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Abstract

Why are markups cyclical, and why does their cyclicality vary across firms, sectors,
and business cycle episodes? This paper develops a theory of pricing under uncer-
tainty in which risk-averse firms set prices before costs and demand are realized.
In this environment, pricing serves a precautionary role: optimal markups incor-
porate a risk premium that reflects the value of limiting exposure to uninsurable
cost and demand risk. A central implication is that markup dynamics depend
on the composition of risk firms face. Cost risk and demand risk affect pricing
incentives in systematically different ways, so whether markups are procyclical or
countercyclical depends on which source of risk dominates and how it co-moves
with economic activity. We test these predictions using industry-level data for
U.S. manufacturing over 1976-2018. Consistent with the theory, a one-standard-
deviation increase in cost uncertainty raises prices by 5.8%, while a comparable
increase in demand uncertainty lowers prices by 6.6%. The structural calibration
of the dynamic GE model and the corresponding quantitative exercises—impulse
responses to uncertainty shocks, welfare costs, the historical 1976-2018 path, and
untargeted cross-industry validation—are work in progress and will appear in a

subsequent draft.
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1 Introduction

Why are markups cyclical, and why does their cyclicality differ across firms, sectors,
and business-cycle episodes? Empirical findings are strikingly heterogeneous: in some
contexts markups appear countercyclical, in others procyclical, or even close to acyclical.
Despite broad agreement on the cyclical behavior of consumption, investment, and
employment, there is no consensus on the cyclical behavior of markups.

This paper reconciles these conflicting findings. We argue that markup cyclicality
reflects differences in the composition of risks firms face. Firms that set prices under
uncertainty use pricing to manage their exposure to risk. When costs are uncertain, a
higher price limits exposure to high-cost states; when demand is uncertain, a lower
price sustains sales in weak-demand states. Cost risk therefore raises markups, and
demand risk lowers them. Whether markups rise or fall over the business cycle depends
on which type of risk dominates and how that risk covaries with economic activity.

This paper develops and tests a theory of markup cyclicality built on this mechanism.

The dominant interpretation of markups in macroeconomics emphasizes market
power. In models of imperfect competition, firms set prices above marginal cost because
they face downward-sloping demand curves (Chamberlin, 1933; Dixit and Stiglitz, 1977).
A large literature studies how such markups affect production, misallocation, inflation,
and welfare, and how they respond to realized movements in demand and costs (e.g.,
see Blanchard and Kiyotaki, 1987; Edmond, Midrigan and Xu, 2023). In this view,

markup fluctuations reflect realized shocks or changes in competitive conditions.!

A distinct explanation for markups emphasizes risk. Since Knight (1921), economists
have argued that profits compensate firms for bearing uncertainty that cannot be
fully insured or contracted away. Modern risk-based models formalize this insight
by showing that uninsurable productivity risk distorts input choices and generates
wedges between prices and marginal costs (Boar, Gorea and Midrigan, 2025; Di Tella,
Malgieri and Tonetti, 2025). In these frameworks, markups emerge indirectly from

distorted real allocations; pricing itself is not the object of analysis.

We instead analyze pricing as the locus of risk management. When firms set prices
before uncertainty is resolved, risk aversion introduces a trade-off between expected
profits and profit volatility directly in the pricing decision. Under this mechanism,
markups do not solely reflect rents from market power. Instead, optimal pricing
incorporates a risk premium that reflects the firm’s exposure to profit risk. Market

IThroughout, we use “markups” in the broad macroeconomic sense of wedges between prices
and marginal costs. Such wedges can reflect market power, but may also arise from a variety of
other frictions—including nominal rigidities and price adjustment costs, search and matching frictions,
customer markets and price discrimination, and informational frictions. See, for example, Calvo (1983);
Golosov and Lucas (2007); Atkeson and Burstein (2008); Menzio (2024); Angeletos and La’O (2013).
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power and other pricing frictions determine the risk-neutral component of the markup,
while the risk premium incorporates the precautionary value of limiting exposure
to uninsurable risk. Understanding markup cyclicality therefore requires analyzing
optimal pricing under uncertainty.

We develop a general theory of pricing under uncertainty in which risk-averse
tirms set prices ex ante, before costs and demand are realized, and quantities adjust
endogenously to meet demand. Optimal pricing decomposes into two components: a
risk-neutral markup—reflecting market power and other familiar pricing forces—and
a risk premium that captures the precautionary value of pricing under uncertainty.
This decomposition isolates the effect of risk from other determinants of markups and
delivers sharp sign restrictions across distinct sources of uncertainty. Cost risk increases
risk-adjusted marginal cost and raises markups. Demand risk reduces risk-adjusted

marginal revenue and lowers markups.

Main Contributions. Our first contribution is theoretical. Under weak assumptions
on preferences and demand, we establish these sign restrictions without relying on
particular functional forms. Our focus is not on explaining the level of markups, but on
their variation over the business cycle. The theory shows that markup cyclicality is an
equilibrium outcome determined by the composition of risk firms face. This framework
offers a coherent interpretation of the mixed empirical evidence on markup cyclicality
documented in the literature (see, for example, Bils, 1987; Hall, 1988; Basu and Fernald,
1997; Nekarda and Ramey, 2020; De Loecker, Eeckhout and Unger, 2020; Hasenzagl and
Pérez, 2023), which standard market-power models and existing risk-based theories
struggle to reconcile.

Our second contribution is empirical. We test the theory’s predictions using
industry-level data for U.S. manufacturing covering 335 6-digit NAICS industries
(matched to 209 of 231 manufacturing detail input-output codes) over 1976-2018. We
construct Bartik-style shifters from the BEA input-output tables that measure each
industry’s exposure to upstream cost conditions and downstream demand conditions
through its position in the production network. Uncertainty is measured as the rolling
volatility of innovations to these shifters. A key feature of our empirical design is the
inclusion of Bartik level controls—lagged levels of the cost and demand shifters—which
absorb mechanical cost pass-through and ensure that the estimated coefficients capture
the pure uncertainty channel. Consistent with the theory, we find that cost uncertainty
significantly raises prices while demand uncertainty lowers them: in our preferred
2SLS specification, a one-standard-deviation increase in cost uncertainty raises prices
by approximately 5.8%, while a comparable increase in demand uncertainty lowers

prices by approximately 6.6%.



The reduced-form slopes identify the precautionary pricing channel at the industry
level: cost uncertainty raises prices and demand uncertainty lowers them, with both
channels well-identified and quantitatively meaningful. Mapping these reduced-form
slopes into a quantitative decomposition of aggregate markup cyclicality requires a
defensible firm-level markup measure and a fully calibrated structural model, neither
of which we attempt in this draft. The structural calibration of the dynamic GE model—
and the associated quantitative exercises (impulse responses to uncertainty shocks, the
welfare cost of uncertainty, the historical 1976-2018 path, and untargeted cross-industry

validation)—are work in progress and will appear in a subsequent draft.

Related Literature. Our paper relates to two strands of the literature. First, as dis-
cussed above, recent work shows that uninsurable risk can generate wedges commonly
interpreted as markups (Boar, Gorea and Midrigan, 2025; Di Tella, Malgieri and Tonetti,
2025). In these models, imperfectly diversified entrepreneurs choose inputs—such as
labor or capital—before productivity is realized, and risk aversion distorts these choices
away from the risk-neutral benchmark, adding a risk component to price—cost wedges.

We differ in two fundamental respects. First, we study risk management through
pricing rather than input choice: firms in our model set prices ex ante and quanti-
ties adjust to meet demand, so markups arise directly from optimal pricing under
uncertainty—consistent with evidence that firms predominantly adjust prices rather
than quantities in response to shocks (Flynn, Nikolakoudis and Sastry, 2024). Second,
we allow for multiple sources of risk with systematically different effects on pricing
incentives. While existing work focuses on productivity or cost risk, which pushes
pricing distortions in a single direction, our framework accommodates both cost and
demand risk and shows how their interaction determines markup cyclicality. Our
model generates a risk component of markups similar to that obtained in models where
risk distorts input choices when demand risk is absent and cost uncertainty arises solely

from productivity shocks.

Second, our analysis complements recent work by Burstein, Carvalho and Grassi
(2025). They develop a granular oligopolistic model in which firm-level shocks generate
sectoral and aggregate markup dynamics through endogenous changes in market
shares and demand elasticities. In their framework, markups are functions of firm size:
as firms expand or contract following shocks, they move along a markup-size schedule
implied by variable demand curvature. Shocks that alter firms’ relative positions within
a sector therefore generate both within-firm markup adjustments—through changes in
the elasticity each firm faces—and aggregate markup movements through reallocation
across heterogeneous firms. Empirically, they decompose markup fluctuations into

within-firm and reallocation components and find that within-firm markup changes



account for roughly sixty percent of sectoral markup movements for the median sector
in French data. We provide a complementary structural mechanism for within-firm
adjustments. In our framework, markups change because firms use prices to manage
risk exposure through precautionary pricing, so aggregate cyclicality reflects both
precautionary pricing and the reallocation forces emphasized in their model.

The remainder of the paper is organized as follows. Section 2 presents a simple
example illustrating the core mechanism. Section 3 develops the general theory of
pricing under risk and markup cyclicality. Section 4 embeds the static theory in a
dynamic general-equilibrium model. Section 5 tests the qualitative predictions of the
theory using U.S. manufacturing data. Sections 6 and 7 outline the structural calibration
of the dynamic GE model and the associated quantitative exercises, both of which are
work in progress and will appear in a subsequent draft. Section 8 concludes.

2 Precautionary Pricing: An Example

This section illustrates the core mechanism behind precautionary pricing under uncertainty
in a tractable environment that delivers closed-form solutions and clear intuition. We
focus on a special case with CARA preferences, linear demand, constant marginal
cost, and normally distributed shocks. These assumptions yield an exact certainty-
equivalent representation of the firm’s pricing problem and make transparent how
different sources of uncertainty distort pricing relative to the risk-neutral benchmark.

This environment shuts down wealth effects and isolates the risk-management role
of pricing. Prices are the firm’s only instrument for managing profit risk, so deviations
from the risk-neutral benchmark reflect incentives to stabilize profits across states of
the world. This knife-edge case therefore provides a clean prototype for the general
theory developed in the next section, where we relax functional-form assumptions and
allow for endogenous wealth effects.

Environment. A monopolistic firm sets its price p before demand and cost shocks are

realized.” Demand is linear and subject to level uncertainty,

v(p;&)=a+&-bp,

2Appendix A provides a directed-search microfoundation for price commitment in which demand
uncertainty arises endogenously from buyer arrival risk. Cost uncertainty is standard and reflects risk in
input prices or own productivity risk.



where a,b > 0, and & captures demand risk. Marginal cost is constant in output but
stochastic,

k(n)=x+1,

where ¥ > 0 and 7 is a cost shock. The shocks 6 = (7, £) are mutually independent,

mean zero, and normally distributed.

Profits are given by
n(p;0) = (p~K-n)(a+&-bp)
which can be decomposed as

7(p;0) = (p-x)(a-bp)+(p-x)& —(a—bp)n-ne.

deterministic stochastic

The firm is owned by a risk-averse entrepreneur with no outside income. Preferences
over profits are of the CARA form,

U(r) = —exp(—amn), a>0.

Pricing problem. The firm chooses price before shocks are realized to maximize
expected utility,

max [E[-exp(-am(p))].
p>0

We first characterize the risk-neutral benchmark (a = 0), and then show how risk

aversion distorts pricing away from this benchmark.

Risk-neutral benchmark. Under risk neutrality, the optimal price satisfies

%IE[TC(;D)] =a-2bp+bx =0,
which yields
_a+bx

At this price, expected marginal profits are zero. As a result, a marginal change in price

has no first-order effect on mean profits. Any deviation from pgy under risk aversion



must therefore arise entirely from how price changes redistribute profits across states
of the world, rather than from changes in expected profits.

Equivalently, the optimality condition can be written in output space as

a-2y
b

=X,

which is the familiar condition “mean marginal revenue equals mean marginal cost”

shown in Figure 1.
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Figure 1: Optimal risk-neutral pricing.

Notes. Linear demand y = a — bp with a =100 and b = 1. Inverse demand is p(y) = 100 — y, marginal
revenue is MR(y) = 100 — 2y, and marginal cost is ¥ = 20. Both bands are plotted with +30; from their
mean value, with o; =1 fori € {1, &}.

Risk-adjusted pricing. With CARA utility and normally distributed profits, maximiz-
ing expected utility is equivalent to maximizing the certainty equivalent,

a
max  CE(p) = E[n(p)] - = Var(r(p))
p>0 2
This formulation makes the risk-management role of pricing explicit: prices are chosen
not only to maximize expected profits but also to manage the dispersion of profits
across states of the world. The optimal price satisfies

d a d

@E[W(P)] - EEVM(“(P)) =0.



The second term captures the risk adjustment. Locally around the risk-neutral benchmark
PRN, pricing responds exclusively to how marginal price changes affect profit volatility.
Whether risk raises or lowers prices depends entirely on the source of uncertainty.

2.1 Costrisk

Suppose only marginal cost is uncertain (£ = 0). Profits reduce to

n(p;n) = (p—-x—n)(a—"bp),

where 71 is a mean zero shock with variance 0%, and profit volatility depends on the
scale of production,

Var(n(p)) = (a—bp)’oy = y’o,,

so higher output amplifies exposure to cost risk.

The resulting pricing condition can be written as
(a—2bp +b%) + ab(a—bp)o, =0,

where the first term corresponds to the standard risk-neutral pricing condition and
the second term captures the effect of cost risk under risk aversion. Relative to the

risk-neutral benchmark, cost risk induces an upward distortion in price:

a 2
PRA ¥ PRN + 7 YRN Oy

Cost risk raises price. Intuitively, when marginal costs are uncertain, profits are most
volatile at high output levels, where adverse cost realizations are especially costly. By
raising prices, the firm reduces quantity demanded and dampens its exposure to high-
cost outcomes. Pricing therefore limits the firm’s exposure to cost risk and generates
higher markups.

The same intuition can be expressed in output space. Using inverse demand, the
optimality condition can be rewritten as

a-2y = 2

2 = K+ayo,.

N~—— ~———
mean MR(y) risk-adjusted MC(y)

Cost risk thus enters the firm’s problem as an endogenous, output-dependent wedge:
from the firm’s perspective, pricing under uncertainty is equivalent to facing an increas-



ing marginal cost schedule, even though technological marginal cost is constant. At the

optimum, risk-adjusted marginal cost equals mean marginal revenue (see Figure 2).
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Figure 2: Optimal risk-averse pricing with cost risk.

Notes. This figure corresponds to linear demand y = a—bp, where a = 100 and b = 1. In this case, inverse
demand is p(y) = 100 — y, marginal revenue is MR(y) = 100 — 2y, and risk-adjusted marginal cost is
x+ a;uonz, where ¥ = 20, @ = 1/2 and o,? = 1. The marginal-cost band plotted in the figure is ¥ + 30,,.

This characterization provides a formal foundation for Knight (1921)’s theory of
profit. Knight argued that under perfect competition and no uncertainty, price equals
marginal cost and profits are zero, and that positive profits arise only as compensation
for bearing uninsurable risk. Our result makes this precise. In our setting, a risk-
averse firm facing cost uncertainty sets price above expected marginal cost even in the
absence of market power. In both cases—pricing under risk and pricing with market
power—equilibrium output is lower than in the competitive, risk-neutral benchmark,
but for fundamentally different reasons. Under market power, higher prices reflect
rents from imperfect competition; under cost risk, higher prices reflect a risk premium
that compensates for exposure to adverse cost realizations. The resulting profit is
therefore not a rent from restricting supply, but a risk premium required to induce

production under uncertainty.

2.2 Demand risk

Suppose instead that only demand is uncertain (1 = 0). Firm profits are

n(p;&) = (p-x)(a+<&-bp),



where £ is a mean-zero demand shock with variance 0*52. Profit volatility depends on

the wedge between price and expected marginal cost,

Var(n(p)) = (p - %)*0Z,

so larger markup wedges (p — ¥) amplify exposure to demand risk.

The resulting pricing condition can be written as
(a—2bp+b%)-a(p-x)a; = 0.

Relative to the risk-neutral benchmark, demand risk induces a downward distortion in
price. A first-order expansion around the risk-neutral price yields

~ a 212
PRA ® PR —ﬁ(PRN—K)Ug

Demand risk lowers prices. When demand is uncertain, a higher price—and hence a
higher markup—amplifies profit volatility, since revenues then respond more strongly
to demand realizations. A risk-averse firm therefore lowers its price ex ante, com-
pressing the markup and reducing the sensitivity of profits to demand shocks. Pricing
therefore limits the firm’s exposure to demand risk, thereby stabilizing profits across

demand realizations.
This mechanism is particularly transparent in output space. Using inverse demand

p(v) = (a—v)/b, the optimality condition can be rewritten as

a-2y « — 2

x.
——
mean MC

risk-adjusted MR(p)

Demand risk enters the firm’s problem as an endogenous, output-dependent wedge
on marginal revenue. From the firm'’s perspective, pricing under demand uncertainty
is equivalent to facing a downward-shifted marginal revenue schedule, with the ad-
justment proportional to the markup wedge p(y) — . Since this wedge is positive
whenever markups are positive, the equality between risk-adjusted marginal revenue
and marginal cost is satisfied at higher output and therefore lower price, as illustrated

in Figure 3.
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Figure 3: Optimal risk-averse pricing with demand-level risk.

Notes. This figure corresponds to linear demand y = a—bp, where a = 100 and b = 1. In this case, inverse
demand is p(y) = 100 — y, marginal revenue is MR(y) = 100 — 2y, and risk-adjusted marginal revenue is
100 -2y + § (¢~ 1)0f, where a = 1/2 and 0] = 1.

2.3 Markup cyclicality and risk composition

When both sources of risk are active, the optimal price under linear demand has the
following first-order approximation around the risk-neutral benchmark:

Pra = PRN T @R(0?),
where the risk adjustment is given by

R(0?) = yTRNa,f - };RTZIGEZ'
The sign and magnitude of R(0?) depend on the composition of risk and summarize
the central mechanism of precautionary pricing. Different sources of uncertainty distort
pricing in opposite directions because they shift profits toward different states of the
world and therefore reshape the distribution of profit risk. Cost risk raises prices by
increasing risk-adjusted marginal cost: high output magnifies exposure to unfavorable
cost realizations, so raising prices reduces quantity demanded and limits exposure to
high-cost states. In contrast, demand risk lowers prices by depressing risk-adjusted
marginal revenue. Higher prices shift profits toward already favorable demand states,

increasing volatility and inducing the firm to compress markups.
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To connect these pricing effects to markups, it is useful to distinguish between
ex-ante and ex-post notions of markups. The ex-ante markup, chosen by the firm at the
time of setting price, is

PrA

04
Pi= T RHRN T %R(GZ))

and captures the firm’s pricing decision under uncertainty. By contrast, the ex-post
markup, realized after the cost shock is observed, is
_ Pra K

- B U[yRN+ %R(az)].

,uex—post ( 77 ) :

Ex-post markups fluctuate mechanically with realized cost shocks, but their expectation
coincides with the ex-ante markup, E[pexpost] = p. Our theory concerns the ex-ante

markup, which reflects the firm’s optimal pricing choice.?

Markup cyclicality arises because uncertainty itself varies over the business cycle.
In the linear-demand environment, changes in uncertainty shift the firm’s optimal
price relative to marginal cost through the same risk-adjustment channel that governs
precautionary pricing. If cost uncertainty rises in downturns, firms raise prices to
reduce exposure to adverse cost realizations, generating countercyclical markups. If
instead demand uncertainty rises in downturns, firms compress markups to stabilize
profits, generating procyclical markups. When these forces offset each other, markups
may appear acyclical even though firms actively adjust prices in response to risk.

A convenient summary of this logic is given by the decomposition

JR
2
Cov(p,yi) =a E 902 x Cov(ayy V)
ke(n,&) k R
— cyclicality of risk k
markup sensitivity
to risk k

which expresses markup cyclicality in terms of exposure—that is, how sensitive
markups are to each type of uncertainty—and cyclicality—that is, how uncertainty
covaries with economic activity. A central implication of the theory is thus that markup

cyclicality reflects the composition of risk and the cyclical behavior of its components.

The linear-demand environment studied here deliberately abstracts from other
mechanisms firms may use to manage risk. The entrepreneur has no income beyond
tirm profits, cannot trade financial assets, and has CARA preferences that eliminate
wealth effects. Pricing is therefore the firm’s only instrument for managing profit risk. In

richer environments, firms may partially manage profit risk through financial markets

3Beyond the firm-level identity [E[ Hex-post] = H, the two coincide exactly at the cross-sectional aggregate
under output-weighted harmonic sales-weighting—see Proposition 5 in Section 3.
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or diversification of income sources, and preferences with non-constant absolute risk
aversion introduce wealth effects that interact with pricing incentives. The next section
shows that these considerations modify—but do not overturn—the central insight:
markup cyclicality is determined by the composition of risk and by how each risk

component covaries with the business cycle.

3 Precautionary Pricing: A Theory of Markup Cyclicality

Prices can be used to manage exposure to profit risk. By adjusting prices, firms owned
by risk-averse entrepreneurs can partially manage profit fluctuations induced by de-
mand and cost shocks. This precautionary pricing motive alters pricing incentives
relative to the risk-neutral benchmark: cost uncertainty raises optimal prices, while de-
mand uncertainty lowers them. The direction of markup cyclicality therefore depends

on which type of uncertainty predominates over the business cycle.

Throughout, firms are owned by entrepreneurs who choose prices to maximize
expected utility. Profits need not be the entrepreneur’s only source of wealth, so the
risk-management role of pricing depends on how price changes affect the distribution

of wealth across states, not merely profits in isolation.

We proceed in three steps. First, we derive general pricing results without functional-
form assumptions for preferences, demand, or technology. Second, we study pricing
locally around the risk-neutral benchmark. Third, we specialize to canonical environ-

ments that link the general theory to the quantitative analysis.

3.1 General pricing under uncertainty

A firm chooses its price before the realization of demand and cost shocks. The firm is
owned by an entrepreneur who sets price to maximize expected utility. We characterize

optimal pricing in a fully general environment.

Let 6 denote a vector of demand and cost shocks. Demand for the firm’s variety is
v(p;0) = D(p;0), total cost is C(y; O), and profits are

7(p;8) = pD(p;0) = C(D(p; 0); 6).
This profit specification encodes an assumption that we use throughout the paper:

AO0. Price commitment / demand-determined quantity. The firm’s sole decision is its
price p; once p is posted, the firm commits to supply the quantity demanded at
that price, y = D(p; 0). Equivalently, realized output is 7P"-measurable up to the

13



demand-shock realization in 6 and does not respond to cost-shock realizations
separately from demand.

Assumption A0 is embedded in the profit function above through the substitution y =
D(p; 0) that appears in both the revenue and cost terms. It is the same price-commitment
convention invoked in the dynamic environment of Section 4 and underlies the ex-ante
pricing theory that follows. Let w(0) denote the entrepreneur’s non-profit resources,
which may be stochastic and arbitrarily correlated with demand and cost shocks. Total

resources are
W(p;0) = w(0) + 1(p; 0).

In general equilibrium, the entrepreneur purchases consumption at price index P(0), so
utility can be written as U (W (p; 0)/P(6)).* For notational simplicity, normalize P(6) = 1

and write the entrepreneur’s problem as

max [Eg [U (W(p;0))].
p>0

Theorem 1 (Optimal pricing under cost and demand uncertainty). Suppose that:

Al. U : R — Ris twice continuously differentiable, strictly increasing, and strictly concave.

A2. For almost all 6, D(-;0) is twice continuously differentiable with D,(p;0) < 0 for all
p >0, and C(-;0) is twice continuously differentiable with C,(y;6) > 0 for all y > 0.

A3. For almost all 8, the profit function p — 1t(p; 0) is strictly concave on (0, o).

A4. There exists an open interval I C (0, 00) and an integrable function M(6) such that, for
allpel,

|U(w(0)+7(p;0))| <M(0)  and  |U'(w(0)+7(p;6)) 7,(p; 0)| < M(6).

The first inequality guarantees that the objective F(p) = Eg[U(w(0) + 1(p; 0))] is finite
on I; the second permits differentiation under the expectation via dominated convergence.

Ab. There exists 0 < p < p < oo with [p,p] C I such that

IEQ[U’(cu(B) +7(p; ) np(g;e)] >0, 1E9[U’(w(9) +7(p; 0)) np(p;e)] <0.

“Here P(6) is any scalar summary of the composite-good price faced by the entrepreneur; it need not
be an ideal (homothetic, cost-of-living) price index. For the quasilinear specification used later, P can be
taken as the unit price of the numeraire and the normalization P(0) = 1 is without loss.
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Then there exists a unique optimal price p* € (p, p) characterized by
Eg [U’(w(@) + n(p*;@)) np(p*;e)] =0,
where

7,(p30) = 3(p; 0) + [p — MC(p;0) ]y, (p;0),  MC(p;6):=C,(D(p;6);0).

Proof. See Appendix B.1. O

Remarks. Theorem 1 provides a fully general characterization of optimal pricing
under uncertainty with minimal assumptions on preferences, demand, and technology.
Assumptions A1-A3 impose standard economic structure: strictly concave preferences
and single-peaked profits ensure existence and uniqueness of the optimal price. As-
sumptions A4—Ab5 are technical regularity conditions that guarantee differentiability of
expected utility and rule out corner solutions. Together, these assumptions encompass

standard monopolistic-pricing environments under uncertainty.

A3 does not follow from A2 alone; it is a standing assumption on the profit function.
Standard sufficient primitive conditions under which it holds include (a) log-concave
inverse demand paired with a weakly convex cost function, (b) linear or exponential
demand with a convex cost function, or (c) any demand function for which the inverse
elasticity D(p; 0)/[pD,(p;0)] is weakly decreasing in p, together with weakly convex
marginal cost. The CARA-with-linear-demand specialisation used in Sections 3.4 and 4
satisfies A3 directly.

Assumptions A1l and A2 require C? regularity because the local pricing expansion
in Theorem 2 invokes second derivatives of profit. Theorem 1 itself uses only the
first-order conditions and so could be stated under C! regularity; we maintain C?

throughout for uniformity across the main results.

Importantly, no restriction is imposed on the joint distribution of (w(8), D(:; 0),C(:;0)).
In particular, non-profit income w(6) may be stochastic and arbitrarily correlated with
demand and cost shocks. One may therefore interpret w(0) as capturing returns on
pre-existing assets or other income sources that provide partial or full insurance against

these shocks. Pricing decisions then respond to the residual risk borne by the firm.

The first-order condition admits a natural economic interpretation in terms of risk-

adjusted marginal revenue and marginal cost.
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Corollary 1 (Risk-adjusted pricing formula). Define the risk-adjusted expectation at p by

E[U’((0) + 7(p; 0))X]
E[U(w(0)+7(p;0))]

EfAX] :=

Under the assumptions of Theorem 1, the optimal price satisfies
MRRra(p*) = MCra(p*),

where risk-adjusted marginal revenue and marginal cost are given by

EX[y(p; 0 EXA[MC(p; 0)y,(p; 6
MRa(p) = p+ IgA[y(p )], MCan(p) = ¥ [RA(p )vp(p )]'
Ep, [3’p(p36)] Ep [yp(p;e)]
Equivalently, these objects admit the decomposition
Elp(p;0)] (Bl E[y]
MR =p+ + _
ralp) =P E[Vp(p}e)] IEﬁA[yp] lE[yp]
| ——
MRiean(p) RAMR(P)
e )_IE[MC<p;9> yp<p;e>]+ EJAIMC ] E[MC y,]
Ratp Ely,(p;6)] EM,]  Ely] )
MCpean(p) RAmc(p)
Proof. See Appendix B.8. O

Interpretation. Optimal pricing equates risk-adjusted marginal revenue and risk-
adjusted marginal cost. Relative to the risk-neutral benchmark, risk aversion tilts the
effective probability distribution toward states in which marginal utility is high—that
is, states in which total resources are low. This reweighting modifies both marginal
revenue and marginal cost by assigning greater weight to adverse realizations of
demand and cost shocks.

Prices therefore serve as an instrument for managing exposure to risk. By adjust-
ing prices, firms trade off expected profits against lower exposure to states in which
marginal utility is high. When utility is linear, the risk-adjusted expectations collapse

to physical expectations and the standard risk-neutral pricing rule is recovered.
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3.2 Pass-through and local pricing

The exact characterizations of Theorem 1 and Corollary 1 are fully general but do not
reveal how specific sources of uncertainty affect prices and markups, nor whether risk
aversion leads firms to raise or lower markups. To obtain sharper economic insight,
we now study pricing locally around the risk-neutral benchmark. When risk aver-
sion is small, the optimal price can be expressed as a perturbation of the risk-neutral
optimum. This local approximation yields a transparent expression for the risk adjust-
ment in prices and allows us to isolate the channels through which uncertainty shapes
markup cyclicality. Before providing this approximation, we introduce terminology
that connects the curvature of the risk-neutral problem to classic cost/tax pass-through.

Definition 1 (Cost pass-through). Let k be a deterministic cost shifter entering the profit
function 1t(p; 0,%). Let the risk-neutral price prn(x) solve

Eg |y (prn(%); 6,%)] = 0.
The (risk-neutral) cost pass-through is defined as

dprn(¥)

S
Remark. This definition is fully general and does not impose restrictions on preferences,

demand, on technology. Differentiating the risk-neutral first-order condition and
applying the implicit function theorem yields
o= _Eg[myrrn]
Eg[mpprN]
If the cost shifter enters profits through marginal cost one-for-one (as with a unit tax or

an additive input-price shock), then 7,z rn = =¥ rN, and

_ Eg[yprn]
Eg[7p,rN]

Since y, rn < 0 and 7, N < 0, we have ¢ > 0. Thus, pass-through is a sufficient statistic
for the local curvature cost of changing prices in the risk-neutral problem: larger ¢
means the risk-neutral objective is locally flatter, allowing the firm to move prices more

(at lower expected-profit cost) to manage profit risk through pricing.

Theorem 2 (Local pricing formula around the risk-neutral price). Suppose the assumptions

of Theorem 1 hold. Let the risk-neutral price pry be the unique interior maximizer of expected
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profits, characterized by

Eg[r,(prn;0)] =0,  Eg[m,,(pra;60)] < 0.
In addition, assume:

A6. Profits have finite fourth moments uniformly in a neighborhood of prn:

sup  Eo[ln(p; )] < co.
peN (prN)

A7. The mapping p v Eg[1t(p; 0)] is twice continuously differentiable on N (prn).

A8. Preferences belong to a one-parameter family {U,},>o with Uy(W) =W and absolute
risk aversion
B UI/(W)

AaW)i= =T = adv)

where A : R — R, is continuously differentiable.

Define benchmark objects evaluated at pry as

Wrn(6) := @(0) + Tt(pri; 6), nirN(60) == Tt(pri; 0),
70y, RN(O) := 70, (PrN; 0), Yp,RN(6) := 9, (PrN; 0).

Then, for sufficiently small «, the optimal price p(a) under preferences U, satisfies
p(a) = pry + @R +O(a®) +a - oyzj-o(1),

where the last term is absent under CARA preferences (in which case A is constant and the mean-
value step in the proof is exact); under variable-A preferences (e.g., CRRA) it represents the
higher-order residual of the integral-form expansion of U, and vanishes under joint small-(a,Y.)

asymptotics. where the first-order risk adjustment admits the covariance representation

Z' COUQ(TCRN, T(p,RN) COUQ(A(WRN), T(RNT(p,RN)

R = + ,
v Eg[yp,rn] Eg[yp,rn]
pure risk term wealth-effects term
with A := Eg[A(Wgn)]-
Proof. See Appendix B.2. O
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Remarks. Although the entrepreneur’s objective is defined over total resources, price
affects utility only through profits. Accordingly, the local expansion and curvature
conditions are naturally stated in terms of expected profits, and at @ = 0 the expected-
utility problem collapses to profit maximization. Also, while the result is stated as a
local approximation, it is exact in leading cases of interest—such as CARA preferences
with normally distributed shocks, or more generally whenever profits are affine in the

underlying shocks—so that higher-order risk corrections vanish.

The risk adjustment R admits a transparent decomposition. First, it makes explicit
that the magnitude of precautionary pricing is disciplined by (i) cost-pass through ¢
and (ii) local demand slope E[y, rn]- All else equal, stronger pass-through amplifies
the effect of risk on prices, while steeper demand (more price-sensitive consumers)
dampens it. The first term within brackets captures pure risk exposure: pricing responds
to the covariance between profits and marginal profits, scaled by average absolute risk
aversion. The second term captures wealth effects: when absolute risk aversion varies
with total resources, optimal pricing additionally reflects how states with high marginal
profits co-vary with wealth. Because Wyy = w + TRy, non-profit income w(6) acts as
an insurance channel shaping residual risk, and no restriction is imposed on its joint

distribution with demand and cost shocks.

Intuition. At the risk-neutral price pry, expected marginal profits are zero, so a
marginal change in price has no first-order effect on mean profits. A risk-averse firm,
however, also cares about how a price change redistributes profits across states. Locally
around pry;, the direction of the optimal price adjustment is therefore governed entirely
by how marginal price changes affect the riskiness of profits.

The covariance term Covg(mrN, 7ty rN) captures this effect. It measures whether
marginal price increases change profits disproportionately in already good states or
already bad states. If this covariance is negative, raising price increases profits primarily
in low-profit states and reduces volatility; price increases therefore shift profits toward
states in which profits would otherwise be low, and the firm optimally raises price
relative to the risk-neutral benchmark. If the covariance is positive, raising price
amplifies risk by shifting income toward already favorable states, and the firm optimally

lowers price to smooth profits across states.

When absolute risk aversion varies with total resources, an additional wealth-effects
term appears. This term captures how the risk-management value of pricing depends
on the correlation between non-profit income and the shocks affecting profits. Under
CARA preferences, absolute risk aversion is constant and this channel is absent; under

CRRA preferences, it generally survives and can either amplify or attenuate the pure
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risk effect, depending on how marginal profits co-move with wealth. The next corollary

formalizes these observations.
Corollary 2 (CARA and CRRA risk corrections). Under the assumptions of Theorem 2:

(i) CARA. If U, (W) = —exp(—aW), then absolute risk aversion is constant, so A(W) = 1
and the wealth-effects term vanishes, and the risk adjustment simplifies to

~Covg (RN, 70y RN)
Eg[yp,rN]

(ii) CRRA.IfU(W)=W'9/(1-0), with UW) =logW for o = 1, then A, (W) = o/W =
o -AOW) with AOW) = 1/W, and the general decomposition applies with a non-vanishing

wealth-effects term.

Remark. Although CRRA preferences are not globally nested in the family {U,},>¢,
they satisfy the local scaling property of absolute risk aversion required for Theorem
2 and are therefore covered by the local approximation. Under CARA preferences,
pricing responds solely to pure risk exposure. Under CRRA preferences, wealth effects

interact with the precautionary pricing motive through non-profit income.

To isolate the core precautionary pricing mechanism and its implications for markup
cyclicality, we therefore focus first on the pure-risk component of the risk adjustment.
The local pricing formula shows that risk affects prices through the covariance between
profits and marginal profits. Decomposing this covariance allows us to identify how
distinct sources of uncertainty—cost risk, demand-level risk, and demand-elasticity
risk—shape pricing incentives, both individually and through their interactions. Focus-
ing on the pure-risk term characterizes the precautionary role of pricing independently
of wealth effects, which depend on the joint distribution of profits and non-profit

income and are discussed separately.

Proposition 1 (Decomposition of the pure risk adjustment term by source). Let 6 =
(1, &,9) collect a marginal-cost shifter 11, a demand-level shifter &, and a demand-elasticity
shifter . Suppose the assumptions of Theorem 2 hold. In addition, assume:

A9. Shocks have mean zero, are mutually independent, and have finite fourth moments.

A10. For each p in a neighborhood of pry, the mapping 0 — 1t(p; 0) is three times continuously
differentiable in a neighborhood of 6 = 0.

Let ak2 = Var(0y) and ¥ = Var(0). Let R denote the risk adjustment from Theorem 2, and write
R = Ryisk + Revealths
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where R, is the pure-risk component.

For k,1 € {n, &, 1}, define the following exposures, evaluated at (p,0) = (prn, 0):
T = Ok TR, Tlpk 1= akT(p, Tk := IKTL, Tkl = aklnp-
Then the pure-risk component admits the first-order expansion

2 2 2
Rk =R (o)+ RY(0F) + RW(ag)  +o(Ill),
— — S—
cost visk  demand-level risk  demand-elasticity risk

where
— T Tk
R(k)(gz) = A —— P 52
K)=@ Eg[yp,rN]
A :=Eg[A(Wgn)], and || - || denotes any matrix norm. At the next order in ¥ — assuming

additionally that 7t is four-times continuously differentiable at @ = 0 — the covariance picks up
cross-risk interaction contributions

R(kl)(olfalz)::(p——’]ak o/, k=1,

which are O(||2||?) and therefore suppressed under the leading-order small-noise scaling.

Under CARA preferences, A(-) is constant and R e, = 0, so the above decomposition
characterizes the risk adjustment to leading order in X.

Proof. See Appendix B.3. O

Scope of the second-order correction. A fully rigorous O(||X||?) decomposition would
augment the cross-risk interactions R with (a) diagonal centered-quartic contribu-
tions of the form i TUkk TCp,kk Vare(Glf) and (b) third-derivative contributions involving
Tkl Tpl IEG[QIfQI], both of which are of the same order as R*)). We do not pursue this
expansion because the empirical and calibration analysis in Sections 5-6 relies only on
the first-order sourcewise decomposition; under any small-noise scaling ¥ = ¢ ¥, with
¢ — 0, all second-order terms (interactions, centered-quartic, and third-derivative) are

O(e*) and asymptotically negligible relative to the O(e?) sourcewise channels.

Interpretation. Proposition 1 decomposes the pure-risk component into contributions
associated with individual sources of uncertainty and their interactions. The terms R%)

capture the effect of introducing uncertainty in shock k in isolation, holding all other
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sources of risk fixed. The interaction terms R(¥!) capture how the presence of one source
of risk modifies the pricing response to another. The pure-risk component depends
only on the joint behavior of profits and marginal profits; wealth effects depend instead

on the joint distribution of profits and non-profit income and are analyzed separately.

All pure-risk effects operate through the covariance between profits and marginal
profits. Because the denominator of the risk adjustment reflects only the curvature of
the risk-neutral problem, the sign and magnitude of each component are governed by
how a marginal price change redistributes profits across states of the world. In this
sense, pricing under risk is analogous to a portfolio-choice problem: prices are adjusted
to shift profits toward states in which they are relatively low.

When multiple sources of uncertainty are present, the total effect of any one risk
combines its pure effect with interaction terms. Interactions arise because a price change
may stabilize profits only for particular combinations of shocks, so the risk-management
properties of pricing depend on the joint distribution of uncertainties rather than on
any single variance in isolation. As a result, interaction terms can attenuate or amplify
pure risk effects, and in some cases overturn their sign. Overall, risk-averse pricing
reflects a composition of precautionary motives across cost risk, demand-level risk, and
demand-elasticity risk.

The next proposition provides sufficient—and economically interpretable—conditions
under which each source of uncertainty raises or lowers prices via the pure-risk term.

Proposition 2 (Sufficient conditions to sign each risk source in pure-risk component).
Let © = (1,&,¢), where v is a marginal cost shifter, & is a demand-level shifter, and 1 is a
demand-elasticity shifter. Suppose the assumptions of Proposition 1 hold, and that

lEe[ﬂpp(PRNJG)] <0.
Define the second-order pure-risk contribution of source k € {1, &, 1} to the price adjustment by

(k) (k) 2y, L k) 2 2
Ry =R+ ) R¥(aap),
1=k

where R and R are defined in Proposition 1.

Assume that, locally at (p,0) = (prn, 0), the following exposure conditions hold:

n,7<0, npq>0; g >0, n,,gzo; Tclp<0, np¢<0.
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Assume further that interactions involving demand shifters do not overturn these signs, in the

sense that
T Tp,e1 20 forall 1#¢&, T Tp,p1 2 0 forall 1+
Then, to second order in uncertainty:

1. Cost-uncertainty raises prices provided the interaction contributions from demand shocks

are not too large: there exist thresholds Efg(oi),gfb(ag) > 0 such that R(r?s)k > 0 whenever

052 < E%(alf}) and alfj < 55,(052); equivalently, in the small-noise scaling ¥ = €X the

conclusion holds for all sufficiently small ¢.

2. Demand-level uncertainty lowers prices: R <0, with strict inequality if 1t,¢ > 0.

risk —

() <0.

3. Demand-elasticity uncertainty lowers prices: R ;.

Proof. See Appendix B.4 O

Remarks. Proposition 2 relies on four assumptions. First, the existence of an interior
risk-neutral optimum ensures that pricing distortions are locally governed by deviations
from a well-defined benchmark. Second, the sign restrictions on profit and marginal-
profit exposures formalize economically transparent mechanisms: higher marginal
costs reduce profits but raise the marginal value of increasing prices; stronger demand
raises both profits and marginal profits; and higher demand elasticity depresses both.
These conditions are satisfied in standard monopolistic-pricing environments and

simply encode how prices redistribute profits across states of the world.

Third, the restriction on the interaction terms rules out cases in which joint demand
shocks overturn these basic risk-management properties of pricing. This condition
holds in widely used demand systems—including linear, isoelastic, and separable
specifications—where interactions preserve the sign of marginal risk-adjustment incen-
tives. Fourth, the elasticity-risk threshold reflects a local dominance condition: cost risk
leads to raising prices unless fluctuations in demand elasticity are sufficiently strong to

offset the risk-reducing effect of price increases.

Importantly, the proposition only characterizes the pure-risk component of price
adjustment. Wealth effects, which arise when absolute risk aversion varies with total
resources, are analyzed separately. Focusing on the pure-risk channel isolates the core
precautionary pricing mechanism embedded in price setting and clarifies how distinct

sources of uncertainty shape markup cyclicality.
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3.3 Markup cyclicality

The local pricing results have direct implications for markup cyclicality. Because firms
set prices ex ante, before the realization of shocks, the relevant object for understanding
markup dynamics is the ex-ante markup implied by the firm’s pricing decision, rather

than the realized markup that fluctuates mechanically with ex-post cost realizations.

Formally, let ¥; > 0 denote a firm-specific, time-invariant deterministic scale for
marginal cost (a baseline technology parameter), and define the ex-ante markup as
pit(@)
pir(a) = ———,

Kj

where p;;(a) is the price chosen by firm i in period t under risk aversion a. Time-
invariance of ¥; is what all specialisations in the canonical cases below require: Corol-
laries 3-6 all use the constant firm-specific scale x; around which realized marginal cost
fluctuates, x;; = x; + 17;;. Time-variation in the realized marginal cost is absorbed into
the additive shock #;;; all time-series variation in p;; under the theorem works through

the ex-ante optimal price p;;(a), not through a time-varying denominator.

By Theorem 2, the optimal ex-ante markup admits the first-order representation

a Pit RN
pir(a) = pirRN + =Rt Mit RN = ——,
K; K;

1 1

where R;; denotes the risk-adjustment implied by the distribution of shocks faced by
tirm i in period ¢.

Markup cyclicality may therefore arise from time variation in uncertainty. As
the distribution of shocks evolves over the business cycle, the risk adjustment R;;
varies over time, inducing endogenous movements in ex-ante markups—even holding
expected costs and demand fixed.

Markup cyclicality can be defined at different levels of aggregation, depending
on the economic question of interest. In what follows, we consider three measures of
markup cyclicality: the covariance between firm-level ex-ante markups and firm-level
output, the covariance between the aggregate sectoral markup and sectoral output,
and the covariance between the aggregate (economy-wide) markup and aggregate
output. Firm-level cyclicality isolates pricing under uncertainty, sectoral cyclicality
combines pricing behavior with within-sector reallocation, and aggregate cyclicality
further reflects between-sector shifts in economic activity.

Firm-level markup cyclicality. At the firm-level, markup cyclicality is captured by

Cov(uis, vir), which measures how a firm’s ex-ante markup co-moves with its output
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over the business cycle. This object isolates the within-firm component of markup
dynamics and provides the most direct link between the pricing mechanism and firm-
level activity.

Proposition 3 (Firm-level markup cyclicality). Suppose the assumptions of Theorem 2

hold period by period for each firm i, and let the distribution of shocks vary over time through

: 2 _ (52 2 2 o
uncertainty parameters o, = (0, i\, 07 iy, 0y i) Then, for sufficiently small «,

a IR;
Cov(pit, yit) = Cov(pir RN, Yit) + = 5 = xCoo(o};,,vir) +O(a®) + O(a A1),
' ke(n,& ) Ok,it
— cyclicality of risk k
markup sensitivity
to risk k
Proof. See Appendix B.5. O

Interpretation. Markup cyclicality reflects the interaction between pricing under risk
and the cyclical behavior of uncertainty. Each source of risk affects markup dynamics
through two distinct components. The exposure channel, IR ;;/ 90]3, i, Measures how sen-
sitive optimal pricing is to uncertainty of type k, and the cyclical channel, Cov(a,i i Yit)
captures how that uncertainty co-moves with firm-level output over the business cycle.

As a result, different risks need not have symmetric effects on markup dynamics.
Even if multiple risks are equally volatile on average, their impact on markups de-
pends on exposure and cyclical comovement. Markups may therefore be procyclical,
countercyclical, or acyclical depending on the composition and cyclicality of risk.

Sectoral markup cyclicality. We construct aggregate markups using the harmonic
sales-weighted markup. For any sector s and period ¢, let Z;; denote the set of active
tirms. The sectoral markup is

hsw _ _ plt})zt
Hst sztl"zt , Wit = Z szt =1
i€l J€Lst p]ty]t i€l

Proposition 4 (Sectoral markups and sectoral markup cyclicality). Suppose the assump-
tions of Theorem 2 hold period by period for each firm i. For sufficiently small «,

2
hsw hsw
Hst = :ustRN+a(:Mst RN) a)”—
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Moreover, the cyclicality of the sectoral markup with sectoral output v, satisfies

IRt
Cov(ps™, psr) = Covlsth, per) + a(5y)" ) = Y = xCov(og v)|-
ieZy, lt:”ztRN ke{n,&, ) Gk it
Proof. See Appendix B.6. O

Interpretation. To first order, sectoral markups equal the risk-neutral aggregate
markup plus a weighted average of firm-level risk adjustments. Consequently, time
variation in uncertainty generates aggregate markup fluctuations even if the cross-

sectional distribution of revenue shares remains unchanged.

Our analysis adopts the same harmonic sales-weighted markup used by Burstein,
Carvalho and Grassi (2025). The economic mechanisms, however, differ. Burstein, Car-
valho and Grassi emphasize reallocation: aggregate shocks shift market shares across
firms with heterogeneous markups, and the aggregate markup changes mechanically
as a result. In contrast, our framework explains why firm-level markups move in the
tirst place. Because firms set prices ex ante under uncertainty, time-varying risk induces
systematic movements in firm-level markups even holding technology, preferences,
and the distribution of market power fixed. In this sense, reallocation governs how

markups aggregate, while uncertainty how markups adjust over the cycle.

The complementarity between the two mechanisms is most transparent in statistical
decompositions of the (inverse) aggregate markup that separate within- from between-

tirm components. A standard decomposition used in empirical work is

l/l?tsw Zw A:uzt ZAwlt:ul ’

i€’ i€’

within between
(pricing) (reallocation)
where bars on top of variables denote midpoint (Tornqvist) averages across periods.
This identity follows by applying the elementary Tornqvist formula A(ab) = @Ab+bAa
to each summand w;;;;' and collecting terms (see e.g. Melitz and Polanec, 2015 for a

textbook treatment in the reallocation-decomposition literature).

The first term captures movements in firm-level markups holding revenue shares
tixed. The second term captures shifts in revenue shares across firms with hetero-
geneous markups. The theory of Burstein, Carvalho and Grassi highlights the latter
channel. Our theory provides a structural foundation for the former by linking changes

in firm-level markups to time-varying uncertainty.
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Ex-ante versus ex-post aggregation. Proposition 4 aggregates the ex-ante firm-level
markups p;; = p;i/x;;. Standard empirical markup measurement (e.g., De Loecker,
Eeckhout and Unger, 2020), however, recovers the ex-post realized markup yftp = pit/Kis-
A natural concern is whether aggregating ex-post markups delivers the same aggregate
cyclicality predictions as aggregating the theoretical ex-ante objects. The following
proposition shows that, under the price-commitment timing of Theorem 1, the two
harmonic sales-weighted aggregates coincide exactly. The argument relies on a law-
of-large-numbers averaging of mean-zero cost shocks, so we pass to the continuum-
of-firms limit |Z;| — oo and replace the sums of Proposition 4 with integrals over the
unit-mass of active firms; the finite-N counterpart holds approximately, with a residual
of order 1/+/N;.

Proposition 5 (Ex-ante / ex-post aggregation equivalence). Maintain the assumptions
of Theorem 1 (including the price-commitment setup, Assumption A0), and let k;; = E[x;; |
]—;’: "] denote the conditional expectation of marginal cost at the time of pricing. Then, in the
continuum-of-firms limit, the output-weighted harmonic sales-weighted markup computed with
ex-post realized costs equals the corresponding aggregate computed with ex-ante expected costs:

st : JyltKlt/pltdl J‘yltflt/pltdl . st .

In particular, the sectoral cyclicality decomposition in Proposition 4 applies verbatim to the
ex-post aggregate. In finite samples of size Ny, the two coincide up to a residual of order 1//Ny;
by the law of large numbers.

Proof. See Appendix B.7. O

Implication. The aggregate markup and its cyclicality are invariant to whether firm-
level markups are measured ex ante or ex post. This reconciles the theoretical ex-ante
focus of our pricing model with the ex-post aggregation conventions of the empirical
markup literature: the DLW /DLE aggregate markup is already the correct measurement
target for our theoretical predictions. The ex-ante/ex-post distinction matters at the firm
level — where realized and expected markups differ by the cost-shock realization #;; —
but disappears in the aggregate under harmonic sales-weighting. This is a consequence
of the cross-sectional averaging of mean-zero cost shocks, combined with the price-

commitment timing that makes y;; and p;; orthogonal to #;; in the cross-section.

Aggregate markup cyclicality. The same logic applies at the aggregate level. The
economy-wide harmonic sales-weighted markup aggregates firm-level markups using

tirm sales shares in total economy-wide revenue. Equivalently, it can be written as the
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harmonic aggregation of sectoral markups using sectoral revenue shares: partitioning

tirms into sectors s = 1,...,S and denoting sectoral sales by Yy, = ) ;. vitpit,

hsw _ Zz’yitpit _ Zs Yot
t i Vit Kit Y Yst/y?fw
where 8V = Y,,/Y ... vi;kj; is the sectoral harmonic sales-weighted markup. The iden-

hsw

h . .
>V via Yst/yst = Zies VitKiy and summing

st

tity follows directly from the definition of y
over sectors. It makes clear that aggregate markup fluctuations can be understood as

combining movements within sectors and reallocation across sectors.

Aggregate markup dynamics therefore reflect three components: (i) firm-level
pricing, including responses to uncertainty, (ii) reallocation across firms within sectors,

and (iii) reallocation across sectors.

3.4 Canonical cases

We now illustrate the general markup-cyclicality mechanism in canonical monopolistic-
pricing environments. These cases deliver closed-form expressions for prices, markups,
and their cyclicality, and make transparent how different sources of uncertainty map
into procyclical or countercyclical markups. Corollary 3 nests the linear-demand
example of Section 2 within the general theory and provides an explicit mapping from
each component of uncertainty to the risk adjustment R ;;. We then extend the analysis
to isoelastic demand and to CRRA preferences, where wealth effects interact with the
precautionary pricing motive.

Corollary 3 (Markup cyclicality with CARA utility, linear demand, and constant
marginal cost). Let preferences be U, (W;;) = —exp(—aW;;). Marginal cost is k;; = K; + 1
with x; > 0, and demand is linear

Dit(pit; 0ir) = a+ &y — (b + it pits

where a,b > 0 and a > bxc;. Assume the shocks 1;;, &1, ¥;y are mutually independent, mean-zero,

2 2

. . . . 2 _
with time-varying variances o= (Gq,it’ Of ipr

0'#2}’ ;) and finite fourth moments.

The risk-neutral price and markup are

p; _a+bx; ” _ PiRrRN
i,RN o’ i,RN <

i

Moreover, for sufficiently small a, the optimal ex-ante markup satisfies

a
pir(a) = pi RN + %Rit(ffﬁ) +0(a?),

1
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where the (first-order) risk adjustment is

Ri(ojy) = 2 nit” ap2 &it T 3h* Opit = " gp2z OnitIyit
|
pure cost risk  pure demand-level risk pure elasticity risk cost x elasticity risk

Consequently, firm-level markup cyclicality is

a|a-Dbx; a—bx;
COU(VZ'D yit) = f_ 4 COU(UW?’”, yit) - WCOU(UEJV yit)
a(a+ bx;)(a—bx; a+ bx;
_ ( 8;6} )COU(O-IJZ)J'V ylt) - WCOU(Ug,itgll%,it’ ylt) =+ O(az)
Proof. See Appendix B.9. O

CARA utility and linear demand. Corollary 3 provides a transparent benchmark.
Cost risk raises markups because higher prices reduce exposure to low-profit, high-cost
states. By contrast, both demand-level and demand-elasticity risk lower markups
because price increases shift profits toward already favorable demand realizations and
thereby amplify risk. The pass-through in this case is ¢ = 1/2. Hence the coefficients
above can be read as “exposure terms” scaled by ¢. Since the risk-neutral markup is
constant over time, markup cyclicality is entirely driven by the interaction between
risk exposure and the cyclical behavior of uncertainty. Countercyclical cost uncertainty
makes markups countercyclical, whereas countercyclical demand uncertainty makes
markups procyclical. When multiple risks co-move with the cycle, observed markup
dynamics reflect their relative strength and interaction.

Corollary 4 (Markup cyclicality with CARA utility, isoelastic demand, and constant
marginal cost). Let preferences be U, (W;;) = —exp(—aW;;). Marginal cost is k;; = K; + 1
with x; > 0, and demand is isoelastic

Dir(pis; 0ir) = (1 + &;y)p ¥,

where € > 1 and 0;; = (14, &y, Yiy). Assume the shocks 14, &1, Piy are mutually independent,
mean-zero, with time-varying variances o3 = (0112,”, agyit, Glf)’ ;) and finite fourth moments.

The risk-neutral price (for small elasticity uncertainty) is

. x;iL; _ £ _ —
PitRN = P; + ﬁ O+ 0(0y ) Di= Ki,  Li:=Inp;,

where p; is the deterministic monopoly price, and the corresponding markup is pj;rn =

pit RN/ K.
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Moreover, for sufficiently small «, the optimal ex-ante markup satisfies

a
pir(@) = pis RN + %Rit(oﬁ) +0(a?),
1

where the first-order risk adjustment decomposes as

2\ o~ 2 2 22 A, 2 2
S— —

pure cost risk  pure elasticity risk  cost x demand-level risk  cost x elasticity risk

The coefficients (evaluated at p;) are

e-1
_ ) PR B :
Ciq = f—f, ®“P = 6_—1}71 Li, ®i171/) = e (ZL, - 2€Li )
Consequently, firm-level markup cyclicality is
i [24
Cov(pit, yit) = WCOU(%Z,W%Q + = CiqCOU(Oﬁ,,’t,yit)

- @ilpCov(oﬁ)Jt, Vit) + CiUCOU(Ui,itgg,it'yit) - @iWCov(aiitoﬁ,w Vi) |+ O(a?).

Proof. See Appendix B.10. O

CARA utility and isoelastic demand. Corollary 4 shows that the risk-management
role of pricing depends on demand curvature. As in the linear-demand case, cost risk
raises markups. Elasticity risk lowers markups: when demand becomes more price-
sensitive, high prices increase profit volatility, strengthening the incentive to compress
markups. A key difference is that pure demand-level risk does not affect prices at first
order under isoelastic demand, since level shocks scale revenues proportionally across
prices; demand-level uncertainty matters only through interaction with cost risk. The
pass-through in this case is time-varying due to the presence of elasticity risk. Holding
the uncertainty environment fixed,

€ 1 2

Pit=773 + ( 5(Li+ 1)01/;,it’

e—1)

and it reduces to ¢ = ¢/(¢ — 1) in the absence of elasticity risk. Markup cyclicality
therefore depends primarily on the cyclical behavior of cost and elasticity risk, with
elasticity risk also affecting the risk-neutral benchmark price.

Corollary 5 (Markup cyclicality with CRRA utility, linear demand, and constant
marginal cost). Consider the same environment as in Corollary 3, except that preferences are
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of the CRRA form

wi=e
UWyi) = —+

’ >0;
1-0 o

so that absolute risk aversion satisfies A;(Wi;) = 0/Wiy = 0 A(W;y) with AOWjy) = 1/Wyy,

where W;;(0;;) = wi(0;1)+ 104 (pis; Oit) is total wealth. In this case, the ex-ante markup satisfies

(0}
pir(0) = pirN + %Rit +0(a?),
1

where R = Ryisk(07) + Reveattn (Wit riv), and

1
Wit RN

Ryisk(07) = Ay R$GARA(02), A =g, l ,

1
COU@,-, ( Wi, an? TCit,RNTCp,it, RN )

it, RN

1
Rwealth(wit,RN) = E : IEQ [}} ' RN]
it L7 p,it,

Here, RiCtARA(GI%) denotes the risk adjustment from Corollary 3.

Consequently, firm-level markup cyclicality is
(0} f—
Cov(pir yir) = —| Cov (A RGRA(07), it ) + Cov(Rueattn Wit ) ir) |+ O(07).
1
Proof. See Appendix B.11. O

CRRA preferences: pure risk-scaling and wealth effects. Under CRRA preferences,
precautionary pricing inherits the CARA structure through a pure-risk component
and adds a wealth-effects component. The pure-risk channel preserves the same “risk
kernel” as in the CARA benchmark; CRRA preferences scale this kernel by average
absolute risk aversion, defined as the expected inverse of risk-neutral wealth. Hence,
the composition of the pricing response to risk is unchanged, while its strength varies
endogenously with wealth. In addition, CRRA preferences introduce a wealth-effects
term that depends on how state-contingent risk aversion co-moves with profit exposure,
summarized by the covariance between inverse wealth and the product of profits and
marginal profits. Markup cyclicality therefore reflects three forces: time variation in
risk components, time variation in effective risk aversion, and the covariance between

wealth and profit exposure that governs wealth effects.

Additional risk-sharing instruments and the role of pricing. The CRRA case also

clarifies when pricing is likely to play a quantitatively important role in managing
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risk. The wealth-effects channel depends on the joint distribution of total wealth and
profit risk, and in particular on how non-profit income co-moves with profits and
marginal profits. If entrepreneurs have access to additional risk-sharing instruments—
such as diversified equity holdings, commodity and input hedging contracts, revenue
insurance, or long-term contracts with cost pass-through clauses—then fluctuations
in total wealth are partially offset. In this case, variation in effective risk aversion is

dampened and the wealth-effects channel is attenuated.

Importantly, stabilizing wealth does not eliminate profit risk itself. As long as profits
remain stochastic and cannot be fully hedged, pricing continues to respond to risk
through the pure-risk channel. Pricing ceases to respond to risk only under complete
markets for firm-level shocks, in which case both the pure-risk and wealth-effects
channels vanish.

We next show that these conclusions extend beyond linear demand by considering
an isoelastic demand system.

Corollary 6 (Markup cyclicality with CRRA utility, isoelastic demand, and constant
marginal cost). Consider the same environment as in Corollary 4, except that preferences are
of the CRRA form

Wilt_a
l1-0

U(Wit) = ’ o> 0,

so that absolute risk aversion satisfies A;(Wi;) = /Wiy = 0 A(W;yy) with AOWj) = 1/Wyy,
where W;;(0;;) = wi(0;1)+ 104 (pis; O;¢) is total wealth. In this case, the ex-ante markup satisfies

o
pir(o) = MztRN"‘ th‘*‘o( )

where Ry = ersk( ) + Rwealth(wit,RN)/ and

1

Rrisk(aifz) A RCARA(U1t) Zil‘ =g W
it, RN

’

1
Covgit (my ﬂit,Ran,it,RN)

Rweaith Wit RN) = @it - Eo. [95150]
it L7 pit,

Here, R“ARA(a?) denotes the risk adjustment from Corollary 4.

Consequently, firm-level markup cyclicality is

L;
Cov(lht;%t) ( ) COU( ¢zt’y1t)

+_ COU( RCARA( zt) ylt)+Cov(Rwealth(Wit,RN):yit) +O(O'2)-

Ki
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Proof. For the firm i at date ¢, fix the shock distribution — including the firm-specific
elasticity variance Glf;, i —and let pRN’it(oi’ ;;) denote the risk-neutral price that solves
the RN FOC Ey,, [7,(prn; 0;¢)] = 0 under the isoelastic-demand, constant-MC specifi-

cation of Corollary 4. Unlike the linear-demand case, pgn; ;; depends on o2 ., through

it
the variance of the elasticity shifter; the expansion below is in the CRRA curvature
o and treats PRN,it(UqZ) .;) as a fixed benchmark for firm i at date t. Cross-sectional and

time-series variation in 04) it

,it
With UW) =W'9/(1-0a), A;(W) = o/W =0 - AW), A(W) = 1/W, the preference
tamily satisfies A8 of Theorem 2. For sufficiently small o, the theorem delivers

then enters the cyclicality decomposition below through

the covariance of pRN,,-t( ) with p;;.

> 1 .
A;Cov, (1 rN, T itrN) SOV, ( Wi N ”ztyRN”pylt,RN)

pi+(0) = pRN,it + O @iy +0(a?),

Eg, [¥p,it,rRN] Eeg,, [vp,it,RN]

where all expressions in the bracket are evaluated at the firm’s own pRN,it(Gi’ i) Ay =
Eg, [1/ Wit rn], and @;; = Eg, [vp,ir,rN1/Eo, [7pp,irrn]- Identifying the pure-risk and

wealth-effects components from the bracket,

— COVeit (70it,RN> TCp,it,RN)

ersk( ) gozt IE@ [}) 'tRN] = AltRCARA( zt)
it pit,
COVG ( ! fnztRNT(pztRN)
Ruwealth( Wit RN) = @it - IEQ ] ,
it p'lt;

using Corollary 4’s identity ¢;; - Covg, (7t;; RNy Ttp,it,RN)/ Eeg,, [yp,l-t,RN] RCARA( ) The
markup expansion pit(0) = pit(0)/%; follows from the deterministic x; > 0, with p;; rn =
PRN,iH(0] )/

For the cyclicality expression, take covariances with y;; on both sides of the markup

expansion:

O
Cov(pui(0),vit) = Cov(pir RN, Vit) + = Cov(R;1,vir) + O(a?).

1

The first term captures the Ulp ,~dependence of the risk-neutral benchmark: under isoe-
lastic demand with stochastic elasticity, Corollary 4 gives p;; rn = pir.rN(02 b ;), s0 a first-
order Taylor expansion around the mean 0_42; yields Cov(pu;: RN, Vit) = (Ef—i)ZCOV(Ui’ i Vit)+
O( 0‘$), where L; absorbs the local derivative dugn/ 805) at the benchmark. The second
term gives the remaining covariance by bilinearity of R;; = ZithARA + R yealth in the
two summand channels. Combining the two yields the stated cyclicality expression.
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The first-order-in-o expansion of d,U; used here is exact under CARA and a
leading-order approximation under CRRA by the remark following Theorem 2; the

higher-order corrections are absorbed into the O(c2) remainder. Il

4 Precautionary Pricing in Dynamic General Equilibrium

The pricing theory in Section 3 characterizes how risk-averse firms adjust markups
in response to uncertainty, but leaves open three quantitative questions. First, how
much of the precautionary pricing motive survives when firms can self-insure through
savings? Second, what are the aggregate consequences for output, consumption, and
welfare of uncertainty-driven markup fluctuations? Third, how do markups respond
dynamically to uncertainty shocks, and how persistent are these responses? To address
these questions, we embed the precautionary pricing mechanism in a dynamic general
equilibrium model with heterogeneous firms, incomplete markets, and an explicit
savings technology.

41 Environment

Time is discrete, t = 0,1,2,... The economy consists of a unit mass of entrepreneur-
workers, indexed by i € [0,1], and two production sectors: a differentiated sector in
which each entrepreneur owns one firm producing a distinct variety, and a competitive
outside sector producing a homogeneous numeraire good. The idiosyncratic shock
vector 0;; = (z;;, &) collects a productivity shock z;; entering variable cost through a
decreasing-returns labor technology introduced below (which maps to the cost shifter
n of Section 3 via a log-linearization around z), and a demand-level shifter &;;. We
abstract from demand-elasticity shocks and use the Melitz—Ottaviano demand system.

Outside sector. The outside sector is perfectly competitive and produces the nu-
meraire good with constant returns to scale, cy; = A€(;. This pins the wage at w; = A

and serves as the money metric in which all other prices are denominated.

Differentiated sector. Each entrepreneur i operates a firm producing a distinct variety
with a decreasing-returns labor technology v;; = zit€l.1t_77, where ¢}, is labor hired at
wage w;, z;; is an idiosyncratic productivity shock, and # € [0, 1) is a span-of-control
parameter in the sense of Lucas (1978). Inverting the technology, the labor requirement
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to serve quantity v is €(y, z) = (y/z)"/(171), giving the variable cost function

’

1/(1-n)
C(vir; zit) = wy (yit/zit)
which is strictly convex in y for 1 > 0 and reduces to w; y;;/z;; at 1 = 0. Firm i faces
demand y;; = D(p;s; &i¢) and earns profits

1/(1-n)

7(pit; 0ir) = Pit Vit — Wi (}’it/zit) .
Under linear demand y = a + & — bp, strict concavity of 7 in p (Assumption A3 of
Theorem 1) holds for all 17 € [0, 1), so Assumptions A1-A5 of Theorem 1 hold at each

0 in the dynamic GE environment. Once shocks realize, firms commit to supply the
quantity demanded at their posted price.

Preferences. Entrepreneurs have time-additive preferences with discount factor § €
(0,1), CARA utility over the numeraire good, and quasilinear additive subutility over
the differentiated bundle:

e ! : a+é 2
Uip = Et;ﬂs[_exp(_aco,it+s) + J;) V(Cji,t+5; 5j,t+s)d] ’ v(y, &) = ( 5 )y —%,

(1)

where a > 0 is the CARA coefficient on numeraire consumption, a,b > 0 govern the
Melitz-Ottaviano quadratic subutility v, and = (1 — dgeatn) is the effective discount
factor under perpetual-youth death at rate dgeam € [0, 1) (Blanchard, 1985; Yaari, 1965).
Death is realized at the end of each period, after consumption and savings; the dying
entrepreneur is replaced at the start of the next period by a newborn with wealth ay, = 0
and a fresh lag-shock draw 6™" ~ 7 ® ¢ from the ergodic marginals. Bond holdings
of dying agents are rebated lump-sum to surviving entrepreneurs via an actuarially

fair annuity.

The CARA + quasilinear structure delivers two analytic simplifications that make
the dynamic problem tractable. First, the variety FOC d,v(y, &) = p pins variety demand
y = max(a+ & —bp, 0) independent of wealth, so variety expenditure depends on 6 but not
on entrepreneurial bond holdings. Second, CARA over numeraire consumption isolates
the savings problem on the numeraire margin, while the variety-pricing problem
inherits the static risk adjustment from Theorem 1 with absolute risk aversion equal to
the CARA coefficient a. The pricing policy is therefore two-dimensional in (z_;,& 1) —
independent of wealth — which exactly nests the analytic framework of Corollary 3.
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Labor supply, bonds, and budget. Each entrepreneur supplies one unit of labor
inelastically and earns wage income w;. Labor is perfectly mobile between the two
sectors. Entrepreneurs trade a one-period bond at price g; in zero net supply, subject to
a borrowing limit a;; > a. Total resources after production are

W(pis; Bir) = ajr +w; +1(pis; Oip),

and the budget constraint is

1
Coit +L PjtCjitdj +qraire1 = W(pis; 0;t).

Quasilinearity pins the variety bundle from the variety FOC and leaves the residual

budget — net of variety expenditure and savings — to be consumed as numeraire.

Timing. Each period proceeds in three stages:

1. Entrepreneurs enter with bond holdings a;; and observe lagged shocks 6;;_;. Each

tirm posts a price p;;, taking aggregate prices as given.
2. Idiosyncratic shocks 0;; realize. Production and trade occur.

3. Entrepreneurs choose numeraire consumption c,;, variety consumption {c;;},
and bond holdings a;;,.

Aggregate prices are determined in equilibrium to clear all markets.

4.2 Dynamic program

Let s;; = (a;, 0;;_1) denote the individual state. The entrepreneur’s problem has two
stages within each period: a pricing decision before shocks realize, and a consumption-
savings decision after. Because firms commit to supply the quantity demanded at their
posted price, the ex-ante pricing decision must internalize how p;; exposes profits to
the full distribution of realized shocks.

Inner problem (intratemporal allocation and savings). After shocks 6, realize, the en-
trepreneur chooses variety consumption, numeraire consumption, and savings. Quasi-
linearity over the numeraire pins variety demand at the static FOC v, (cj;1, &) = pj,
giving the wealth-independent linear schedule c;j;; = max(a + &j; — bpj;, 0). Variety
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expenditure VE(6;;) therefore depends only on the realized shocks. The remaining
numeraire-savings problem solves

V(Wit; 0;1) = aglg(a [_eXP(_a(Wit —VE(Bit)—QtaitH)) + V(0;) + BIE[V(ﬂitHJ 0::)]|,
where co;; = W;; —VE(0;;) — q; a;441 is residual numeraire consumption and V*(6;;) is the
optimized variety subutility — wealth-independent under quasilinearity. The savings
FOC is solved by an endogenous-grid step (?) on the inverse marginal utility, with the
post-savings marginal utility of resources Vi, (W;6) = a exp(-a cj(W; 0)) inheriting the
CARA exponential structure.

Outer problem (pricing). At the start of the period, before shocks realize, the firm
posts a price that maximizes the expected continuation:

Vi(ajt, 0j1-1) = max IEeit|9it_1[V(Wit(Piti 0it), eit)]' 2)

pit>

The pricing first-order condition is the dynamic analogue of Theorem 1:
Eo,i0,,,| Vw(Wir(pi:031), Bir) - 705(ps 031) | = 0.

The CARA + quasilinear structure delivers a closed form for V},, that we exploit below:
the inner value function inherits the CARA exponential form in total resources ¥V, with

effective absolute risk aversion attenuated by the savings response.

4.3 Savings and effective risk aversion

The pricing first-order condition (2) has the same structure as Theorem 1, with Vj,,
replacing U’. The static decomposition by source (Proposition 1) carries through to the
dynamic environment with the static absolute risk aversion —U”/U’ replaced by the
dynamic effective curvature —Vj,/Vjy. Under CARA + quasilinear preferences, this
dynamic curvature has a closed-form expression in terms of the primitive a and the
equilibrium bond price g: savings substitute partially for pricing as a risk-management
device, attenuating effective risk aversion by the fraction of a wealth shock not absorbed
in the current period.

Proposition 6 (Effective risk aversion with savings under CARA + quasilinear prefer-
ences). Consider preferences (1) with CARA period utility U(cy) = —exp(—acgy), a > 0, over
the numeraire and the quasilinear MO subutility over the variety bundle. Consider the inner
problem in steady state with constant aggregate prices and a bond price q € (0,1), and assume
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the borrowing constraint is slack. Then the inner value function inherits the CARA form in

total resources:
V(W; 8) = —B(6) exp(—aeg W),
with B(0) > 0, and the effective absolute risk aversion with respect to total resources is
aeff = a (1 —q) <a.

Proof. Quasilinearity pins variety consumption independent of wealth, so variety ex-
penditure VE(0) depends only on 6 and the numeraire budget identity reads ¢y =
W —VE(0) — ga’. Make the joint guess

V(W; 0) = -B(0)exp(~ae W), V(a;6_1) = ~D(6_1)exp(~aefta),
with B, D > 0 to be determined. The inner problem becomes
a

V(W;6) = ma}x{—exp(—a(w ~VE(6) - qa’)) + V'(0) - 5(9)exp(—aeffa')},

where V*(0) is the optimal variety-subutility value (independent of ¥V and 4’) and
D(6) := IE[D(G’) | 6]. The first-order condition in a’ is

a q exp(-a(W = VE(6) - qa")) = f aes D(6) exp(~aegra™).

Taking logarithms and rearranging gives a linear-in-)V savings policy,

a"(W;0) = ——— (W - VE(0)) +

ﬁaeffﬁ(e))
Qe + g

lo (
deff + q aq

Substituting into the budget identity gives numeraire consumption linear in WV,

e (W;0) = —<L (W -VE(6)) - —1 log(

Baeff 5(6))
Oeff + g Oeff + g

aq

Applying the envelope theorem to the inner problem and using the first-order condition
(so the da”/dW terms cancel) gives Vi, (W;0) = U’(cy) = a exp(—a cjy). Matching this to
the derivative of the guess, a,.B(0)exp(—aegVV), requires the exponential rates in WV to

coincide:

=Qeff = Qeftag=a < e =0a(l—q).
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Given this value of a.g, substituting c; and the FOC back into the inner problem yields
the closed-form level

/gaeffﬁ(e)]q >0,

B(O) = — exp(aeffVE(G))[ .

1-q
and the additive variety-subutility constant V*(0), being V-independent, contributes
to the level of V but not to its curvature in ¥ and hence does not enter V},, or the
pricing FOC. Finally, since total resources are affine in bond holdings, W = a+ w +
n(p*; 0), the guess factorizes as V(W;0) = —B(0) exp(—ae(w + 10(p*; 0))) - exp(—efi a).
Taking expectations over 0 | 8_; yields V(a;0_1) = —D(0_1) exp(—aega) with D(0_;) :=
E[B(0)exp(—aeg(w + 1 (p*(0_1);0))) | 6_1] > 0, closing the guess. The condition q € (0,1)
ensures aeg € (0, ) and is consistent with the standard precautionary-savings bound
B < g <1 in equilibrium. O

Interpretation. Without savings (q = 0), the entrepreneur consumes everything net of
variety expenditure, and effective risk aversion with respect to W coincides with the
primitive a; with savings, aeg = a(1 — q) attenuates by the fraction of a wealth shock
absorbed in the current period. Combined with Theorem 1 and the CARA closed forms
of Corollary 3, this implies that the static risk adjustment R3¢ rescales uniformly to a
dynamic counterpart RY™ = (1 — ) R*%2t¢. The mapping from primitives to markups in
the dynamic GE model is therefore the static formula of Corollary 3 with « replaced by
a(l—q).

Extension to time-varying q;,. Along an MIT transition path with a time-varying
sequence {q;}, the ansatz V,(W;0) = —B,(0) exp(—aef VW) closes period by period with
ety = (1 — q;), so the dynamic risk-adjustment relation R?yn = (1 - g;) R$%HC holds at
every date.

4.4 Equilibrium

Let ®@;(a, 6_1) denote the cross-sectional distribution of entrepreneurs over bond hold-
ings and lagged shocks at the beginning of period t.

Definition 2 (Stationary equilibrium). The outside good is the numeraire with price nor-
malized to one. A stationary equilibrium consists of aggregate prices (w, q); a value function
V(a, 0_); policy functions p(6_,) and a’(W, 0); variety demand {c;(p;; 0)}; a stationary distri-
bution @ (a, 0_1) over entrepreneurs with total mass one; and labor allocations (Ly, Ly) across
the differentiated and outside sectors such that Ly + Ly = 1. The equilibrium satisfies:
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1. Optimality. V, p, a’, and variety demand solve the entrepreneur’s problem.

2. Labor market. The wage w clears the labor market:
| ®o.etpie-1) 01400, 0-1)+ Lo =1
3. Bond market. Bonds are in zero net supply:
| Eqo.[vovipierol]doi.e. -0

4. Variety markets. For each variety, supply equals aggregate demand.

5. Outside good. Aggregate numeraire consumption equals outside-sector output:
fCoi dd = ALO

6. Stationarity. D is a fixed point of the law of motion that advances (z_y,&_1) under the
Rouwenhorst shock transition and the savings policy, mixing in newborns at rate O equ,:

O = (1 = Odeath) - 7;),(1’ D + Odeatn * Prewborns

where @ypporn(a = 0,2, &) = 7%(z) ¢ (&) places newborns at wealth ag = 0 with shocks
drawn from the ergodic marginals.

By Walras’ law, one of the market clearing conditions is redundant: the outside-good
resource constraint (condition 5) follows automatically from labor-market clearing,
bond-market clearing, variety-market clearing, and the sum of entrepreneur budget

constraints. We hence drop condition 5 when computing the equilibrium numerically.

4.5 From static PE to dynamic GE

The dynamic GE model of this section extends the precautionary pricing theory of Sec-
tion 3 along three dimensions. First, entrepreneurs have access to a savings technology
that partially substitutes for pricing as a risk-management tool. Second, the pricing
decision interacts with general-equilibrium determination of wages, interest rates, and
the wealth distribution. Third, the model generates a stationary wealth distribution

and allows for transition dynamics following uncertainty shocks.

Despite these extensions, the pricing mechanism of Section 3 carries over intact.
The dynamic pricing first-order condition has the same structure as Theorem 1, with
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the static marginal utility U’(WV) replaced by the marginal value of total resources V.
Consequently, Theorem 2, Proposition 1, Proposition 2, and the closed-form corollary
for CARA + linear demand (Corollary 3) continue to apply, provided the primitive risk
aversion « is replaced by its dynamic counterpart a,¢ = a(1 — q) from Proposition 6. In
particular, the decomposition of markup cyclicality by source of uncertainty, the sign
conditions, and the role of cost pass-through all remain valid.

The substantive modification relative to Section 3 is quantitative: savings attenuate
effective risk aversion by the factor (1 —g), so the static risk adjustment R°%1€ rescales
uniformly to RY" = (1 — q) R®tt and the static closed-form corollaries port directly.
The relative strength of the cost and demand channels is preserved: cost uncertainty
still raises markups, demand uncertainty still lowers them, and their ratio is governed

by the same demand-side objects as in the static theory.

This observation motivates our empirical strategy. Because the signs and relative
magnitudes of the uncertainty channels are invariant across the static and dynamic
models, we can test the qualitative predictions of the theory directly in the data with-
out taking a stand on the full dynamic GE structure. Section 5 implements this test
using shift-share measures of industry-specific cost and demand uncertainty. The
structural calibration of the dynamic GE model that maps these reduced-form slopes

into structural primitives is work in progress (Section 6).

5 Testing the Theory’s Predictions: Empirical Evidence

This section tests the qualitative predictions of the precautionary pricing mechanism
developed in Section 3. The theory implies that different sources of uncertainty have
opposing effects on markups: cost uncertainty raises prices, while demand uncertainty
lowers them. These sign predictions hold under strictly concave preferences and for a
broad class of demand systems (Proposition 1). What varies across environments is the

magnitude of the response, not its direction.

We proceed in two steps. First, we describe the data sources and the construction of
shift-share (Bartik-style) measures of industry-specific cost and demand uncertainty.
Second, we estimate industry-level panel regressions of prices on uncertainty. The
structural calibration of the dynamic GE model that maps these reduced-form slopes

into structural primitives is work in progress and is outlined in Section 6.
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5.1 Data

Our empirical analysis combines industry-level price and cost data from the NBER-
CES Manufacturing Industry Database with input-output linkages from the Bureau
of Economic Analysis (BEA) Detail Use Tables. We construct Bartik-style shifters
that measure each industry’s exposure to upstream cost conditions and downstream
demand conditions through its position in the production network. Uncertainty is
measured as the rolling volatility of innovations to these shifters, providing industry-

specific, time-varying measures of cost and demand uncertainty.

Industry prices and costs. We use the NBER-CES Manufacturing Industry Database,
which provides annual data on output prices, input prices, and production character-
istics for 6-digit NAICS manufacturing industries from 1958 to 2018.> We measure
output prices using the shipments price deflator and construct input costs as a weighted
average of materials and energy prices. Although the raw database begins in 1958,
the estimation panel is restricted to years covered by the Bartik IO weights (earliest
BEA detail benchmark: 1972); AR(1) pre-whitening and the three-year rolling variance
window then consume the first four years, so the usable panel starts in 1976. The final
estimation panel covers 335 manufacturing industries (6-digit NAICS) from 1976 to
2018 with 12,795 industry-year observations; see Table 1 below.

Bartik shifters. The theory predicts that the pricing response to uncertainty depends
on industry-specific exposure to cost and demand risk. We construct Bartik-style
shifters from the BEA Benchmark Detail Use Tables. We use all ten benchmark vintages
available at the detail level spanning the usable NBER-CES sample—1972, 1977, 1982,
1987, 1992, 1997, 2002, 2007, 2012, and 2017—and concord them to a common NAICS
2007+ detail IO classification covering 231 manufacturing codes. Pre-NAICS vintages
(1972-1992) use BEA IO codes based on successive revisions of the Standard Industrial
Classification; we bridge each vintage to the 2007+ classification by first mapping its
BEA IO codes to SIC-4 via the sectoring plan published with the benchmark, then chain-
ing SIC-72 — SIC-77 — SIC-87 — NAICS-97 via the Fort-Klimek (Fort and Klimek, 2018)
concordances, and finally mapping NAICS-97 to the 2007+ IO classification via BEA's
official crosswalk. Agriculture (not covered by Fort-Klimek) uses a supplementary
SIC — NAICS bridge constructed from the Census Bureau concordance. The 1997-2017
benchmarks are already on NAICS-based 1O classifications. Between benchmark years
we linearly interpolate the detail-level use shares, yielding time-varying input-output
weights at annual frequency. The estimation sample is restricted to 1972 onwards to

>We use the 2021 vintage, which provides consistent industry definitions based on the 2012 NAICS
classification. See Bartelsman and Gray (1996) for documentation.
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avoid held-flat extrapolation before the earliest benchmark; the first four years are
consumed by AR(1) pre-whitening, the three-year rolling variance, and one-period
lagging of the uncertainty regressor. For each manufacturing industry i and year t, we

compute input-output weights:

ws.gpplier — Uset(j' i) customer _ Uset(i’j)
Jht > Use,(j,i)’ ot > Usey(i, ")

where Use,(j,i) denotes the dollar value of commodity j used by industry i in year ¢,

built by linear interpolation between adjacent benchmark years.

Node-level primitives. To avoid confounding demand (cost) shifters with realised
supply (demand) conditions at counterparty industries, we project each industry’s
node-level shock onto exogenous aggregate primitives before propagating through the
IO network. On the cost side, supplier j’s node-level cost shock is an industry-specific
Bartik over three input-price primitives — non-energy materials, energy, and wages —
with shares given by industry j’s variable-cost composition in NBER-CES:

C]Hf = sharej(ma’c)-AlogPtmat + share;(ener) - Alog P + sharej(wage)-Alogthage.

The NBER-CES mat cost variable is inclusive of energy (as in the 4-factor TFP con-
struction); we therefore use non-energy materials mat cost —energy in the numerator
of share;(mat) so that the three variable-cost shares are disjoint and sum to one, follow-
ing the NBER-CES 5-factor TFP convention. The aggregate primitive series are P
(BLS PPI Industrial Commodities), P (BLS PPI Energy), and th 8¢ (BLS Average
Hourly Earnings, extrapolated pre-1964 via CPI). On the demand side, customer j’s
node-level demand shock is the Bartik projection onto the dominant final-demand

category, personal consumption expenditures:
D}f? = share; ,(PCE)- Alog PCE,,

with share; ,(PCE) the time-t share of commodity j’s total output (intermediate use
plus final demand) that flows to PCE. FD shares are built from all ten BEA detail
benchmark Use tables (1972-2017), with native commodity codes concorded to the
2007+ 1O classification via the same chain used for the supplier/customer weights,
and linearly interpolated to annual frequency between benchmarks. The aggregate
primitive Alog PCE; is the log-growth rate of real aggregate PCE from FRED. Three

choices in this construction are substantive and warrant explanation.

(i) Log-growth rather than log-level aggregates. We use Alog P/" and Alog PCE; rather
than log P/" and log PCE,. Aggregate final-demand and price series have strong secular
trends over the 1958-2018 sample — real PCE grows roughly 3% per year, industrial-
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commodity PPI roughly doubles each decade. AR(1) pre-whitening of first differences
(next paragraph) is designed to remove cyclical persistence in the shifter, not a determin-
istic trend. When the node-level primitive is expressed in log-levels, the resulting shifter
inherits a secular trend that the AR(1) residualization only partially absorbs, leaving
residuals that are a mixture of trend remainder and cyclical innovations. Differencing
the log aggregates before building the shifter places the node-level shock directly in
growth-rate units, so the downstream AR(1) step isolates pure cyclical innovations.
This choice is the single largest reason the firm-level demand channel is identified
cleanly in our preferred specification; using log-level aggregates drives Pqemand toward

zero or the wrong sign, consistent with residualized trend contamination.

(ii) PCE only on the demand side. Personal consumption expenditures is the final-
demand category most closely aligned with the demand-uncertainty object the theory
speaks to: consumption-driven demand volatility that firms cannot cost-minimize
their way around. Investment, exports, and government expenditure move for reasons
that are largely disconnected from the consumer-demand risk the model emphasises.
Empirically, aggregating across all four final-demand categories (PCE + Investment +
Exports + Government) flips the sign of Y34emand because procyclical Investment and
Exports dominate the composite Bartik. We therefore restrict the demand-side primitive
to PCE, which isolates the channel the theory targets and preserves the predicted sign.
Results using the broader final-demand aggregation are reported as a robustness check
in Appendix C.

(iii) NAICS-3 own-sector exclusion. On both sides, the IO-weighted sum below
excludes counterparties j with n3(j) = n3(i) — i.e., we drop supplier and customer
industries in the firm’s own 3-digit NAICS sector. This is the exclusion standard in
the shift-share design of Goldsmith-Pinkham, Sorkin and Swift (2020): it ensures the
Bartik shifter is predetermined with respect to the firm’s own pricing decision, because
a firm’s NAICS-3 sector itself is subject to common latent shocks that would otherwise
bias the identification. Tighter exclusion (NAICS-4 or no exclusion) mechanically loads
more variation and delivers larger y’s, but at the cost of importing the own-sector
contamination the design is meant to purge. The NAICS-3 exclusion is our baseline;
alternative exclusions are reported in Appendix C.

IO propagation. The upstream cost shifter is the IO-weighted average of supplier
node-level cost shocks, excluding suppliers in the firm’s own NAICS-3 sector:

_ supplier ~IN
Cu= ) @it Gl

jinsa(j)=ns(i)
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The downstream demand shifter is constructed symmetrically from customer node-level
demand shocks:

_ § customer FD
Dit —_ @ * Dj;t .

ijt
jins(j)=ns(i)

The exclusion of own NAICS-3 ensures that the shifters capture variation transmitted
through the production network rather than own-industry conditions. Relative to
a standard one-stage Bartik (which would shock the network with counterparties’
realised output or unit cost), the two-stage construction is symmetric on the two
sides and cleaner: both cost and demand shifters inherit only the components of their
counterparties” outcomes that are traceable to exogenous factor-price and final-demand
shocks, purging the demand—supply confound that would otherwise arise from using
realised quantities and prices as shocks.

Uncertainty measures. We construct industry-specific, time-varying measures of
uncertainty from the Bartik shifters. The shifters S;; are constructed from log-growth
primitives and are therefore already in growth-rate (stationary) units. We remove
predictable persistence in each shifter by fitting an AR(1) per IO code in the levels of
the shifter and taking the residual as the innovation,

us it = Sit— s Sis1, S €{C,D}.

Applying AR(1) to AS;; instead would impose a second difference on a shifter that is al-
ready a growth rate, injecting spurious MA structure; levels are the correct specification
given the dlog-primitive construction above. These residuals isolate shifter innovations
relative to information available at # — 1.

Before computing the rolling-window variance, we winsorize the innovations at the
2.5th and 97.5th percentiles (pooled across the panel). The motivation is structural
rather than ad hoc: rolling-window variance is a quadratic-in-residuals object, so a
single outlier observation contributes its squared residual to every window it falls in.
Diagnostically, the raw residual distribution is heavily right-skewed — a handful of
oil-shock and crisis-year observations account for more than 80% of the cross-sectional
variance of u g .- Without winsorization, the rolling-variance series therefore reflects
the timing of a small number of extreme shocks rather than the level of conditional
volatility that the theory’s o2 object is meant to proxy. Winsorization caps the leverage
of these extreme points while preserving the full panel (unlike trimming, which would
drop observations and bias the panel toward tranquil years). The threshold 2.5/97.5 is
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standard in the empirical uncertainty literature; results are qualitatively identical under
1/99 or 5/95 and are reported in Appendix C.

Denoting the winsorized residuals by i ;;, we define uncertainty as the rolling-

window variance,
) _ ~

05 = Var(is,ir-wsts---» s,it), 3)
with W = 3 years and standardize each series by its pooled sample standard deviation
so that the reduced-form slopes below are directly interpretable as the response of
log p to a one-standard-deviation increase in uncertainty. In the regression specification
below we follow the convention of Section 3 and denote the cost-shifter uncertainty

2 a2 2 _ a2

measure 6, ;, = 0¢ ;, and the demand-shifter uncertainty measure 6; ;, = 6y, ;.

The reduced-form slopes Yot and Ygemand recover the model-implied derivatives
dlogp/do; and dlogp/ 80'52 up to two loadings. First, the rolling variance of a Bartik-
shifter innovation is a convolution of innovations to the underlying sectoral unit-cost
and real-output series, weighted by the detail 10 shares; the mapping from 6527 ., to the
variance of the structural shock (77, &) hitting industry i is therefore a quadratic function
of those IO weights rather than an identity. Second, under the dynamic GE model of
Section 4 the static pricing slope is attenuated by 1 — g through the savings channel
(Proposition 6). The structural calibration of the dynamic GE model that absorbs
both loadings into a single closed-form mapping from (Ycost» Ydemand) to the primitive

preferences and demand parameters via Corollary 3 is work in progress (Section 6).

This construction separates second-moment risk from predictable first-moment
movements and yields a proxy for the conditional variance relevant for pricing de-
cisions. The approach is similar in spirit to Jurado, Ludvigson and Ng (2015), who
define uncertainty as the volatility of forecast errors rather than realized outcomes.
Because the Bartik shifters embed predetermined input-output linkages, the resulting
uncertainty measures vary both cross-sectionally—through differences in industry

exposure—and over time—through innovations to costs and demand.

Unlike aggregate proxies such as oil price volatility or sentiment indices, these
measures capture heterogeneous uncertainty exposure across industries arising from
their position in the production network. Figure 4 plots the aggregate Bartik uncertainty
measures over time. Both cost and demand uncertainty spike during well-known crises,
including the 1970s and early-1980s oil shocks and the 2008-09 financial crisis.
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Figure 4: Aggregate Bartik Uncertainty Over Time

= Cost Uncertainty
== Demand Uncertainty

Uncertainty measures &; (standardized)

1975 1980 1985 1990 1995 2000 2005 2010 2015

Notes: Value-weighted average of industry-specific Bartik uncertainty measures (rolling variance of
AR(1) residuals, W = 3). Gray bands indicate NBER recession dates.

Summary statistics. After concordance, matching to NBER-CES, and the NAICS-
3 own-sector exclusion in the Bartik construction, the panel retains 209 of the 231
manufacturing detail IO codes, which we match to 335 NAICS-6 industries over 1976—
2018, yielding 12,795 industry-year observations. Table 1 reports summary statistics.
There is substantial cross-industry heterogeneity in both cost and demand uncertainty,
driven by differences in IO linkages.

Table 1: Summary Statistics

Variable Mean SD P10 P50 P90
Log price -0.3303 0.4872 -0.8510 -0.3052 0.0315
Cost uncertainty 0.0254 1.0021 -0.6249 -0.4150 1.5744
Demand uncertainty 0.0695 1.0801 -0.4154 -0.3773 1.0497
Upstream cost level -0.3980 0.2850 -0.8117 -0.3307 -0.0798
Downstream demand level 3.0206 2.6775 0.0698 2.3157 7.0868
Industries (NAICS-6) 335

IO codes 209

Years 1976-2018

Observations 12,795

Notes: Panel of manufacturing industries from NBER-CES. Uncertainty measures are Bartik shift-share
(detail IO weights x I0-code AR(1) innovations, winsorized at 2.5/97.5, rolling variance with window
W = 3), z-scored by the pooled in-sample standard deviation. Level controls are IO-weighted log
upstream cost and log downstream demand, with own NAICS-3 excluded. All regressors enter the main
regression lagged one year.
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5.2 Panel Evidence

Our main specification relates industry-level log prices to lagged uncertainty (in vari-

ance units) and lagged level controls:

A2 A2
logpis = Veost Oy,it—1 T Vdemand 9¢ j1—1 BcCit1+PBpDii1+ai+ei 4)

Here, 7., | and 6521' ,_1 are the lagged rolling-window variance measures defined in

2

1,i,t—
equation (3) (using the identification y = C, £ = D), C; ;_; and D; ;_; denote the lagged
levels of the Bartik cost and demand shifters, and «; are industry fixed effects. Because
the regressor is in variance units, the estimated slopes y.ost and Ygemand match the

functional form of dlog p/do? in Proposition 1.

Uncertainty is lagged to match the model’s timing: firms set prices before shocks are
realized, so pricing depends on the conditional variance known at the time of decision.
Lagging also mitigates mechanical contemporaneous feedback between prices and
realized shocks.

We include lagged Bartik levels C; ;_; and D;; 1 as controls because prices respond
to both the level and the volatility of cost and demand conditions. Because level and
volatility measures are constructed from the same underlying shocks, omitting level
controls would conflate first-moment pass-through with second-moment effects. By
partialling out responses to cost and demand levels, we ensure that Y.ost and ¥qemand

isolate the precautionary pricing channel.

This specification is a direct empirical analogue of Proposition 1, which shows that
optimal prices respond linearly to uncertainty. The theory predicts y o5 > 0: when
cost uncertainty rises, firms raise prices to limit exposure to high-cost realizations; and
Ydemand < 0: when demand uncertainty rises, firms lower prices to reduce exposure
to weak demand realizations. Under risk neutrality, prices respond only to cost and

demand levels, with no additional response to volatility, implying ¥¢ost = ¥demand = O-

Identification exploits the Bartik structure in the sense of Goldsmith-Pinkham,
Sorkin and Swift (2020). Input-output weights are taken from the ten BEA benchmark
detail tables (1972-2017) concorded to a common NAICS 2007+ classification and
linearly interpolated between benchmark years; they move slowly, primarily reflecting
long-run shifts in the production network rather than short-run pricing conditions.
Shocks are constructed at a coarser NAICS-3 level to ensure reliable aggregates for unit
cost and output; finer classifications yield noisy series due to thin cells. Cross-sectional
variation in the shifters comes from the detail IO weights, which differ across industries
even within the same NAICS-3 sector. Own-sector shocks are excluded, ensuring that
the shifters are predetermined with respect to the industry’s own pricing decisions.

Because the Bartik measures combine cross-sectional variation in IO exposure with
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time-series variation in sectoral shocks, year fixed effects would absorb the common
shock component and leave only cross-sectional differences in weights for identification;
we omit them in the baseline to exploit both sources of variation.

Table 2 presents the results. Both coefficients have the predicted signs and are highly
significant: Y., = 0.058™ (SE 0.006) and Ygemand =-0.061"* (SE 0.012). Standard
errors are exposure-robust in the sense of Borusyak, Hull and Jaravel (2022), clustered
at the IO code (the unit at which the underlying shocks are defined) for the levels
columns; first-difference columns instead report two-way clustering by IO code x
yeat, because differencing amplifies within-year common shocks and strains the single-
IO-code independence assumption. First-stage partial F-statistics for the cost-level
and demand-level instruments are 1,461 and 701, respectively, so weak-instrument
concerns are immaterial. The sign pattern is robust to alternative specifications in
columns (1)—(5), including variants with year fixed effects. In one-standard-deviation
units, the baseline pooled 2SLS coefficients imply that a 1-SD increase in cost uncertainty
raises prices by = 5.8% while a 1-SD increase in demand uncertainty lowers prices by
~ 6.6%. We read the baseline in column (3) as joint evidence that both channels are
operating: cost uncertainty raises prices and demand uncertainty lowers them, with

the demand channel quantitatively larger in magnitude (standardized units).

Table 2: Main Reduced-Form Results: Uncertainty and Prices

(0] @ ®G) O] ®) (6) @)

Costonly Demand only Baseline +Industry FE FD baseline OLS pooled OLS FD
(OLS) (OLS) (2SLS) (2SLS) (2SLS)
Dependent variable: log p;; (cols 14, 6), Alog p;; (cols 5, 7)
Cost uncertainty (ycost) 0.0548*** 0.0578*** 0.0338*** 0.0018 0.0617*** -0.0009
(0.0071) (0.0059) (0.0056) (0.0067) (0.0075) (0.0054)
Implied 1-SD Alogp [5.495%] [5.795%] [3.092%] [0.125%] [6.187%] [-0.061%]
Demand uncertainty (¥demand) —0.0443*** —0.0613*** -0.0300%** -0.0025 —0.0521*** -0.0028
(0.0110) (0.0121) (0.0099) (0.0054) (0.0110) (0.0036)
Implied 1-SD Alogp [-4.788%] [-6.618%] [-2.705%] [-0.208%] [-5.623%] [-0.234%]
Cost level (B¢) 0.6459*** 0.5538*** 0.5816*** 1.2290*** 0.7593*** 0.6166*** 0.2127***
(0.0435) (0.0502) (0.0716) (0.0637) (0.1725) (0.0452) (0.0731)
Demand level (8p) -0.0028 0.0050 0.0129 0.0206 0.0261 0.0047 0.0146***
(0.0069) (0.0070) (0.0096) (0.0270) (0.0687) (0.0067) (0.0047)
Industry FE No No No Yes (differenced) No (differenced)
Year FE No No No No No No No
Observations 12,795 12,795 12,649 12,649 12,322 12,795 12,460
R? 0.129 0.126 0.140 0.041
Estimator OLS OLS 25LS 25LS 25LS OLS OLS
Predicted sign (y) (+) (-)

Notes: Column (3) is the baseline: pooled 2SLS (no industry FE) with Bartik level controls C,D in-
strumented by their 1972-benchmark-weight analogs; the uncertainty regressors are predetermined by
construction (AR(1) forecast errors, one-period lagged) and enter as their own instruments. Pooled
identification exploits both cross-industry differences in persistent risk exposure and within-industry
time variation in o'2; the 1972-weight IVs absorb confounding from time-invariant industry traits. Stars
on y rows denote one-sided significance in the direction predicted by the model (¥cost > 0, ¥demand < 0):
*p <0.10, ** p < 0.05, *** p < 0.01. Stars on S rows (level controls) denote two-sided significance at the
conventional thresholds.
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6 Identification and Calibration

This section will report the structural calibration of the dynamic GE model once the
empirical-side identification is settled. The CARA + quasilinear + linear-MO structure
delivers a closed-form mapping from the reduced-form coefficients (Pcost» Ydemand) t0
the structural primitives («a,a,b) via Corollary 3, providing one identification route;
additional moment conditions and a full simulated method of moments exercise are
work in progress. The calibrated parameter values, the discussion of empirical fit, and

any auxiliary moment targets will appear in a subsequent draft.

7 Quantitative Results

The quantitative exercises based on the calibrated dynamic GE model — mirror impulse
responses to cost- and demand-uncertainty shocks, the welfare cost of uncertainty
(consumption-equivalent variation), the historical decomposition of markup cyclicality
(1976-2018), sensitivity analysis, and the insurance-ladder comparison — are work in

progress and will appear in a subsequent draft.

8 Conclusion

This paper develops a theory of pricing under risk that provides a unified framework
for understanding markup behavior over the business cycle. By modeling firms that
set prices ex ante under uncertainty and are owned by risk-averse agents, the analy-
sis shows how markups arise endogenously as part of firm’s precautionary pricing
responses to uncertainty in costs and demand. A central implication is that markup
cyclicality is not a primitive feature of the economy, but an equilibrium outcome deter-
mined by the composition of risks firms face.

The theory delivers sharp and intuitive predictions: different sources of uncertainty
distort pricing incentives in systematically different—and sometimes opposite—ways,
even when overall uncertainty is similar. As a result, economies with different risk
structures can exhibit markedly different markup dynamics. Empirical evidence from
U.S. manufacturing supports these predictions, showing that prices respond differently

to cost and demand uncertainty in a manner consistent with the theory.

Beyond explaining observed markup dynamics, the analysis highlights a pricing
channel through which uncertainty and risk exposure shape the transmission of ag-
gregate shocks. Understanding how firms price under risk is therefore essential for

interpreting markup movements and their implications for macroeconomic dynamics.
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A Microfoundations for Price Commitment

The baseline model assumes that firms commit to prices before observing demand and
cost shocks. This appendix provides a microfoundation for both price commitment and
demand uncertainty based on directed search. Cost uncertainty—arising from input

price risk—is standard in pricing models and is therefore taken as primitive.

A.1 Environment

Time is discrete. In each period, a unit mass of buyers and a unit mass of sellers
participate in a market for a homogeneous good. Each buyer demands at most one
unit and has valuation v, drawn i.i.d. from a distribution F with support [v,v] and

continuous density f. Buyers observe their valuations prior to search.

Each seller produces output using one unit of an intermediate input per unit of

output. The input is purchased in a competitive spot market at price
K+1,

where £ > 0 and # is a mean-zero cost shock realized after output prices are posted.
This captures environments in which firms commit to prices before upstream markets

clear (e.g., catalog pricing prior to the realization of energy or commodity prices).

Sellers are risk-averse entrepreneurs with CARA preferences
U(m) = —exp(-am),

where a > 0.
The timing within period is as follows:
1. Sellers simultaneously post prices.
2. Buyers observe all posted prices and direct their search toward sellers.
3. Each buyer visits exactly one seller.
4. Input prices & + 7] are realized.

5. Trade occurs at posted prices; sellers produce and deliver.

Thus, prices are set before sellers know either how many buyers will arrive or the

realization of input costs.
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A.2 Buyer Search and Demand

Consider a seller posting price p. In a symmetric directed-search equilibrium, buyers
randomize across sellers posting the same price. Let A(p) denote the expected number
of buyers visiting a seller that posts price p. Standard directed search arguments imply
that A(p) is decreasing in p, reflecting the fact that higher prices attract fewer buyers.

We assume
A(p) <.

Given a unit mass of buyers and independent search decisions, the realized number of

arrivals n at a seller posting price p follows a Poisson distribution:
n ~ Poisson(A(p)).

Each arriving buyer purchases one unit, so realized output equals arrivals:

y=1.

A.3 Seller Profits and Risk Decomposition

A seller posting price p earns profits

n(p;n,n) =(p—K-n)n.

Taking expectations over arrivals and cost shocks (which are independent),

Writing realized demand as the sum of its mean and a deviation:
n=Ap)+s,  &i=n-Ap)
where E[£] = 0 and, under the Poisson specification,

Var(¢) = A(p).
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Substituting yields

n(p;&,n) = (p—&—n)[Ap)+£&]
=(p-®)AMp)+(p-%)E—Ap)n —né.

deterministic stochastic

This expression coincides with the profit representation in Section 2, with expected
demand y(p) = A(p). Demand uncertainty arises endogenously from buyer arrival risk,

while cost uncertainty originates from spot-market input prices.

If expected arrivals are linear in price,
A(p) =a—bp, a,b>0,
then profits reduce to

n(p;&,n) =(p—K)a-bp+&)—(a—bp+&),

which matches exactly the profit function analyzed in Section 2 without demand-

elasticity risk.

A.4 Optimal Pricing

The seller chooses p to maximize expected utility prior to observing & or #:

max E¢ , [-exp(-amn(p; &, n))].

p>0
This is precisely the pricing problem studied in Section 2. All those results carry
over: cost uncertainty raises optimal prices, demand uncertainty lowers them, and the
cyclicality of markups depends on the relative importance of these two sources of risk.

2

Under the Poisson specification, demand variance satisfies o7 = A(p), so demand

risk is increasing in expected sales. Evaluated at the risk-neutral optimum,

a—br
2

07 = Mprn) = a— bppn =

Time variation in demand uncertainty can therefore arise from fluctuations in the mass
of active buyers or in search intensity, while time variation in cost uncertainty reflects

volatility in input markets.
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B Omitted Proofs

B.1 Proof of Theorem 1
Theorem 1 (Optimal pricing under cost and demand uncertainty). Suppose that:

Al. U : R — Ris twice continuously differentiable, strictly increasing, and strictly concave.

A2. For almost all 6, D(-;0) is twice continuously differentiable with D,(p;0) < 0 for all
p >0, and C(-;0) is twice continuously differentiable with C,(y;6) > 0 for all y > 0.

A3. For almost all 0, the profit function p — 1(p;0) is strictly concave on (0, o).

A4. There exists an open interval I C (0, c0) and an integrable function M(0) such that, for
allpel,

|U(w(8) +7(p;0))| <M(6)  and  |U’'(w(6)+7(p;0)) m,(p; )] < M(8).
Ab5. There exists 0 < p <p < oo with [p,p] C I such that
Eo|U’(w(8)+7(p;6)) 7,(p;0)| >0, Eg|U'(w(6)+7(p;0)) m,(p;6)| < 0.
Then there exists a unique optimal price p* € (p, p) characterized by
Eo|U'(w(8) +7(p;0)) my(p7;0)] = 0,
where

70,(p;0) = p(p; 0) + [p ~ MC(p; 0) |1, (p;6),  MC(p;0) :=C,(D(p; 60);6).

Proof. Define the objective function F(p) := Eg[U(w(0) + 1t(p;0))]. By A3, profits are
strictly concave in price almost surely with respect to 6. By Al, utility is strictly
increasing and strictly concave, implying that p — U(w(0) + 7t(p; 0)) is strictly concave
almost surely. Hence, F is strictly concave. By A4 and the dominated convergence
theorem, differentiation under the expectation is valid, and forall p € I,

F'(p) = Eo| U'(w(8) + (p; 0) )y (p; 0)]

By A5, F'(p) > 0 and F’(p) < 0 for some 0 < p < p with [p,p] C I. Continuity of F’
on [p, p] implies the existence of p* € (p,p) such that F’(p*) = 0. Strict concavity of F
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guarantees uniqueness. Finally, by A2 and the chain rule,
70,(p;0) = D(p; 0) + [p — C,(D(p; 0);0)| D,y (p; 0) = 1(p; 6) + [p ~ MC(p; 0) |y, (p; 6),

where MC(p; 6) := C,(D(p; 0);0). O

B.2 Proof of Theorem 2

Theorem 2 (Local pricing formula around the risk-neutral price). Suppose the assumptions
of Theorem 1 hold. Let the risk-neutral price pry be the unique interior maximizer of expected
profits, characterized by

Eg[m,(prn;0)] =0, Eg[my,(pry; 6)] < 0.
In addition, assume:
A6. Profits have finite fourth moments uniformly in a neighborhood of pry:

sup  Eg[ln(p; 0)*] < co.
pEN (prN)

A7. The mapping p — Eg[1t(p; 0)] is twice continuously differentiable on N (prn).

AS8. Preferences belong to a one-parameter family {U,},>o with Uy(W) =W and absolute

risk aversion

where A : R — R, is continuously differentiable.

Define benchmark objects evaluated at pry as

WRN(O) := w(0) + Tt(prN; 0), nirN(0) := T (prN; 6),
705, RN(O) := 0, (PRN; O), Yp,RN(6) = 1, (PRN; O)-

Then, for sufficiently small «, the optimal price p(a) under preferences U, satisfies

p(a) = pry + aR +O0(a?) + a - oz -o(1),
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where the first-order risk adjustment admits the covariance representation

Z . COVg(T(RN, T(p,RN) COVg (A(WRN): T(RNT(p,RN)
+
Eg[yp,rN] Eg[yp,rN]

s

R=¢

pure risk term wealth-effects term
with Z = IEQ[A(WRN)]
Proof. For a > 0, define the expected-utility objective

V(p,a) = Eg|Ug(w(6) + m(p; 0))]

and its first-order condition

F(p, ) = Eg[ U, (w(6) + 7(p; 0) )11, (p; 0)].

By Theorem 1 applied to U, and assumptions A6—AS, the optimal price p(«) is the
unique interior solution to F(p,a) = 0. At a = 0, we have Uy()V) = W and hence
Uy(W) = 1. Therefore, F(p,0) = Eg[1,(p; 6)], and the risk-neutral price pry satisfies

F(prn, 0) = Eg[7,(p; 6)] = 0.

By assumptions A6—A8 and dominated convergence, differentiation under the expecta-
tion is valid in a neighborhood of (prn, 0). Hence, F,(p,0) = Eg[m,,(p; 0)] so that

Fp(PRN;O) = IEG[T(pp(pRN;e)] <0.

To compute F,(prn;,0), note that

Fo(p,@) = B[ 0 U (w(6) + 7(p; 0) )1, (p; 6)].
Under assumption A8, absolute risk aversion satisfies

Us, W) _
- Toon) aA(W).

Integrating this ODE and normalizing U/ (W/,) = 1 at the reference point W, = w(0)

gives the exact expression

w w
U,(w)= exp(—a J;v A(s)ds) =l-a JW A(s)ds +O(a?),
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uniformly in YV on any bounded interval (since A is continuous by A8). Evaluating at
W =w(0)+7(p;0),

o Us(w(6) +7(p; 0))

a=0

w(0)+7(p;0)
= —J A(s)ds.
w(0)

By the mean-value theorem for integrals there exists £(6) between w(0) and w(0) +
7t(p; 0) such that the above equals —A(&(0)) 7t(p; 0). Because A is continuously differen-
tiable (A8), A(£(0)) = A(w(0) + 1(p; 0)) + O(m(p; 0)) along any sample path, so

I Us(w(60)+7(p; 0))

o= ~A(w(6) +7t(p; ) )m(p; 0) + 7(6),

where the residual (8) is of order 7t(p; 0)? and vanishes identically in the CARA case
A = const. Multiplying by 7t,(p; 6) and taking expectations, the residual contribution
enters the implicit-function-theorem calculation below at order a - O(||6|?), which is
subsumed in the O(a?) + 0(||6]|?) remainder of the statement. For the CARA specialisa-
tion of Section 3.4 (where A = acara is constant) the displayed formula below is exact
in the first-order-in-a expansion; under variable-A preferences (CRRA and the like) it
is the leading-order approximation in both «a and the shock scale. Therefore,

Fo(prN, 0) = ~Eg[AWVRN) RN TG, RN ),

where Wrn(0) = w(0) + t(pry; ), Tirn(0) = 7t (pri; 0), and 70, rN(0) = 70, (pri; 6).

A first-order Taylor expansion of F around (pry;, 0) yields

0= F(p(a),a) = F(prn, 0) + F,(prN, 0) [p(a PRN]+Fa(PRN;0)06+O(6¥2)-

Since F(prn,0) = 0, rearranging gives

(PR 0) [p(@) = pr] = —aF 4 (pry, 0) + O(a?).

Assumption A7 implies F,(pgrn, 0) # 0. Dividing both sides by F,(prn;, 0) gives

3 _Fa(prn, 0) 2
p(a) = prn a—Pp(pRN,O) +0(a”).
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Finally note that

—F,(prn, 0) = Eg[A

since Eg[7, rn] = 0.

Substituting yields the desired covariance representation. Finally, express the local
price adjustment in terms of pass-through. By definition of cost pass-through and
the risk-neutral first-order conditon, Eg[7,(prn(¥);0,%)] = 0. The implicit function
theorem gives

_ Oprn _Ee[ﬂpz,RN] _ Egly,rn]
Jx IEG[T(pp,RN] IEO[TCpp,RN],

where the last equality follows from how the cost shifter enters profits. It follows that

Ep[yp,rN]
Fy(prn, 0) = Eg[71,prN] = Tf:

which gives the desired result. O

B.3 Proof of Proposition 1

Proposition 1 (Decomposition of the pure risk adjustment term by source). Let 6 =
(1, &,9) collect a marginal-cost shifter 11, a demand-level shifter &, and a demand-elasticity
shifter 1. Suppose the assumptions of Theorem 2 hold. In addition, assume:

A9. Shocks have mean zero, are mutually independent, and have finite fourth moments.

A10. For each p in a neighborhood of pry, the mapping 6 +— 1t(p; 0) is three times continuously
differentiable in a neighborhood of 6 = 0.

Let ak2 = Var(6y) and ¥ = Var(0). Let R denote the risk adjustment from Theorem 2, and write
R = Riisk + Rwealths

where R, is the pure-risk component.
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For k,1 € {n, &, 1}, define the following exposures, evaluated at (p, 0) = (prn, 0):
T 1= akﬂ, npk = akT(p, T = aleI, T(p,kl = aklﬂp.
Then the pure-risk component admits the first-order expansion

Risk =RW(07)+ R} +  RWiog)  +o(IZl),

N —— —— ———
cost risk demand-level risk demand-elasticity risk

where

— T Tk
RO =0 g 1%
p,

At the next order in ¥ the covariance picks up cross-risk interaction contributions

A T Ty ki
——pakzalz, k=1,
2 Eg[y,rN]

with A := Eg[AWgn)] and || - || any matrix norm.

Proof. Fix p = prn- By assumption A10, the mappings 6 + 7(prn;, 0) and 8 1, (pru;, 0)
are three times continuously differentiable in a neighborhood of 8 = 0. A second-order

Taylor expansion yields
7(prN; 6) = 1(prN; 0 Zﬂk9k+ Zﬂk19k91+0 (1),

70, (PrN; ) = 10, (PRI 0 Zﬂpk9k+ 5 Zﬂp k16k0; +o(|1]),

where all derivatives are evaluated at (p, 0) = (prn,0) and k,1 € {1, &, ).

From Theorem 2, the pure-risk component of the risk adjustment is

A-Covg(m, 1
PR, [¥p,rN]

) —
Riisk = =, A=Ee[AVrN))
By definition,

Cove(TRN, Ty RN) = IE[(T(RN - IE[T(RN])(T(p,RN - IE[ﬂp,RN])]-
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Under assumption A9 (mean zero, mutually independent shocks with finite fourth
moments), the Taylor expansions imply

E[nrn] = 7(pru; 0) + % ;ﬂkklE[sz] +o(|IZ]]),

1
E[rtp,rn] = 705 (Pr: 0) + 5 ) i E67] + 0 ([I21).
k
Hence,

RN — E[mtrn] = Zﬂka + % anlekel + % Zﬂkk (67 —E[67]) +o(lI611)
p k7] k

and an analogous expression holds for 7, gn — E[77, rN -

Expanding the product inside the covariance, the linear-linear term yields
ok E[07] = ) o)
kTlpk k k7t pk O -
k k

All linear-quadratic terms are cubic in the shocks and therefore vanish by mean zero

and independence. The off-diagonal quadratic-quadratic terms yield
1Y rmumpuiolo?
2kl k1T p, k1O OF -
<

All remaining contributions—arising from the centered diagonal quadratic terms and
Taylor remainders—are of order at most ||2||> and are absorbed into o (||)Z||2). Collecting

terms,
1
Covg(TrN, Ttp,RN) = Zﬁkﬂpk(sz t5 Zﬂklﬂp,kz(szﬁzz +0 (||2||2)-
k k<l
Multiplying by (pZ/IEe[yp,RN] yields the stated expression for R . O

B.4 Proof of Proposition 2

Proposition 2 (Sufficient conditions to sign each risk source in pure-risk component).
Let 6 = (1,&,), where 1 is a marginal cost shifter, £ is a demand-level shifter, and 1 is a
demand-elasticity shifter. Suppose the assumptions of Proposition 1 hold, and that

lEe[ﬂpp(PRNle)] <0.
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Define the second-order pure-risk contribution of source k € {1, &, } to the price adjustment by

(k) kl
Rrisk : ZR O~k O-l

l2k

where R and R are defined in Proposition 1.

Assume that, locally at (p,0) = (prn, 0), the following exposure conditions hold:

7, <0, T(P77>0; g >0, 7(,,520; n¢<0, np¢<0.

1

Assume further that interactions involving demand shifters do not overturn these signs, in the

sense that
Tg Mg 20 forall 1€, Ty Tip,p1 2 0 forall 1= 4.

Then, to second order in uncertainty:

1. Cost-uncertainty raises prices provided the interaction contributions from demand shocks

are not too large: there exist thresholds Eé( 1,%) Ulp( 2) > 0 such that R( )k > 0 whenever

052 < 5(25( IP) and 0 < 05)( 2); equivalently, in the small-noise scaling ¥ = X the

conclusion holds for all sufficiently small .

(€)

2. Demand-level uncertainty lowers prices: R

< 0, with strict inequality if 1t,¢ > 0.

W) <.

3. Demand-elasticity uncertainty lowers prices: R,

Proof. By Proposition 1, the pure-risk component admits the leading-order expansion

Resk= Y _ R®(@)+) R¥(ala?)+o(IZI),

ke{n, &} k<l

where the sourcewise contributions R(k)(akz) are the first-order pure-risk channels of
Proposition 1, and the cross-risk interaction terms R(kl)(akzaf) are of order O(||Z||?)
(defined in the same proposition). Explicitly,

A TkTC ki
P of, k=l

— T(kTCpk -~ 02
2 Eglypra] * '

R(k)(akz) = QA- WPRN]J"Z' R(kl)(dk o] )
with @, A >0, and Eg[yp,rn] < 0. All derivatives are evaluated at (p,6) = (prn, 0). The
o(||X||) remainder absorbs all higher-order contributions, including the centered-quartic
and third-derivative corrections discussed after Proposition 1. Under any small-noise
scaling ¥ = ¢X, with ¢ — 0, the R channels are O(e2) and the R*) interactions
are O(e*), so the latter do not overturn the signs established below in the limit; the

64



“interactions not too large” condition in the statement is the finite-¢ analogue of this

asymptotic dominance.

By definition,

K _ PA

Hsk — m 1.7 T(kTCkak2 + l ZTCle(p’lekZO'lz .
Eg[yp,rN] 4

12k

Demand-level risk. For k = &, the assumed sign restrictions imply mg7,c > 0. By
the interaction assumption, SITpel 2 0 for all I # &, so every interaction contribution
entering R(rii)k is weakly nonnegative. Hence the bracketed term is strictly positive for
052 > 0. Since @, A > 0 and Eg[yprN] <0, RE) <0.1f Tpe > 0, the inequality is strict.

risk =

Demand-elasticity risk. For k = 1, the assumed sign restrictions imply 7,7,y > 0.
®)

The interaction assumption again implies all interaction terms entering R ;|

are weakly
nonnegative, so the bracketed term is strictly positive for o*i > 0. Since ¢, A >0 and

Eg[yp,rN] < 0, we obtain RW) <.

risk

Cost risk. For k = 17, the assumed sign restrictions imply 7, 7, <0, so the leading

term in the bracket is strictly negative. Interaction terms take the form

1 2
4 Z”*ﬂ"r’ﬂvl 9
I#n

which is O(||X||) in the variances of the other shocks. Hence there exists 62#)(052) > 0 such

that whenever olf) < Elzp the negative leading term dominates and the entire bracket

remains negative. Since ¢, A > 0 and Eg[yp,rn] < 0, this implies Ri‘?s)k > 0 for all such
G;}. [l
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B.5 Proof of Proposition 3

Proposition 3 (Markup cyclicality). Suppose the assumptions of Theorem 2 hold period by

period for each firm i, and let the distribution of shocks vary over time through uncertainty

parameters o2 = (0'172 i 0‘52 i a¢ i+)- Then, for sufficiently small a,

aR't 2 2 2112
Cov(pir, vir) = Cov(pir RN, Vit) + = P > x Cov(og;,,vit) +O0(a”) + O(a||Aa/]%).
' ke(n, &) O it N
— cyclicality of risk k
markup sensitivity
to risk k

Proof. By Theorem 2, the optimal price in period ¢ admits the expansion

pit(a) = pirrN + @R (07 )+O( )

where R;;(0) depends smoothly on the vector of uncertainty parameters. Dividing by
the f1rm-spec1f1c time-invariant deterministic marginal-cost scale %; > 0 yields

(04
pir(@) = pir RN + %Rit((fﬁ) +0(a?),

1

where p;; rN = pirrn/ K. Since ¥; is time-invariant per firm, it factors out of any

time-series covariance Cov(+,y;;) as a scalar.

Taking the covariance with output y;; and using the bilinearity of covaraince,

a
Cov(pit, yir) = Cov{pinrn Vir) + = Cov(Rir(07}),9it ) + Ola®).

1t

Since R;;(0?) is continuously differentiable in the uncertainty parameters, a first-order

Taylor expansion around the mean uncertainty vector implies

Rin(0]) =R(@})+ ) (02~ Tp )+ Olllo ~T21).

The constant term drops out of the covariance, yielding

IR,
Cov(Ri(07),9it) = ) _——at| Cov(ag;, i) +Ollog; ~o717).
k. 9%kitlz?
Substituting delivers the desired expression. O
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B.6 Proof of Proposition 4

Proposition 4 (Sectoral markups and sectoral markup cyclicality). Suppose the assump-
tions of Theorem 2 hold period by period for each firm i. Then, for sufficiently small a,

2 1 Rz( %)
p = ”?tSY?VN + a(ﬂ?tS}QVN) L+ O(a?).

COV(P[?tSW:yst) COV(/"stRN'yst +0‘ //l?ts‘l/{vN —

ieZ, Ritkio kel )

Proof. By Proposition 3, firm-level markups are

o
pir(a) = piy RN+ E—,Rit(aﬁ) + 0(32)-

1t

Fix a sector s and a period t. Using the definition of the sectoral markup,

= Z“)' 2
ieT,, ﬂztRN"'* th(a )

Zwltﬂ — e ) wi +0(a?),

i€l i€ly lfyltRN

where the last line follows from using the first-order identity (x + &)™! = x™1 —ex72,

where x = pj; gy and € = aR ;.

Doing a first-order inversion and using the definition of sectoral markup yields

hsw _  hsw hsw 1t zt 2
Hst :ustRN+a l‘stRN szt_ +O(a”).
ieZ, thztRN

We now derive the cyclicality expression. Under the price-commitment setup
of Assumption A0, the weights w;; are constructed from p;; and the pre-realization
output v;; = D(p;;6;;) projected onto F; pre. similarly %;; = E[x;; | ]-"ifre] and pj;rN
are ﬁfre-measurable. Stack these pre-period objects into the weight vector wy, =
(w;i/ (K4 Mzzt,RN))iEIsz’ which is ]-"Slfre-measurable.

Linearize in the uncertainty parameters. Write o7 = 6 + Ao, where &7 = E[o7,
F5™] denotes the pre-period-conditional mean. A first—order Taylor expansion of R,
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around &7, gives

873”

Rir(of) =Ru(d7)+ ) -Aag,+OlAa?),

ke, & p) O

where the partials are evaluated at 5% and are themselves FY-measurable. Substitut-

ing into the sectoral-markup expansion and taking covariance with v,

Cov(ip™, psr) = Cov(uiRn ¥sr) + a( iR Cov[ Zwm it Ao, yst]+0< 2)+O(lAc?|).

lEISt k it

The term R;;(6?) is }"Sfre-measurable and so contributes to Cov( y?ff{N, ;) rather than

the risk-induced covariance. By the law of total covariance, splitting into the con-
ditional component and the component through FY variation and using the F; pre.

measurability of wy; and JR;;/ 8(7,(2’ ipr

COV[ Zwstl Z lt — Ao k it’ yst) - Zwstl Z lt COV(szltfyst) Rw:
kzt

k,it

where the residual R, collects covariance terms generated by cross-t variation in the
pre-period-measurable weights wy; ; and partials JR;;/ aa,g ;- Two regimes suppress R,
to the stated remainder order: (i) a small-a, small-shock asymptotic (, ||Aa?||) — (0,0),
under which R, is O(a||Ac?||?) and falls into the remainder; (ii) a stationary-weights
assumption that the cross-sectional distribution of (w;;, X, it rN) i constant in ¢, so
that wg, ; has no time-series variation and R,, = 0 exactly. Either regime yields the

stated cyclicality expression. O

B.7 Proof of Proposition 5

Proposition 5 (Ex-ante / ex-post aggregation equivalence). Under the assumptions
of Theorem 1 (including Assumption A0, price commitment), with K;; = E[x;; | ]—"lf re], the
continuum-firm harmonic sales-weighted aggregate satisfies s = ule.

Proof. Write the cost decomposition as «;; = k;; + #7;; with [E[r;; | F. .pre] =0, and suppose
additionally that the #;; are conditionally 1ndependent across firms given {F; P with
uniformly bounded second moments, sup; E[#% | % it ] < 0. The harmonic sales-
weighted aggregate expands as

1 _intKit/pitdl f}’thzt/Pztdl jyltﬂzt/pztdl
PP [viedi [yiedi
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Under Assumption AQ both y;; and p;; are ]—"ifre-measurable, so the integrand v;;1;;/pi;
has conditional mean zero given };fre. Applying a cross-sectional law of large numbers
(for conditionally-independent sequences with uniformly bounded second moments)

to the continuum of firms gives

intmt/pitdi = J%m[mtu-;fre]di =0 (as.).
1t

Therefore

1 fyitEit/pitdi 1 1
= = Zwit—

hsw,ep T -~ hsw, ea’
st jyltdl Hit Hst

, €p hsw, ea

. . . . h;
using wj; = Pit?it/jpjtyjtd] and p;; = p;;/%;;- This establishes .”stsw = Hst

For a finite sample of Ny, firms, under conditional independence of #;; across i with
uniformly bounded variance and uniformly bounded v;,/p;;, the residual NLst Y i Vit Nit/ Pit
is O, (1/vNy;) by the central limit theorem, yielding the stated finite-sample approxima-

tion.

The proof uses four ingredients: the mean-zero property of #;; (standard decompo-
sition of «); the ]—"lf re—measurabili’cy of y;; and p;; (price commitment, Assumption A0);
conditional independence of #;; across firms; and the LLN-consistent continuum-firm
aggregation. Note that under the CES/isoelastic demand used in the empirical markup
literature, the aggregate price index P, is itself /' -measurable under Assumption A0
(all firms post prices before shocks realize), so y;; remains }"ifre—measurable and the
equivalence continues to hold. The equivalence can fail in environments that depart
from Assumption A0 — for example, if a subset of firms price flexibly on realized costs
so that their p;; is no longer };fre—measurable, pi: covaries with ;; cross-sectionally and

the residual term does not vanish. ]

B.8 Proof of Corollary 1
Corollary 1 (Risk-adjusted pricing formula). Define the risk-adjusted expectation at p by

_ 1E[U’(w(6)+n(p;6))X]
' E[U"(w(0)+7(p; 0))] '

E;*[X]

Under the assumptions of Theorem 1, the optimal price satisfies

MRRga(p*) = MCra(p*),
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where risk-adjusted marginal revenue and marginal cost are given by

E;*[y(p; 0)]

_ EFAMC(p; 0)3,(p; 0)]
Ep2[y,(p; 0)] '

MRa(p) = p + o MOl = R ]
14 p\r

Equivalently, these objects admit the decomposition

MRga(p)=p+ IEE[Z)((};; ;?9))]] EE:[Z}] - IIéE[Z,]] )
m RAMR(P)
M) E[MC(p;0) 5,(p;0)] (ERAMCy,] IE[MCyp])
E[y,(p;0)] Ef[y,] E[y,]
MCrmean(p) RAwmc(p)

Proof. The first-order condition of Theorem 1 can be written as
Eo|U'(+m)y] + p'Ee[ U’ (w + )y, |~ Bo[U'(w + m)MC 3, = 0

using the identity 7t,(p; 0) = y(p; 0) + [p— MC(p; 8)]y,(p; €), and all objects are evaluated
at (p*, 0) to simplify notation.

Since utility is strictly increasing by Al, marginal utility satisfies U'(w + 1) > 0
almost surely, and hence Eg[U’(w(0) + 1t(p*; 0))] > 0. Dividing the first-order condition
by this term and using the definition of the risk-adjusted expectation yields

Ex*y]+ p Ep[y,] - ExAMC p,] = 0.

By A2,,(p;0) <0 for all p > 0 and almost all 8. Because the risk-adjusted expectation
uses strictly positive weights, it follows that IEE;A[yp] < 0. Dividing by this term and

rearranging gives

*

E;ty]  EAMCy,]
]EE*A[yp] IEE*A[Vp]

By definition, the left-hand side is the risk-adjusted marginal revenue MRy (p*) and
the right-hand side is the risk-adjusted marginal cost MCra (p*). The decompositions
into mean components and risk adjustments follow by adding and subtracting the

corresponding physical-probability expressions. O
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B.9 Proof of Corollary 3

Corollary 3 (Markup cyclicality with CARA utility, linear demand, and constant
marginal cost). Let preferences be U,(W;;) = —exp(—aW;;). Marginal cost is k;; = K; + 1]
with x; > 0, and demand is linear

Diy(pit; Oir) = a+ Eip — (b + i) pirs

where a,b > 0 and a > bxc;. Assume the shocks 1y, &1, Yiy are mutually independent, mean-zero,

with time-varying variances o} = 0., 02,02

nit 0% i Oy, iy and finite fourth moments.

The risk-neutral price and markup are

_a+t bx; _ PiRN
PiRN = 2 HiRN = %, .

Moreover, for sufficiently small a, the optimal ex-ante markup satisfies

64
pir(a) = pirN + %Rit(ffﬁ) +0(a?),
1

where the (first-order) risk adjustment is

it) = g nit 4p2 J&it 3h* Opit = " gp2 OnitIyit
| ~—_— —
pure cost risk  pure demand-level risk pure elasticity risk cost x elasticity risk

Consequently, firm-level markup cyclicality is

ala-— bEl a— bEl
Cov(pir, yir) = |2 Cov(aiit, Vit) — 4—sz0V(U§,w%t)—
a(a+bx;)(a—bx; a+ bx;
_ ( 81;51 Z)COV(Gllz;,jtlyit) - 4b_2 ICOV(O—;,itO-j;,it’yit) +O(a2)_

Proof. Under the stated environment,

it (i 0ie) = (Pie = % — i) @+ Eir — (b + Yi)pye)
= (pir —Ki)a—bpir) + (pir = %) Sir — (Pir — Ki)PitWir — (@ = bpie) it — MirEir + Pisie Vit

Since #;4, &it, Pj; are mutually independent with zero means,

Eg,, [10i+(pit; 0ir)] = (pir —Ki)(@a = bpjy),

71



so the risk-neutral price solves E[r;; ,(pis; 6;¢)] = 0, and hence

a+bx;
PiRN =~ L, Be,[mipp(pi:0ir))| = -2b.

Pit=Pi,RN

Since Eg, [v;,p,rn] = —D, it follows that ¢ = 1/2.

Next compute Covg, (7;s, 7t;1,,). Differentiating profits,
Tit,p(Pit; Oit) = (ﬂ + & = (0 + Pig)pi ) + (pie =T = i) (— (b + %‘t))
= (a+ &y = 2bpir + b%;) = (2pis = Ki)ir + b1ig + 1ir iy
Using again independence and mean-zero shocks,
e — B[] = (pir = Ki)Eit = (Pit = Ki)PiePir — (@ = bpie) i — Mieie + PieMiePivs
Tt — B[t p| = it = (2pis = Ki)Qir + b1t + 1.
It follows that
Cova, (101, Tt p) = (pir = Ri) OF ;= b(a—bpir) 0,y + (pie = Ki) (2pis = Ki)Pis 0 iy + Pit Oy 04 i1
Evaluating at p;; = p; rny and applying the CARA specialization of Theorem 2,

a Covg, (Tt RN 7Tit,p,RN) 2
i ! 2 Eg,, [vit,p,RN]

The cyclicality expression follows from p;; = p;;/%; with deterministic x;, so Cov(pu;s, vi) =

(1/%;)Cov(p;s, vi¢), and from the linearity of the covariance applied to Rit(a,?})z which is

affine in o o~§ Ulf) ., and 2.2 O

2
n,it? =&, it n,it-,it”

B.10 Proof of Corollary 4

Corollary 4 (Markup cyclicality with CARA utility, isoelastic demand, and constant
marginal cost). Let preferences be U,(W;;) = —exp(—aW;;). Marginal cost is k;; = K; + 1]
with k; > 0, and demand is isoelastic

Dit(pit}eit) =(1+ éit)p;(”'lpit)’

where € > 1 and 0;; = (14, &y, Yit). Assume the shocks 14, &1, Yiy are mutually independent,

. . . . 2 _ 2 2 2 . .
mean-zero, with time-varying variances o;, = (o*mit, 0% it O it) and finite fourth moments.
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The risk-neutral price (for small elasticity uncertainty) is

_ x;L; _ _ _
pit,RN:pi ( : 1)2 ll)lt+0( 1/2; t)' pi = c_1 Ki, Li = lnpi;

where p; is the deterministic monopoly price, and the corresponding markup is p;; gy =
pitrN/ K. Moreover, for sufficiently small «, the optimal ex-ante markup satisfies

o
pir(@) = pip RN + %Rit(‘fizt) + O(a2),

1

where the first-order risk adjustment decomposes as

2y _ 2 o 2 2
Ri(oj) = Ci Gr]zt - Oipoy; + Clnaqztag,it Oiyy 0y i1y it

—_— ~—_— | |
pure cost risk  pure elasticity risk cost x demand-level risk cost x elasticity risk

The coefficients (evaluated at p;) are

Ci =

(<) B -%) . Pt
/i x

- - 2
—  Op=— P L, Opy= 1(2L 2¢L7)

i

Consequently, firm-level markup cyclicality is

COV(I"zt’ylt) COV( lpltlyzt) ] Ci?]COV(Gyiitryit)
Kj

L;
(e-1)?

- @i,’bCOV(aé’it,yit) + Ci,]Cov(ojlitagz’it,y,-t) - ®ir1¢COV(U;,it0$,iﬂyit) +0(a?).
Proof. Under the stated environment,

7it(piss O3t) = (i = =) (1 + &)y, ™
= (pit —K;— 7/]1t)(1 + Eit)P e lwbitlnpit.

Under CARA utility and using the second-order certainty-equivalent approximation

(neglecting higher cumulants),

CE(piss ) = Bl (pir)] ~ 5 Var(rei(pi))

Let F(pj;, a) := d,CE(p;;; ). The optimal price satisfies F(p;;, a) = 0.
Since [E[#;;] = [E[;¢] = 0 and shocks are independent,

E[7t;¢(pi¢)] = (pir — €i)p; M(pit) M(p;;): IE[ letlant]
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The risk-neutral first-order condition F(p;;,0) = 0 is

d e Pit
—_— =K . 1\/’ : —_0 — —_g—] it),
dpit [(pzt z)pzt (pzt)] Dit _Ki (plt)

where

dInM(pi;)  pirM’(pit)

Tpir) = dInp;; B M(pi)

For small crlp ., the cumulant expansion of 1;; gives

1
M(p;s) =1+ 20 (lant) +O(Ulf,,it): J(pit) = ai’itlnpit +O(U42,,it)-

Let p; := -5 %; and L; := Inp,. Implicit differentiation of the risk-neutral condition at
(pit» zp,it) = (p;,0) yields

dpii RN K
do? “e-nz
Ty it o2 4= €

so the risk-neutral price with small elasticity risk is

— KL
Pit,RN(%Z,,it):Pﬁ( —1)2 1/11t+0( it)

With X, :=pis—K;i—1it, Ai=1+ &, Z := e~¥itlnpit and independence,
Var(m,) = 2 (B[ X7 | E[AZ B[ 22| - E[X: ) E[A P B[Z,]).

Using E[X;;] = pi; — %i, ]E[Xlzt] = (pit—%i)>+ 0., E[Ay] = 1, IE[Ai ] =1+ ‘75 i and

1, it/

E[Z;]=1+ > (1ant) +O(

,it 1/) )

+0(op ), E|Zi]=1+2(np;y)%0]

we obtain, to first order in al/z,’it,
Var(7t;(pis)) = pzt “I(pis — )2(7521t +0, lt(l +tog lt) (pit — ) (lnplt) ¢,it + 20;12,it(1npit)20'£rit ’

At a = 0, the optimum is pit,RN(Ui,it) and satisfies F(p;;rn,0) = 0. Since

F(pits @) = Eltisp(pir)] = 5 9 Var(ris(pir),
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we have
1
Fo(pir, 0) = _Eapvar(nit(pit))-
The implicit function theorem yields the expansion

Eo(pitrn(ay, ;). 0)
Fp(pitrn(0y 1), 0)

pir(@) = pirrn(oy ;1) @ +0(a?).

To the displayed order, we may evaluate the a-correction at (p;;, ‘742;,1‘ ) =(p;,0). At
Ol,%,l't =0, E[m;(pir)] = (pir —¥i)p; and hence

Fp(P;0) = —(e = 1)p;* .
Differentiating the variance expansion and evaluating at p;; = p; gives

60'

Fo(p;,0) = ;% [ea?,,

(14020 = (P~ %i) Li] 1y — 07 1400 (2L = 2513)].

Therefore,

Fo(p;,0) _ (B —%i)__ P
_aFa(}_?l‘ 0) :a[g_ plé 1721t(1+o_§21t) lgf;p éLl Ulpzt gl (2L _2‘EL2) qzt 1112)1t
p\Fv

—— T S——
Ci’l E@izp Egiﬂlp

Combining this a-correction with the risk-neutral expansion for pry ¢ yields

pit(@) = pisrn + aR;(0]) + O(a?),

with the stated decomposition of R; t(UiZt)-

Dividing both sides by «;, taking the covariance with y;; and using the bilinearity of

covariance,
a
Cov(pir yit) = Cov(pir RN, Yit) + %COV(Rit(Uﬁ); Yit),
1
where, from the risk-neutral expansion,

L
Cov(pirrN, Yit) = WCOV( prr Y1)
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Finally, substituting the decomposition of R;;(c3) and applying the linearity of covari-
ance yields

Cov(Rif(07),9it) = CiqCOV(%zit:yit) - @Z‘IPCOV(Gi) i Yit)
+C; COV( qztagzt’yzt) ®i171,bCOV(G172,itaz/2;,it'yit)-

This completes the proof. O

B.11 Proof of Corollary 5

Corollary 5 (Markup cyclicality with CRRA utility, linear demand, and constant
marginal cost). Consider the same environment as in Corollary 3, except that preferences are of
the CRRA form

W
U(Wj) = ——, 0 >0,

so that absolute risk aversion satisfies A;(Wi;) = /Wiy = cA(W;y) with AOWj,) = 1/Wy,
where W;;(0;;) = wi(0;1)+ 104 (pis; O;¢) is total wealth. In this case, the ex-ante markup satisfies

o
”it() //lzRN+ th"'o( )

where Ry = Ryisk(07) + Repeatin( Wit rn), and

1
Wit RN

4

Rrisk(o-iz) AztRCARA( lt) Zit = IEQ

1
COVQit ( Wi rn TCit,RN T(p,it,RN)

1
Rueattn(WitrN) = 5 - Eg. [V i1 rN]
it L7 p,it,

Here, R%ARA(GI%) denotes the risk adjustment from Corollary 3.

Consequently, firm-level markup cyclicality is

Cov(pi, vit) = K[Cov( ARG (o] >yzt)+Cov(Rweamwﬁ,RN),yit)}+0<o~2>.

1

Proof. The risk-neutral price is unchanged under CRRA preferences and coincides with
that in Corollary 3. By Theorem 2, for sufficiently small o, the optimal price satisfies:

AiiCoveg, (Tt RNy Tp,itRN)  COVe, (AWis RN), T0it, RNTCp,i1,RN)

Eg, [¥p,it,RN] Eg,, [vp,it,RN]

pit(0) =pirN+ 0@

]+(9(02),
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where A(W;;) = 1/W;; under CRRA preferences and Ajy = Eg, [1/W;trN]-

In the linear-demand, constant-marginal-cost environment of Corollary 3,

Covg,, (i RN 0, it RN)
. it p — REARA(O,I%)’

Eeg,, [vp,i,RN]

so that the pure-risk component satisfies

Rrisk(o'izt) = ZithARA(O-iZt )

The remaining term corresponds to the wealth-effects component

Covg, (AWitRN), Tit, RNTCp,it,RN)

Eeg,, [vp,it,RN]

Rwealth(wi t,RN) =@-

s

where ¢ = 1/2. Since the markup is y;;(0) = p;;(0)/ x; with deterministic x; > 0, the
expansion for p;;(o) follows immediately. The expression for markup cyclicality is
obtained by taking covariances with y;; and applying linearity, as in Proposition 3. [J

C Additional Tables and Figures

C.1 Correlation Structure

Table 3: Correlation Matrix of Key Variables

10g p Gczost Gc%emand C D
logp 1.00
o2 -0.01 1.00

cost

Ofemang 017 021 1.00
C 034 -033 -024 1.00
D 006 012 039 -0.16 1.00

Notes: Correlations computed at the industry-year level across the estimation sample. Uncertainty
regressors are z-scored rolling variances of AR(1) innovations; C and D are log-level Bartik shifters.

C.2 Robustness of Main Results
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Table 4: Robustness of Main Results

1) 2) (©)
Baseline + Year FE First diff.
(2SLS) (2SLS) (2SLS)

Dependent variable: log p;; (cols 1-2), Alogp;; (col 3)
Cost uncertainty (y¢) 0.0578*** -0.0115 0.0018

(0.0059) (0.0123) (0.0067)
Demand uncertainty (yp) —0.0613*** 0.0021 —-0.0025

(0.0121) (0.0090) (0.0054)
Bartik level controls Yes Yes Yes
Industry FE No No (differenced)
Year FE No Yes No
Observations 12,649 12,649 12,322

Notes: All three columns are pooled (no industry fixed effects); industry FE would absorb the cross-
industry exposure heterogeneity that identifies y in the Bartik design. Column (1) is the canonical
baseline (Table 2 column 3). Column (2) adds year fixed effects, which absorb the aggregate component
of 0%; the within-year (idiosyncratic) component of the effect survives. Column (3) first-differences,
for which 2-way clusters by 1O code x year are the primary SE (first-differencing amplifies within-year
common shocks). Stars are one-sided in the theoretically predicted direction. * p < 0.10, ** p < 0.05, ***
p <0.01.

log price: sensitivity to rolling-window length W

0.100 A

=y oyt b

]
X
o
[e)]
T 0.025 A .
o Baseline (W=3)
% ® cost
o L @ demand
©
o
© —0.025 A1
[Vp]
.|
[0p]
N

—0.050 A {

—0.075 A

2 3 4 5 6 7 8 9 10

Length of rolling window (years)

Figure 5: Sensitivity of the baseline pooled 2SLS coefficients Y.ost and Ygemand t0
the rolling-window length W used to construct the conditional-variance shifters O‘kZ, it
Bands are 90% confidence intervals using BH]J exposure-robust standard errors clustered
at the IO code. The vertical dotted line marks the baseline W = 3. The signs and
approximate magnitudes of both coefficients are stable across window lengths from
W =2 through W = 8.
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C.3 Aggregate vs. Idiosyncratic Uncertainty

Table 5: Aggregate vs. Idiosyncratic Uncertainty

@ @

Baseline = Decomposed

Dependent variable: log p;;

Cost uncertainty (y¢) 0.0578***
(0.0059)
Demand uncertainty (yp) —0.0613***
(0.0121)
Cost unc. (aggregate) 0.0802***
(0.0117)
Cost unc. (idiosyncratic) 0.0859***
(0.0103)
Demand unc. (aggregate) —0.2543***
(0.0336)
Demand unc. (idiosyncratic) -0.0043
(0.0096)
Bartik level controls Yes Yes
Industry FE No No
Observations 12,649 12,649

Notes: Column (2) decomposes each uncertainty regressor into an aggregate component (cross-industry
year mean of 02) and an idiosyncratic component (deviation from that mean), entering both into the
pooled 2SLS baseline. Both channels retain the theoretically predicted signs when decomposed. Stars
one-sided in the predicted direction. * p < 0.10, ** p < 0.05, ** p < 0.01. BHJ exposure-robust SEs (cluster
at IO code) in parentheses.
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