, the presence of ¢ can increase the response of consumption to productivity shocks
(relative to the baseline case) if and only if v > 1. This is because large values for ¢ effectively
eliminate wealth effects on the choice of labour, thereby making log C; independent of ~.
The effect of o on ch,t_l is more nuanced. If k7 | is sufficiently low, increasing « raises
the responsiveness of consumption to productivity shocks. This captures the standard effect
of reducing the concavity inherent in the production function. If x| is large and v > 1,
Xg,t—l decreases. For large values of v and signal-to-noise ratios, firms respond to positive
signals about productivity by increasing their demand for labor, on average. This increased
demand pushes up wages through wealth effects, which has a counteracting force on firm
demand in general-equilibrium. This “negative” demand component increases faster than
the direct, partial-equilibrium effect with respect to a when labour is sufficiently responsive

to wages (i.e. v > 1).
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Price Setting. We now turn our attention to the firm’s problem under a price-setting

regime. Under price-setting, the firms solve:

c it \ P - 2t A =
t it it it
Pit—p ((P) Gt — dubiCy (H) <19it0t) )] (193)

The optimal price set by firms is therefore given by:

o n(y + 1)
a+n(l+¢—a) [logo«(n— )

maxIE;
Pit

1+¢

+ log Eyy {@-t ((zA)) ™" P9, Cy) } —log Ey[C} 7 P 0y]
(194)

log pix =

We may solve for the fixed point as above. This yields the following proposition.

Proposition 11. The aggregate price level in the unique log-linear equilibrium is given by

log P = 108 X,—1 + X441 108 A¢ + Xiyp,—1 log M, (195)

where

—(1+9)r,
(a+nl+v—a) = (n=1) 1+ -,

L1419 —a(l —7))sM

X1 = (196)

Xl]\‘;l,tfl = . (197)
(a+n(1+v—a)=(n=1) 1+ —ap¥
and aggregate consumption follows
~P L p 1 P
log Ct = Xo4-1 — ;XA,t—l log Ay + ;(1 — Xar—1) log M, (198)

Note again that letting vy = 0 and a = 1 yields the corresponding proposition in the main
text. An interesting observation is that, under price setting, increasing i) makes the price
level more responsive to money. High values of v increase the responsiveness of marginal
costs to aggregate demand, thereby inducing firms to increase their prices further in response

to perceived changes in aggregate demand conditions.
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C.2 Adjustment Costs

Suppose that the firm is subject to adjustment costs in prices and quantities of the form

dpVlogp] and dgV([log g]. For any fixed ¢, price adjustment costs are:

1 1 1 2
C% = §pV[—=logq +log P + —log V] = dp(0% + —20\21, + —0opy) (199)
n U] n n
For any fixed p, quantity adjustment costs are:
CP = 5gV[-nlogp + log ¥ + nlog P] = 6g(c3 + n*cp + 2now p) (200)
Thus: 5 5 ) )
C9—-CP=(1- 209 = (1 - 20?)op(0b + —0% + ~opy) (201)
op op n n
or: . |
OQ — CP = (E(SP — 775Q) (50% + 770'?3 + 2013,\1;) (202)

Prices are preferred to quantities if and only if V¥ — V@ > CP — C%?. When §p = 1?dq, this
reduces to main analysis. Otherwise, we have that V' — V@ = (exp{A} — 1)V%. So, we can

write the condition as:
0 1 1, 9
(exp{A} — 1) Vv Z 7](5@ — 5(51) (50'\1, + nop + 20']37\1/) (203)

We also know that:

1 n o\ " _ 1
Q- —— (L) E[AM]"TE[ATA]" 204
ve- (1) Bl EA (204)
1
log E[AM] = log E[exp{log A + log M}] = pp + pir + 5 (0% +0%4) + oam (205)
' 1 1 1/, 1 ,\ 1
log E [A\IIW} =logE |exp < log A + Elog\II = ,uA+5u\1,+§ oy + ?0\1, +50A,\1, (206)

Thus:

1 K 1 1
Ve=— (%) exp {MA + (L =npm+pe + 3 <Ui + (1 —n)oi, + ﬁaé + (L= mn)oam+ O—M,) }
(207)
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So we require that:

(775@ — %(513) (%O}% + 7]0'123 + 20'p7\1/)
exp{A}—-1>

=1

et (#) exp {MA + (L= npp + po + 5 (012\ + (1 =n)oiy+ 305 + (L—n)oam + UA,\P>
(208)

When A is small, we also know the LHS is approximately A. So, approximately:

1 1, 9
5(77 —1) 5% —N0p — 200 M — 20 p M

<775Q - %513) (508 +10p + 20p.0)

>
= -7
= (nj—_l> exp {NA + (L= n)pm + pa + 3 <0'% + (L= mody + 305 + (L= moam + UA"I’>}
(209)

C.3 Mixed Equilibria

We may also consider “mixed” regimes, in which a fraction A\; € (0,1) of firms set prices at

time t. We first expand our definition of a temporary equilibrium to allow for mixing.

Definition 3 (Temporary Equilibrium with Mixing). A temporary equilibrium is a partition
of N into three sets T¥, T, and TF? and a collection of variables

{{pit, it, Cit, Nit, Lig, Wie, Git, Vit 2ie, Hit}ie[o,l}a Cy, Py, My, Ay, By, Ny, Ay, >\t} (210)

teN
such that:

1. In periods t € T, all firms choose their prices p; to maximize expected real profits
under the household’s real stochastic discount factor.

2. In periods t € T?, all firms choose their quantities q; to maximize expected real profits
under the household’s real stochastic discount factor.

3. In periodst € TP a fraction \; of firms choose prices py and a fraction (1—\;) choose
quantities q; to mazimize expected real profits under the households’ real stochastic
discount factor.

4. In all periods, the household chooses consumption Cy, labor supply N;;, money holdings
M, and bond holdings B; to maximize their expected utility subject to their lifetime
budget constraint, while A, is the household’s marginal utility of consumption.

5. In all periods, money supply M; and productivity A; and evolve exogenously via Fqua-
tions 21 and 25.
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6. In all periods, firms” and consumers’ expectations are consistent with the equilibrium
law of motion.
7. In all periods, the markets for the intermediate goods, final good, labor varieties, bonds,

and money balances all clear.

As in the main text, we define an equilibrium as a temporary equilibrium in which the
choice of setting prices or quantities is optimal. In the case where there is mixing, firms are

indifferent between price or quantity-setting.

Definition 4 (Equilibrium with Mixing). An equilibrium is a temporary equilibrium in

which:

1. If t € TF, all firms find price-setting optimal. That is, expected real profits under the
household’s real stochastic discount factor are weakly higher under price-setting than
quantity-setting.

2. Ift € T9, all firms find quantity-setting optimal. That is, expected real profits under
the household’s real stochastic discount factor are weakly higher under price-setting
than quantity-setting.

3. Ift € TF? firms are indifferent between price or quantity-setting.

The presence of mixing complicates the equilibrium characterization because it generally
leads to a solution for aggregate consumption that is not log-linear in aggregates, thereby
making it difficult to characterize in closed form. We address this challenge by taking a
log-linear approximation of the aggregate price level (19) around a zero innovation limit at
t — 1, which we denote by Ptf_" 1”. Approximating (19) in this way yields the following, to
first-order in the shocks A; and M;:

log P, = Pflll + ME [log pit|price setting] + (1 — A E [log pi|quantity setting] (211)

where the expectations are over the cross-sectional distribution of firms, conditional on their
choice to set prices or quantities. Crucially, we still allow firms best responses to be fully
non-linear. This feature implies that our approximate formulas for the dynamics of the
economy under mixing will exactly equal our fully non-linear characterization in the main
text whenever \; = 0 or \, = 1. The following proposition characterizes the dynamics of
the economy in the unique log-linear approximate equilibrium for A; € [0, 1]. We present the
proposition under the conditions that permit active monetary policy (outlined in Section 5),
and only note that the special case of oy = 0 can also encompass time-varying volatility in

output.
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Proposition 12. Equilibrium prices and consumption in a mized regime are given by the

following expressions, to first-order:

log P, = X(Iifg_l + Xi?_l()\t) log A; + Xi?_l()\t) log M; (212)
_.ro _ 1 P 1 PQ
log Cy = Xo, 1 — ;XA,t—l(/\t) log A; + % 1= Xari-1(Ae) ) log M, (213)
where
Aag—1)—(1 =) 41
oy = T lea = D) — (1= Ao (<" —1) (214)
ny— (1 =XM) (ny—1) (1 — k%)
Q) = A 4 A=A (7 by = DAL (215)
mAc+ (1= A) (5™ (ny — 1) + 1)
Proof. See Appendix D.1. n

It is straightforward to verify that setting Ay = 0 or A\; = 1 gives us the dynamics for

prices and consumption for “pure” equilibria considered in Section 5.
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D Proofs of Additional Theoretical Results

D.1 Proof of Proposition 12

Proof. We guess that the price level is a log-linear function of the money supply shock and
productivity:
log P; = log xo + X1 log A + x2 log m, (216)

Note also that equation (35) implies that the dynamics for consumption are given by

1 i* 1 1
loe C, = —— (1 —1 — = (x1 —aa)log A, — =(x2 — o)1 217
0gCr=—— (og(XO) og<1+i*)) 7(><1 aa)log Ay 7(X2 om)logm,  (217)

We now consider the first expectation term in Equation (211), which the cross-sectional
average of log-prices for all price-setters. Following through Equations (153)-(158) in A.9,

we can collect all terms that depend on log A; and logm; to obtain:

log Ay 1 (a4 —1)ka (218)
logm; :  Opmkm (219)

We now consider the second expectation term in Equation (211), which is the cross-

sectional average of log-prices for all quantity-setters. Using (43), this is given by

1

_ 111
E |:10g <7777T1) + lOg ]Eit [¢zt (ZitAt) 1] — Eit |:Q9;£Ct ’Y+,]:| + ElOg Ct + lOg Pt:| (220)

Simplifying this expression and collecting terms for log A; and log m; separately yields

1 1 1
logA;,: — (1—|—X1 (1 — —)) ka+ X1 (1 — —) + apka (1 — —) (221)
ny ny ny

1 1 1
logm; :  xo (1 — —> (1—Km)+ <1 — —) Ombm + —0m (222)
ny ny my

We may now equate coefficients using (211). This yields an equation for y;:

1 1 1 1
X1 =M(aa—1D)ra+(1=XN) |[— (1+x1({1l—— ) )ka+xi|1l—— ) Fauka(l—— |+ —au
my ny ny ny
(233)

We can similarly obtain equation for ya:

1 1
X2 = MOmbm + (1 — Ap) (— + K, (— — 1)> Ombm (224)
ny my
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Solving these two equations yields:

_mykalaa—1) = (1= Aaa (ka — 1)
) = my =1 =X)(py—1) (1—r) (225)
YA+ (L= N) (B (py — 1) + 1)

el = T =) (oo (77 =D + 1)

Om (226)

The proof follows. O
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