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Abstract

We develop a finite-horizon planning model in which firms choose how far ahead
to plan when setting prices. Planning further ahead improves a firm’s pricing
decision but requires cognitive effort. We derive analytical solutions for a firm’s
chosen planning horizon and show that large and persistent aggregate demand
or supply disturbances induce firms to plan further ahead, making inflation more
sensitive to shocks and generating endogenous movements in inflation uncertainty.
Quantitatively, we show that the model matches the positive relationship between
the size of inflation forecast revisions and inflation uncertainty observed in the
data.
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1 Introduction

Economic uncertainty varies substantially over time, and a large literature studies how time-
varying volatility shapes macroeconomic dynamics (e.g., Bloom, 2009; Justiniano and Prim-
iceri, 2008; Jurado et al., 2015). While much of this literature has focused on the relationship
between uncertainty and real activity, it has also emphasized that inflation uncertainty is not
constant and rises and falls over time with notable increases around major macroeconomic
episodes.! Existing work often models this time variation in inflation uncertainty as stochas-
tic volatility in reduced-form or structural innovations, so that inflation volatility changes
because the variances of exogenous shocks change over time.? That approach is useful, but
it leaves open an important question: can part of the variation in inflation uncertainty arise

endogenously through expectations formation and the way firms set prices?

We answer this question using the finite-horizon planning (FHP) framework of Woodford
(2019). Under this framework, decision makers optimize over a finite horizon and, beyond
that point, evaluate outcomes using a continuation value function learned from past ex-
perience to assess contingencies outside their planning window. This departure from the
standard rational expectations assumption under which private-sector agents formulate fully
informed, infinitely long plans has proven to be a fruitful one. In particular, it has been
shown to help fit macroeconomic time series better than other behavioral models, generate
realistic movements in longer-run inflation expectations, and account for survey evidence

that inflation forecast errors are predictable.?

However, one limitation of the approach thus far is that the planning horizon over which
agents make sophisticated plans is assumed to be fixed and exogenous. While this assumption
is a useful simplification, it suppresses the decision of how far ahead an agent should plan

and the associated cost or effort involved in planning over future contingencies.* In this

1See, for example, De Polis et al. (2024) who document substantial time variation and asymmetry in U.S.
inflation risks.

2See, for example, Primiceri (2005) and Stock and Watson (2007). Relatedly, Vavra (2014) studies state-
dependent pricing in an environment with volatility shocks. In his model, higher volatility raises aggregate
price flexibility, so nominal disturbances pass through more to inflation and less to output. Our mechanism is
distinct: inflation uncertainty varies even with constant innovation variances because firms’ selected planning
horizons are sensitive to the size of standard additive shocks.

3See Gust, Herbst, and Lopez-Salido (2022) who estimate the model of Woodford (2019) and compare it to
other behavioral models as well as the hybrid NK model that features rational expectations, habit persistence
in consumption, and exogenous price indexation. Gust, Herbst, and Lépez-Salido (2026) extend this work
and show that the NK-FHP model can account for the initial underreaction and subsequent overreaction of
inflation forecasts emphasized in Angeletos et al. (2020).

4Closely related to our work is Boutros (2026), who also studies a costly finite-planning margin, focusing on
household consumption responses to windfall income shocks. We instead study a costly planning decision for
firms’ price-setting, derive closed-form solutions for a firm’s selected planning horizon, and build explicitly



paper, we abandon the assumption of fixed planning and extend the FHP framework to one
in which firms choose their planning horizon. In our application, a firm sets a price over
multiple periods a la Calvo-style price contracts and chooses how far to plan ahead when
setting their price, balancing the expected gains from optimizing over plans that better reflect
future contingencies against the cost of thinking through those contingencies. We model this
decision sequentially: starting from a short horizon, the firm asks whether evaluating one
more future period ahead is worth its marginal cognitive cost and continues extending its
horizon only while the answer is yes. We use our extended FHP framework to quantify
the cost or mental effort involved in evaluating future contingencies in firms’ price-setting

decisions and the degree of forward-looking, intertemporal optimization that they choose.

In our setting, the cognitive cost associated with planning captures the mental effort re-
quired to think systematically about future possibilities. Extending the planning horizon
means devoting more attention and analytical effort to projecting how future states of the
economy might evolve and how current decisions depend on those outcomes. When this
effort is costly, firms may decide not to think too far ahead, even though doing so could in
principle improve their decisions. In contrast, assuming a fixed planning horizon removes this
margin altogether: firms no longer weigh the benefits of forecasting and planning over future
contingencies against its cognitive burden. In our framework, as in Woodford (2019), expec-
tations remain forward looking up to the chosen horizon, but beyond that point firms rely
on simpler, experience-based assessments of their future profits reflected in a continuation

value function.

We show that the extension of the FHP model to one in which firms choose their planning
horizon matters for inflation dynamics and generates endogenous movements in one-quarter-
ahead inflation volatility. When demand or supply disturbances are large and persistent,
they make future conditions especially relevant for current price setting and firms choose to
devote more analytical effort to projecting how future states of the economy might evolve
and how current pricing decisions depend on those outcomes. In turn, firms’ longer planning
horizons make inflation more sensitive to shocks, which implies an increase in the conditional

variance of one-quarter-ahead inflation even if the variance of shocks is constant.

Analytically, we characterize this sequential planning-horizon decision as a stopping prob-

5

lem.> We focus on two economically important cases: one in which demand shocks are

on the finite-horizon planning approach in Woodford (2019), which can be applied to a broad class of
intertemporal optimization problems.

5Optimal stopping methods have a long tradition in economics. Classic examples include job-search
models such as McCall (1970); for a modern treatment of inaction and threshold rules in dynamic economic
problems, see Stokey (2009). On one-stage look-ahead rules and the monotonicity conditions under which



permanent, and one in which demand shocks are stationary but firms do not update their
continuation value function. In both cases, we show that the marginal benefit of extending
the horizon is monotone, implying that the sequential rule is globally optimal over the set
of possible planning horizons. We also derive closed-form solutions for these cases and show
that firms plan further ahead when persistent shocks move inflation sufficiently far from

firm’s continuation value function.

We show that endogenous planning preserves the main empirical strengths of fixed-planning
FHP models while adding a new mechanism through which inflation uncertainty varies over
time. In particular, the FHP model with endogenous planning continues to generate per-
sistent movements in inflation through firms’ longer-run beliefs and replicates the survey
evidence of Coibion and Gorodnichenko (2015) that inflation forecast errors are predictable.
Endogenous planning also gives the planning horizon a cost-based microfoundation: in the
baseline calibration, firms plan about four quarters ahead on average, and average planning
costs paid by resetting firms remain small. Finally, unlike the FHP model under fixed plan-
ning, endogenous planning generates endogenous movements in one-quarter-ahead inflation
uncertainty. In both the model and the data, larger forecast revisions are associated with
higher inflation uncertainty, and we use this relationship to identify the marginal cost asso-
ciated with a firm’s choice of its planning horizon. After calibrating the planning cost based
on this relationship, we show that the mechanism accounts for a modest but meaningful
share of the observed variation in inflation uncertainty. Moreover, we show that the model’s
endogenous mechanism lines up with elevated inflation uncertainty during the 1970s and

early 1980s, the Great Financial Crisis, and the COVID/post-pandemic inflation episode.

The paper is related to a broader literature on cognitive costs, limited information, and
boundedly rational expectations. Sticky-information models and inattentive-producer mod-
els make information updating infrequent or costly (Mankiw and Reis, 2002; Reis, 2006),
while rational-inattention models treat attention as a scarce resource that agents allocate
optimally (Sims, 2003; Mackowiak and Wiederholt, 2009). Behavioral New Keynesian mod-
els provide another way to discipline departures from fully rational expectations (Gabaix,
2020; Angeletos et al., 2020). Our mechanism shares the view that forming expectations
is costly, but differs in the margin it endogenizes: firms choose how far ahead to solve the
dynamic pricing problem, rather than how often to update information or how precise a

signal to acquire.

The paper is also related to models of endogenous price review and information acquisition.

Woodford (2009) studies state-dependent pricing under information constraints, Alvarez

they are optimal, see Chow et al. (1971) and Ferguson (2008).



et al. (2011) separate observation costs from menu costs, and Paciello and Wiederholt (2014)
analyze endogenous information acquisition and monetary policy. These papers endogenize
when firms review information, whether they adjust prices, or what information they acquire.
In contrast, we keep the familiar Calvo reset structure and endogenize the degree to which
firms look ahead and evaluate future contingencies. This distinction lets us compare our
setup directly with fixed-planning FHP models while giving the planning horizon a cost-

based microfoundation.

It is important to note that our contribution is not to provide a complete theory of inflation
uncertainty. Inflation uncertainty reflects many forces. Instead, we identify and quantify one
endogenous contributor: the state-dependent planning horizon of price-setting firms. The
analytical results make the mechanism transparent, and the quantitative results measure its

importance in a calibrated NK-FHP model.

The rest of the paper proceeds as follows. Section 2 develops the endogenous-planning FHP
model. Section 3 derives the implied inflation dynamics and characterizes the firm’s planning
decision. Section 4 calibrates the model and presents the quantitative results on planning
horizons, planning costs, forecast predictability, and inflation uncertainty. The last section

concludes.

2 Model

We extend the finite-horizon planning model of Woodford (2019) by allowing firms to choose
how far ahead to plan when setting prices. We focus on the determination of inflation in
a partial-equilibrium setting where aggregate demand is exogenously determined. FExcept
for this endogenous planning horizon, the behavior of price-setting firms is the same as in
Woodford (2019).

2.1 Price-Setting Firms

Prices in the economy are set by monopolistically competitive firms that face random oppor-
tunities to adjust their prices as in Calvo (1983). When a firm resets its price, it chooses how
far into the future to plan. In particular, a firm recognizes that its reset price is expected
to remain in effect over multiple periods and chooses a planning horizon over which the
firm takes future contingencies and their implications for its pricing decision. Beyond that
horizon, the firm relies on a continuation value that is easy to evaluate but does not fully

reflect the future contingencies that may arise.



We formalize the firm’s choice of planning horizon as a sequential one-stage planning rule
in discrete time. The firm contemplates planning horizons k € {0,1,2,...} sequentially. For
a given horizon, it chooses the reset price associated with that horizon and then decides
whether to plan one stage further into the future by comparing the marginal benefit and
marginal cost of doing so. We first characterize the pricing decision of a firm that plans k
periods ahead, and then turn to the rule governing whether it extends the horizon from £ to
k + 1 periods.

Each price-setting firm produces a differentiated good that is aggregated into a final good,

1 g¢—1 5:731
Y, — (/ Y, df) , (1)
0

where Y}, denotes the quantity of good f, and &, > 1 is the time-varying elasticity of

Y;, according to:

substitution across differentiated goods. In our partial equilibrium setup, fluctuations in the
final good are exogenous. Specifically, we assume aggregate demand, Y; evolves according

to:
@t = py@t—l + OyCyt (2)

where ¢, = log(Y:), 0 < p, <1 and e, N (0,1). The elasticity e; evolves according to:

ét = psétfl + OcCet, (3>
where &; = log(e;) — log(€) and e s N(0,1). We treat innovations to &, as markup, or
aggregate supply, disturbances. We include these shocks in our empirical analysis to generate
plausible fluctuations in inflation. In particular, in our empirical analysis, we find that both
disturbances to aggregate demand and aggregate supply are needed to match movements in

inflation.

Each firm f € [0, 1] produces its differentiated good using labor Ny
Vi = Np, (4)

where the parameter 0 < o < 1 determines the return to labor in the production of the
intermediate good f. To produce Yy, a firm hires labor in a competitive labor market,
taking the real wage as given. Labor is supplied elastically to the firm so that the real wage,
w, is constant:

e—1

0= (1-a)—. (5)

As implied by expression (5), the economy’s real wage reflects the steady-state share of in-



come going to workers and the (inverse) of the steady-state price over marginal cost markup.

At each date, a fraction 1 — 6 of firms have the opportunity to reset their price and choose
their planning horizon over which that reset price applies. In periods in which a firm does not
have this opportunity, we assume that a firm indexes its price increases to the steady-state
(gross) inflation rate: Py = mPs—1. The aggregate price level can be rewritten as:

1

p= [ - 0)(BE) o(ap) =] T )

where P, denotes the aggregate price level, Ptk; is the common reset price chosen by identical

firms that re-optimize at time ¢, and &} is the common planning horizon that they choose.

2.2 Pricing Decision

Py

Conditional on choosing planning horizon k, the firm chooses its relative price, ps = o

to solve:

maXHf(pft,St). (7)

Prft

A horizon k firm’s objective function, Hf (ps:, Si), is given by:

. . t+k . 7—T7—t+1pft _a kil 7_Tk+1pft
HE (b S0) = BES S (80 | (=2t ) —w Y | Yo+ (00) 4 | T2 ) &,
¢ (Pri> 1) t{z(ﬁ) [(H;gmﬂ') d } pm+ (56) t Hf:o”tﬂ }
(8)

T=t

where Y}, satisfies:

—T7—t+1 —&r
™ Dyt

YfT = (7) Y.
Hi:o 44

%t denotes the inflation rate, S; = (y;, &, )" denotes the aggregate

P
state, and § € (0,1). The function Hy(-) is a firm’s continuation value function, which

In expression (8), m =

captures its beliefs about the expected discounted losses associated with price pys after date
t+k. Reflecting the cognitive cost of forecasting and planning future events, this continuation
value function is not fully state contingent as would be the case under rational expectations.
Instead, following Woodford (2019), a firm’s continuation value function is intended to reflect
a firm’s past experience and knowledge about how its pricing decisions affect its profits.
As discussed below, a firm updates it as part of its pricing problem, averaging over past
information that a firm receives over time. This makes a firm’s continuation value function
time dependent, and the firm’s k-horizon objective function, Hf(pys:, S), reflects this time
dependence and thus evolves over time as well. Importantly, a firm takes its continuation

value function as given at each date ¢ in making its pricing and planning decisions.



A firm that plans k£ periods ahead uses the model’s structural relationships and shock pro-
cesses to evaluate contingencies from date ¢ through date t + k. Events beyond that horizon
are not evaluated using structural relationships or the implied evolution of future reset prices;
instead, they are summarized by the continuation value function, which does not fully reflect
the states that may occur in the future. Because of finite planning, a firm’s plans at time
t + 1 will not generally be the same as those when it makes its decisions at time ¢ 4 1, since
this would imply that a firm making decisions at date t evaluates contingencies through
period t + k + 1 rather than truncating its planning at period ¢ + k. Thus, EF denotes
subjective rather than rational expectations: the firm uses the model’s stochastic structure
only through its k-period planning horizon. For a firm’s expectations to be rational, it would
have to evaluate contingencies in periods 7 > ¢t + k + 1 and beyond. Instead, a firm at date
t makes plans in period ¢t + 1 taking into account structural relationships and contingencies
only k£ — 1 periods into the future. Similarly, in planning period t 4+ 2, a firm makes plans
in period t + 2 only taking into account structural relationships and contingencies through

k — 2 periods into the future, and so on over the course of the k-period planning horizon.

A firm must also evaluate the expectations of future inflation in expression (8). This requires
forming beliefs about the planning horizons of other firms. In order for a firm not to have
to consider what the model’s structural relationships imply for states outside of its k-period
planning horizon, it is assumed as in Woodford (2019) that a firm believes that other firms
share its k-period planning horizon. This assumption introduces an additional departure

from rational expectations besides the truncated planning that a firm does.

Because firms plan only over a finite horizon, it is convenient to define 7 and p¥ as the
model-consistent solutions for inflation and a firm’s common reset price, respectively, under
the assumption that all firms have planning horizons of length k. More generally, for these

variables, the following relationships hold:
Efmin—y = By, and Ejpw; = Epl,,; for0<j<k. (9)

Expression (9) provides a mapping between the subjective expectations operator of a firm
with a k-period planning horizon and the model-consistent expectations operator. It reflects
that a firm formulates its plans in period t + k — j using its full knowledge of the model’s
structural equations and contingencies under the assumption that other firms have j periods
left in their planning horizon like themselves. Thus, while FE; is the model-consistent expec-
tations operator, the endogenous variables Wf +r—j and p{ +k—j still reflect an agent’s limited

planning horizon and subjective beliefs regarding the planning horizons of other firms.



2.3 Planning Decision

We now turn to characterizing a firm’s choice regarding its planning horizon—a decision it
makes whenever it has the opportunity to reset its price. We model this choice as a sequential
stopping problem governed by a one-stage look-ahead rule. Such rules are standard in the
stopping-rule literature: the decision maker compares stopping at the current stage or horizon
with continuing a horizon further and then stopping, and in monotone stopping problems
the one-stage look-ahead rule achieves the global optimum (see Chow et al., 1971; Ferguson,
2008).

In our setting, the stage is the planning horizon. The firm begins at £ = 0, where its
price takes into account current contingencies while future outcomes are evaluated using
the continuation value function. It then asks whether extending the horizon by one stage
improves its pricing decision enough to justify the additional cognitive cost. If the answer
is yes, it moves to k£ = 1 and repeats the same comparison; if the answer is no, it stops and

uses the reset price associated with its current horizon.

To formalize the sequential rule, we assume that a firm faces a cost function 7(k) that reflects
the cognitive effort associated with choosing its price over future contingencies. This cost

function is strictly increasing in the planning horizon, and we assume the incremental cost
Aty =71(k+1) — 7(k)

is weakly increasing in k. Accordingly, planning further into the future is potentially more
costly for a firm. We also assume that 7(0) = 0, implying that it is costless for a firm to
evaluate future outcomes using its continuation value function. This assumption is consis-
tent with the idea that it requires more cognitive effort to explicitly reason through future
contingencies than to rely on a coarse continuation value that only reflects a firm’s past,

average profitability.

For a firm that has already chosen to set its price taking into account contingencies through

horizon k, re-solving its pricing problem over k + 1 contingencies yields a net value of
HE Y (et Sp) — 7k + 1),

A firm could instead choose not to re-solve the pricing problem and avoid the additional

cognitive effort. In that case, it re-uses pf, which has been chosen for contingencies through



period t + k, yielding a net value of
Hf“(pf, Si) — 7(k).

In choosing not to re-solve the pricing problem, the firm acknowledges that there are future
contingencies at date t + k£ + 1 and thus evaluates losses using the k + 1 objective function.
While pf does not generally solve the k + 1 objective function, it is the natural benchmark
because it is the reset price chosen for the current horizon. In this sense, pf plays the role of
a reference price for measuring the private value loss from not solving the expanded-horizon
pricing problem, in the spirit of near-rational behavior such as in Akerlof and Yellen (1985).°
Retaining this price only costs the firm 7(k) in terms of cognitive effort, while re-solving the

pricing problem requires the firm to pay the incremental planning cost.

The difference between these two objects captures the marginal benefit of extending the
planning horizon by one additional period. A firm evaluates these options sequentially at
each horizon until the incremental cost A1y 1 = 7(k+1) — 7(k) exceeds the marginal benefit

of extending the horizon:
ki =min{k € {0,1,2,...} | Hf"' (p} ™, S;) — Hf ™' (0}, Si) < ATiya ) (10)

Equation (10) characterizes the planning horizon selected by the one-stage rule. Because the
marginal benefit of looking further into the future depends on the current realization of .Sy,

the selected planning horizon is inherently state dependent.

2.4 Learning about the Value Function

After the shocks are realized, a firm makes its pricing decision and its decision about how
far ahead to plan. It also updates its continuation value function over time following the
approach in Woodford (2019). In particular, a firm forms a new estimate of its continuation
value function, HF (ps), which is obtained as part of its pricing problem. This estimate

comes from a firm evaluating its k; objective at the realized state, S;, for any choice of py;:

HE (ps1) = H (pyr, S;)

6The comparison that a firm makes is analogous to that of menu-cost pricing models, such as in, for
example, Mankiw (1985). In those models, a firm compares the gain from changing its nominal price from
its current price with the cost of doing so. In our setting, the cost is not a physical cost of changing the
current price, but the cognitive cost of extending the planning horizon; the benchmark is the horizon-k reset
price rather than an inherited nominal price.




A firm uses this estimate to update the continuation value function to be used in its pricing

problem at date ¢t + 1:

Heii(ppe) = (1= ) Hy(pge) + vHE (pge), (11)

where 0 < v < 1. As in Woodford (2019), a firm uses an average of its past value functions to
form its beliefs about its continuation value function. In effect, a firm accumulates knowledge
about its continuation value function from its pricing problem with + determining how much
weight it puts on recent experience versus knowledge acquired in the distant past. A notable
difference from Woodford (2019) is that in his setup a firm’s new estimate of its value function
uses the same k-period objective function at each date, while equation (11) implies that a
firm’s new estimate can vary over time depending on how far in the future a firm chooses to

plan.

While learning introduces an additional parameter, v, it has both theoretical and empirical
appeal. Without learning, a firm’s longer-run beliefs (i.e., those outside of their planning
horizon) would remain fixed in response to structural changes in their environment such as
a permanent increase in technology. In contrast, with learning, a firm’s longer-run beliefs
about inflation evolve and eventually reflect such changes. On the empirical side, Gust et al.
(2022) show that an FHP model with learning gives rise to empirically realistic movements in
longer-run inflation expectations as well as persistent inflation dynamics arising from these
movements in longer-run inflation expectations. Accordingly, a firm’s longer-run beliefs
about inflation as reflected in its continuation value function play a particularly important

role in inflation dynamics.

3 Analytical Results

We characterize the dynamics of inflation analytically by taking a second order approxima-
tion to a firm’s maximization problem. Appendix A provides the details of our approach,
where we derive an analytical representation between inflation and a firm’s choice of its plan-
ning horizon. We also decompose inflation into a cyclical component, reflecting the effects
of shocks, and a trend component, which reflects movements in inflation due to a firm’s up-
dating of its continuation value function. This decomposition allows us to express inflation
as:

*
. k}

=7 = kA (k) + Ac(k])Es + prtia, (12)

10



where 7; denotes realized inflation expressed in log-deviations from its steady state value, 7, is
trend inflation (also expressed in log-deviations from the steady state inflation rate), and £ is
the normalized supply disturbance induced by fluctuations in the elasticity of substitution,
so that a positive realization of £y raises inflation. Movements in trend inflation can be
interpreted as changes in a firm’s longer-term beliefs about inflation (i.e., those outside its
planning horizon), and thus the model relates trend inflation to firms’ longer-term inflation
expectations. The sensitivity of inflation to the output gap also depends on the reduced-form
parameter, x, which in turn depends on the frequency with which a firm is able to reset its

price.”

Equation (12) highlights that inflation is linear in aggregate demand and supply disturbances

as well as trend inflation, with coefficients that vary with k;. In particular,

1— (6py)kt*+1

1— (6pe)kt*+1
1- pr ,

Ay (k) = —r

A (k) =
Because A, (k) and A.(k) increase as k increases, in periods when a firm chooses to plan fur-
ther into the future, inflation is more sensitive to demand and supply disturbances. Moreover,
as a firm plans further into the future, 8% *! declines and the trend becomes less important

in determining inflation. As shown in Appendix A, trend inflation evolves according to:
T = (L= )7 + 7. (13)

Accordingly, a firm’s belief about trend inflation next period is an exponentially weighted
average of past realized inflation. And, as implied by expression (12), realized inflation em-
beds the time-varying effects of aggregate demand, supply disturbances, and trend inflation

through a firm’s selected planning horizon.

3.1 Analytical Characterization of the Planning-Horizon Decision
Using a second-order approximation of the profit function, Appendix A shows that we can

rewrite equation (10) as:

o . K. .
ky = k*(r, ést, ) = min {k €{0,1,2,...}: 5 (prrl —pf)2 < ATkH}, (14)

where p¥ denotes the log-deviation of the common reset price chosen by a firm with planning

horizon k, and K is a reduced-form parameter determined by the curvature of a firm’s demand

7As shown in Appendix A, k = u_’ﬁﬁ,ﬁf where £ = W and a = 2.

11



curve and frequency of price setting:

g g—1
K_<1—a_1)1—50>0’

In expression (14) a firm’s marginal benefit to extending its planning horizon by one period

is governed by the one-stage reset-price increment from re-solving its pricing problem to take

into account additional future contingencies:
B = 5k = 8 (1) [kl e g2 — (1= B)m). (15)

A firm’s selected planning horizon is therefore state dependent. The benefit of a one-period
extension of its planning horizon varies with the size of the disturbances to aggregate demand
and aggregate supply as well as the level of trend inflation relative to the steady state inflation
rate. To derive closed-form solutions for the optimal horizon £}, we assume a linear planning
cost function:

T(k) = %Tgk, (16)
where 79 > 0. The linear planning cost function is a convenient benchmark but it is not
required, even for analytical tractability: analogous expressions can be derived for other
planning-cost schedules, including exponential costs, with the solutions adjusted to reflect
the relevant marginal costs. In what follows, we focus on the role of the demand disturbance
in determining k;, setting the supply disturbance £, = 0. However, a similar analysis
focusing on the role of the supply disturbance follows if the demand disturbance is instead
set to zero. Finally, we use the tie-breaking convention that when a firm is indifferent
between stopping and extending the planning horizon, it selects the shorter horizon. We
begin by establishing that a firm’s choice of its planning horizon is optimal absent learning
considerations—that is, where trend inflation is zero. In this case, the expression for k; has

a simple form.

Proposition 3.1 (£} under no-learning). Assume 0 < p, <1, 7 = 0, and éi = 0. Then

kr =0 iff
Ikije| < 1 =0)m
g py )
and for k > 1,
(1 — 9)7‘0 R (1 — 9)7’0
ki=k — ——— < |k < -— .
f Gk~ W=

Moreover, the marginal value of extending the planning horizon is weakly decreasing in k,

so the one-stage look-ahead rule selects the unique global solution to the sequential planning

12



problem.

See Appendix B for the proof. The planning horizon depends on the state only through |g|
and is weakly increasing in |g|. A firm’s horizon choice is symmetric in that positive and

negative demand disturbances of equal magnitude will result in identical choices for k}.

When |g,| is small—that is, when aggregate demand is close to its steady state value—the
reset price chosen under a short planning horizon is close to the reset price if the Calvo price-
setting firm had infinite-horizon rational expectations (i.e., k& — 00). Without learning, a
firm relies on a continuation value function that reflects its steady state profits, and the
mispricing from relying on this continuation value function is not large for small values of 7;.
In that case, the marginal benefit of extending the planning horizon is low, and the firm stops
immediately. In contrast, when the demand disturbance is far from its steady state value, the
marginal benefit of extending the planning horizon can be high. In that case, a short planning
horizon omits important future consequences of a persistent demand disturbance. Moreover,
the resulting mispricing relative to a firm with infinite-horizon rational expectations can be
large, and the marginal benefit of planning further can be high, which creates an incentive

for firm to extend its planning horizon.®

When trend inflation and supply disturbances are absent, the marginal benefit of planning
further ahead declines monotonically at rate (8p,)?. The rule stops at the first horizon
at which the marginal benefit of extending the horizon, net of the incremental cost, is
nonpositive. Because the marginal benefit is monotonically decreasing, the selected horizon

is the unique global optimum.

We next allow trend inflation to enter the planning-horizon decision. To isolate its role most
cleanly, we first consider the unit-root demand case (again setting the supply disturbance to

zero). In this case, the reset-price increment depends on the single state variable

r = Ky — (1 — )7, (17)

which measures the demand disturbance relative to the trend-inflation component of the

firm’s continuation value. Proposition 3.2 gives the resulting closed-form solution.

Proposition 3.2 (k; under unit-root demand). Assume p, = 1 and €, = 0. Then kf =0

8By comparing an FHP firm to one with infinite-horizon rational expectations, we focus on the mispricing
arising from the truncated planning horizon of an FHP firm. Accordingly, we isolate this source of mispricing
from that arising from Calvo price setting and monopolistic competition.
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iff lae] < (1= 0)70/8, and for k > 1,

(1 —55)70 -

ki =k —

Moreover, the marginal value of extending the planning horizon is weakly decreasing in k,
so the one-stage look-ahead rule selects the unique global solution to the sequential planning

problem.

See Appendix B for the proof. With p, = 1 and £, = 0, the optimal planning decision
depends on how far the demand disturbance pushes inflation away from its trend-adjusted
value, which reflects a firm’s beliefs about its continuation value function. When |z,| is
small—that is, when aggregate demand is close to its trend reference point gt = (1—8)7/r—
a firm’s marginal benefit of extending its planning horizon is low and a firm tends to choose
a short planning horizon. In contrast, when the demand disturbance is far from its trend
reference point, |z,| is large. In this case, a short planning horizon can omit important future
consequences of a permanent demand disturbance and the marginal benefit of planning
further ahead can be high, creating an incentive for a firm to extend its planning horizon.
The unit-root setting clarifies the role of firms’ longer-run beliefs—via trend inflation—in

determining a firm’s optimal planning horizon.

3.2 When is the One-Stage Rule Optimal and Symmetric?

The two propositions establish the optimality of a firm’s choice of its planning horizon in
simplified settings. In both cases, the marginal benefit of extending the planning horizon
is proportional to the square of a single state variable multiplied by a term that declines
geometrically with k. In Proposition 3.1, that state variable is kg;; in Proposition 3.2, it is
xy = Ky — (1 — B)m;. Hence the planning rule is symmetric around the relevant reference
point and the marginal benefit of extending the horizon is monotone in k. The one-stage rule
therefore stops at the first horizon at which the marginal benefit falls below the marginal

cost, and this coincides with the global solution to the sequential planning problem.

The symmetry and monotonicity of a firm’s marginal benefit to extending its planning hori-
zon need not survive once both learning and stationary shocks are present, or once more
than one disturbance enters the model. First, with stationary disturbances, trend inflation
changes the symmetry of the decision rule. If demand is stationary and 7; > 0—and again
supply disturbances are set to zero—the marginal benefit of extending the horizon from £ to
k + 1 is proportional to (/ip’;“g)t —(1- B)ﬁt)Z . A positive demand disturbance will be con-

sistent with firms’ longer-run inflationary beliefs (i.e., trend inflation), and so the marginal
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benefit will be smaller than otherwise. In contrast to a positive demand shock, a negative
demand disturbance will not offset the (positive) trend inflation term in the marginal benefit
expression. This means that with positive trend inflation the selected planning horizon is
therefore no longer symmetric around a single trend-adjusted reference point: firms tend to
choose longer horizons for negative demand shocks and shorter horizons for positive demand
shocks that can partially offset the positive trend component on the one-stage reset price

increment.

Figure 1 illustrates this loss of symmetry. The horizontal axis measures the demand gap
relative to the trend-adjusted reference point. When 7, = 0, this reference point is zero and
the planning rule is symmetric. When 7; > 0 and demand is stationary, the red dashed line
is no longer symmetric around zero: negative deviations from it call for longer planning

horizons than positive deviations of the same size.

Figure 1: Planning horizon and the trend-adjusted reference point.

20 \
ﬁ't:O

tra- 7 = 0.50

Selected horizon, kf

—1.5 —1 —0.5 0
Demand gap relative to reference point, g; — g}f

Note: The figure solves the endogenous-planning stopping rule under the stylized linear planning-
cost schedule (19 = 0.012), with the supply disturbance é;; = 0. The black line sets 7; = 0; the
red dashed line sets 7, = 0.50. In both cases 8 = 1.03~1/4, § = 0.60, py = 0.90, and k = 0.0104.

The other property that need not hold in a more general setup is that the one-stage marginal
benefit need not be monotone in the planning horizon. This issue is distinct from the
asymmetry shown in Figure 1. Conditional on a state the sequence of reset price increments
{ﬁf“ — PpF}r=01,.. can fall and then rise. This non-monotonicity can arise when demand and

supply disturbances have opposite signs and different persistence. If, for example, 3, > 0,
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€st <0, and p. < py, then the supply component may initially offset the demand component
in the reset-price increment. Because the supply component decays more quickly, this offset
can disappear at longer horizons. The marginal benefit can fall below the marginal cost and

later rise above it again as k increases.

This non-monotonicity matters for interpretation of the stopping rule. The one-stage rule
remains well defined: it selects the first horizon at which the marginal benefit of extending
the horizon is no larger than the marginal cost. However, when marginal benefits are non-
monotone, this first crossing need not coincide with the horizon that would be chosen by
a firm that globally searched over all horizon lengths. We therefore interpret the rule as
a myopic planning rule, following the stopping-rule terminology in Ferguson (2008). This
interpretation is consistent with the bounded rationality of FHP firms. A global search
over all planning horizons would require an additional layer of cognitive effort, since the
firm would have to evaluate and compare the value of many possible horizon lengths before
deciding how far ahead to plan. The one-stage rule keeps this planning problem sequential
and incremental: at each stage, the firm asks whether extending the horizon by one stage
improves its pricing decision enough to justify the incremental cognitive cost. The analytical
results above establish conditions when the sequential, one-stage rule coincides with the

unique global solution.

4 Calibration and Quantitative Results

This section calibrates the model and organizes the quantitative results around four points.
First, endogenous planning preserves the main empirical success of the FHP model: it gen-
erates forecast-error predictability in the range of the data and persistent fluctuations in
inflation through movements in trend inflation. Second, endogenous planning extends the
fixed planning framework by making inflation’s sensitivity to shocks state dependent, which
generates endogenous movements in inflation uncertainty. Third, endogenous planning can
account, for the positive relationship between inflation uncertainty and the size of forecast
revisions observed in the data while the model with fixed planning horizons or rational ex-
pectations cannot. We show that the relationship between inflation uncertainty and forecast
revisions provides a way of disciplining the cost of firms extending their planning horizon.
Fourth, while the calibrated mechanism accounts for only a modest part of the total volatility
of measured inflation uncertainty, it lines up with increases in inflation uncertainty observed

during major historical episodes.
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4.1 Calibration and Model Variants

We calibrate both fixed- and endogenous-planning variants of the model using quarterly U.S.
data. Following Christiano et al. (2005), we set § = 1.037% and a = 0.36. Consistent with
their estimates, 4 is set to 0.6, which implies that the average price duration is 2.5 quarters.
For the elasticity of substitution between goods, we set £ = 10, in line with Atkeson and
Burstein (2008). For the updating of a firm’s continuation value function, the gain parameter,

7 is set to 0.2, which is consistent with the estimated value in Gust et al. (2026).

The AR(1) process for aggregate demand, y;, is estimated using the output-gap series as
measured by the Congressional Budget Office (CBO) over the 1960:Q2-2024:QQ2 sample pe-
riod. Estimation using this series implies that p, = 0.9 with o, = 1.011. We use observed
inflation over this sample period, measured as PCE core inflation, to infer the aggregate
supply shock from equation (12) and estimate its AR(1) process. We do this for four dif-
ferent model variants shown in Table 1. This procedure lets each variant match the same
historical inflation series while making transparent how much persistence must be assigned

to the residual supply disturbance under each expectations/planning structure.

Table 1: Model Variants, Planning Costs, and Aggregate-Supply Shocks

Model Planning-cost specification  p, Oc

Endogenous Planning, Linear Cost k=2 1=0.038 0.57 0.093
Fixed Planning E=k =4 19— 0.54 0.101
Rational Expectations k=0,1715=0 0.93 0.018
Endogenous Planning, Exponential Cost by = 0.030, b; = 0.25 0.56 0.094

Notes: The Rational Expectations variant is approximated by setting & = 1000; k is irrelevant when

7'020.

The first row of the table shows our baseline calibration of the endogenous-planning model,

which features a slight extension of the cost function in the analytical results.

K T0

(k) = (m)2 max{k — k, 0}. (18)

This is a piecewise linear cost function. This specification allows firms to plan up to k periods
at no cost and then face a constant marginal cost of extending the planning horizon for & > k.
We include the free-planning threshold k so that the endogenous-planning variant can match
the average planning horizon estimated in Gust et al. (2026) and has the same average

planning horizon as the fixed-planning variant. The constant marginal cost parameter, 79, is
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then determined from the empirical relationship between inflation uncertainty and forecast

revisions as discussed below.

Existing evidence is useful for disciplining the plausibility of planning costs, but it does
not provide a direct estimate of the marginal cost of extending a firm’s planning horizon
for our planning problem. Reis (2006) calibrates information-processing costs that generate
infrequent producer planning, Zbaracki et al. (2004) provide direct evidence that managerial
and customer costs of price adjustment are economically meaningful, and Alvarez et al.
(2011) separate observation costs from menu costs in a structural pricing model. These
objects are closely related to the idea that price setting involves costly managerial attention,
but they are not the same as our marginal planning-cost parameter. We therefore calibrate
To using the empirical relationship between forecast revisions and inflation uncertainty, while

using the implied average horizon and planning-cost share as checks on economic plausibility.

The second row of Table 1 shows the standard FHP model with fixed planning discussed
extensively in Woodford (2019) and Gust et al. (2026), who estimate k* = 4. While this
variant is implemented by fixing k* = 4, it can be interpreted as a limiting case of the
linear cost function with no cost for horizons up to £* and prohibitive costs beyond that
horizon. The third row shows the NK Phillips curve under rational expectations, which is
the costless-planning limit with 75 = 0 and k* — oco. Finally, for robustness, we consider an

endogenous-planning variant with an exponential cost function:

8= S () expioat) - 1 (19)
T(k) == — X —1].
2 \100) P

Similar to the piecewise linear function, we choose the parameters by and b; to match an
average planning horizon of 4 quarters and the empirical relationship between inflation un-

certainty and forecast revisions.

As shown in Table 1, the calibrated aggregate-supply shock process is quite similar in the
baseline endogenous-planning model and the fixed-planning model. In both cases, the model
generates persistent movements in aggregate inflation through firms’ longer-run beliefs about
inflation (7;) while higher-frequency movements in inflation are captured by a less persistent
aggregate-supply shock. By contrast, the rational expectations variant has little endogenous
persistence through expectations formation. To generate persistent movements in inflation,

the inferred aggregate-supply shock must therefore be much more persistent.

The top panel of Figure 2 varies the cost parameter, 7y, to show how it affects the average

planning horizon in the model. Starting from the rational expectations limit, 7 = 0, planning
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is costless and firms choose a very long average planning horizon. As 7 rises, sophisticated
forward-looking planning becomes more costly and the average horizon declines. At high
values of the cost parameter, the horizon approaches the fixed-horizon limit associated with
the free-planning threshold, which for the baseline calibration is 2 quarters. The baseline
calibration of 7y lies between these two extremes and implies E[k}] ~ 4, matching the average

planning horizon estimated in Gust et al. (2026).

The bottom panel reports average planning costs paid by resetting firms as a share of their
steady-state per-period profits. These costs are zero when 75 = 0, since planning is costless,
and initially rise as higher values of 7y make forward planning costly. The relationship is not
monotone. As 7 rises further, firms economize on how far ahead they plan, and average costs
start to fall. In the fixed-planning limit, average planning costs are again zero even though
the marginal cost of planning beyond k = k is prohibitive. Quantitatively, average planning
costs are very small, remaining below 0.05 percent of steady-state per-period profits. This
reflects that most of the benefit from planning comes from setting the reset price “right on
average”, as summarized by the experience-based continuation value, which is costless for
a firm to update. Relative to the benefit of setting the reset price “right on average”, the
incremental gain from setting prices to reflect expected future contingencies one additional

period ahead is small.
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Figure 2: Planning horizon and planning costs.
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Note: The figure varies 7y while holding the other parameters and the aggregate-supply shock
process at their baseline values. Average planning costs are costs paid by firms that receive a
Calvo price-reset opportunity, expressed as a share of those firms’ steady-state per-period profits.

4.2 Forecast Predictability

As discussed in Gust, Herbst, and Lépez-Salido (2022) and Gust, Herbst, and Lépez-Salido
(2026), the fixed-planning model generates movements in longer-run inflation expectations
that are in line with empirical measures and accounts for survey evidence that inflation fore-
cast errors are predictable. We replicate this latter result using the predictability regression
of Coibion and Gorodnichenko (2015) and show that the endogenous-planning model is also
consistent with this evidence. In particular, Figure 3 shows the estimate from regressing the
average SPF forecast error of inflation on the average SPF forecast revision.” The coeffi-
cient on forecast revisions in the forecast-error regression, Sc¢, from this data is 1.25. This
positive relationship implies that forecasts underreact to new information: when forecasters

revise up expected inflation, realized inflation tends to rise by more than the average SPF

9 Appendix C describes the empirical CG regression and the construction of the model-based forecasts,
forecast errors, and forecast revisions. For comparability with Gust et al. (2026), we use the 1969Q4-2007Q4
sample period for the empirical CG regression.
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forecast.

The FHP model generates this positive correlation under either fixed or endogenous planning
because firms’ forecasts are initially muted relative to realized inflation. This muted effect
reflects that firms’ forecast do not fully reflect the effects of persistent shocks outside of their
planning horizons. While the regression coefficients implied by the endogenous-planning
variants of the model are somewhat low relative to the empirical point estimate, they are
both well within the 95 percent confidence interval. In contrast, in the rational expectations
version of the model, firms’ planning horizons are very long and fully reflect the effects of
persistent shocks, making forecast errors unpredictable. As a result, under rational expecta-
tions, Bce = 0. In sum, endogenous planning preserves the forecast-predictability evidence

that supports the FHP paradigm.

Figure 3: Inflation forecast predictability across models.
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Note: The data bar reports the point estimate from regressing the average SPF forecast error on
the average SPF forecast revision over the 1969:Q4-2007:Q4 sample period. The point estimate is
Bee = 1.25 with an approximate 95 percent confidence interval of [0.28,2.22]. Model bars report
simulated population moments using 200,000 observations.

4.3 Forecast Revisions and Inflation Uncertainty

A key prediction of the endogenous planning model is that uncertainty about inflation is
positively related to the size of a firm’s forecast revisions. To assess this prediction, we
use an empirical measure of inflation uncertainty estimated from the predictive density of
De Polis et al. (2024) from the U.S. core PCE prices. De Polis et al. (2024) use a score-driven
skew-t density model for inflation, building on the score-driven framework of Harvey (2013)

and Creal et al. (2013) and the macroeconomic downside-risk specification in Delle Monache
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et al. (2024). This is a density-based uncertainty measure rather than a cross-sectional
measure of forecast disagreement.'® We align this measure with the absolute value of same-
target SPF four-quarter forecast revisions, which captures the size of the aggregate surprise
to forecasters’ inflation outlooks. Appendix E summarizes the construction of the empirical

uncertainty measure.

In the model, as in the data, the uncertainty measure is a one-quarter-ahead predictive
standard deviation. The model counterpart is the one-quarter-ahead conditional volatility

of inflation, defined as follows:

Ort = \/ Var(m1), Var(m41) = B [(Wtﬂ - Etﬂ't+1>2] :

Under fixed planning, the horizon is constant and the conditional variance of inflation is
constant. Under endogenous planning, large and persistent shocks have two effects. First,
they shift firms’ inflation outlooks, generating large absolute forecast revisions. Second, they
raise the marginal benefit of planning further ahead. Firms then choose longer horizons,
increasing the sensitivity of inflation to shocks and raising the one-quarter-ahead conditional

11

volatility of inflation."* Accordingly, the endogenous-planning model predicts a positive

correlation between absolute forecast revisions and the conditional volatility of inflation.

Figure 4 shows this relationship in the data and in the baseline endogenous-planning model.
The left panel plots empirical inflation uncertainty against the absolute value of SPF forecast
revisions, while the right panel plots the same objects in the model. In both panels, inflation
uncertainty and forecast revisions are positively correlated. This positive relationship is the

key moment we use to identify the marginal planning cost, 7.

0The distinction between disagreement and uncertainty is emphasized by D’Amico and Orphanides (2008)
and Giordani and Séderlind (2003). The broader empirical literature also documents substantial time vari-
ation in model-based and density-based uncertainty measures; see, for example, Stock and Watson (2007),
Primiceri (2005), Justiniano and Primiceri (2008), and Jurado et al. (2015).

1 Appendix D describes how we compute the one-quarter-ahead conditional volatility of inflation in the
endogenous-planning model.
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Figure 4: Forecast revisions and inflation uncertainty in the data and model.
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Note: The left panel uses the empirical one-quarter-ahead density-uncertainty series for core PCE
inflation and the average SPF four-quarter forecast revision over the 1969:Q1-2007:Q1 survey-
quarter sample. The right panel uses simulated data from the baseline endogenous-planning model.
The red line in the data panel is an OLS fitted line; the red line in the model panel reports equal-
count binned means. p denotes the Pearson correlation between the two series.

Table 2 compares the empirical moments with the baseline linear endogenous-planning
model, the fixed-planning model, and the exponential-cost endogenous-planning model. In
the data, larger forecast revisions in the SPF are associated with a higher level of inflation
uncertainty, as the two series have a correlation a little higher than 0.4. The two endogenous-
planning models are able to match this moment while the fixed-planning model cannot, since

inflation uncertainty does not vary when the planning horizon is fixed.

Table 2 also reports the implied distribution of planning horizons and the size of model-
implied stochastic volatility relative to the empirical density-uncertainty series. The baseline
linear model captures a modest part of the total volatility in inflation uncertainty: the
standard deviation of model-implied uncertainty is about 14 percent of the empirical value.
This relatively low volatility reflects that the endogenous-planning model generates this
volatility endogenously from standard aggregate demand and supply shocks. If we allowed
the volatility of these shocks to vary stochastically as well, the model could match the

fluctuations in the empirical measure of inflation uncertainty.
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Table 2: Selected Moments Across Model Variants

Baseline
Object Data  Linear Fixed Exponential
Targeted moments
Corr(ox s, |REV: 144]) 0.43 0.44 n.a. 0.40
E[k}] 4.00 4.09 4.00 4.00
Inflation uncertainty
Elo,.4 0279 0.224  0.212 0.220
sd(oq¢) 0.166  0.023  0.000 0.015
Planning horizon distribution
mode(k;}) n.a. 2 4 3
sd(ky) n.a. 3.13 0.00 2.52
Pr(kf > k) n.a. 0.57 0.00 n.a.

Notes: Data moments use the empirical one-quarter-ahead density-uncertainty series for core PCE
inflation and the average SPF same-target four-quarter forecast revision over the 1969:Q1-2007:Q1
survey-quarter sample. Model entries report simulated population moments using 200,000 observa-
tions. The fixed-planning Pearson correlation is not reported because inflation uncertainty is constant

in that model.

4.4 Historical Movements in Inflation Uncertainty

With the endogenous-planning model generating time-varying inflation uncertainty endoge-
nously, Figure 5 compares the model-implied historical uncertainty series with the empirical
one-quarter-ahead uncertainty measure. The model-based measure is smaller than the em-
pirical measure, consistent with the moments in Table 2. Nevertheless, in several important
episodes, uncertainty in the model rises in line with the empirical measure. In particular,
the model-implied measure increases sharply during the high-inflation period of the 1970s
and early 1980s, with smaller increases occurring around the Great Financial Crisis and
the COVID /post-pandemic inflation episode. The model’s uncertainty measure rises during
these episodes because the aggregate demand and supply shocks are relatively large relative
to trend inflation at those times, inducing firms to plan further ahead, as shown in the middle
panel. This deeper planning then raises the sensitivity of inflation to shocks, making it more

volatile.

The bottom panel of the figure shows the endogenous-planning model’s implications for

firms’ expectations of longer-run inflation (7;) during these episodes. Firms’ longer-run
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inflation beliefs rose through the 1970s and early 1980s and then fell during the disinflation
that followed. During the COVID /post-pandemic inflation episode, the model’s measure of
inflation uncertainty rises only temporarily, while firms’ expectations of longer-run inflation,

which depend on lagged realized inflation, remained elevated in 2023 and 2024.

Figure 5: Empirical and model-based measures of inflation uncertainty.
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Note: The middle panel reports the selected planning horizon kf, with the dashed line showing its
sample mean. The trend-inflation line is 7Av% 4+ 7, where 7, is the demeaned model trend state
and 749 is the sample mean of quarterly core PCE inflation.
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5 Conclusion

This paper extends the finite-horizon planning framework by making firms’ planning horizons
endogenous. The endogenous-planning model preserves the main empirical strengths of fixed
finite-horizon planning models while generating time-varying inflation uncertainty. In the
model, forecast revisions and inflation uncertainty are positively related, as in the data, and
this relationship provides a way to discipline the marginal cost associated with forward-

looking planning.

A natural next step is to embed endogenous planning horizons in a richer general equilibrium
environment. In such a model, both households and firms could choose how far ahead to plan,
allowing the planning horizon to shape not only price setting but also consumption, saving,
and expectations about future policy. This extension would provide a useful framework for
studying the monetary-policy implications of endogenous planning, including how alternative

monetary policies and forward guidance affect the planning horizons of households and firms.
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Appendix

Appendix A derives the equations that characterize inflation dynamics and a firm’s planning-
horizon rule. Appendix B proves the propositions in the main text, Appendix C describes
the empirical CG regression and the forecast objects used to compute the model-implied CG
regressions, Appendix D describes the model-based measure of inflation uncertainty, and

Appendix E describes the empirical measure.

A Derivation of Inflation Dynamics

In this appendix, we derive the equations that characterize inflation in the model using a
second order approximation of a firm’s objective function. We show that this approximation

allows us to characterize inflation dynamics and a firm’s planning-horizon rule analytically.

A.1 Second Order Approximation of Per-Period Profits

We begin by specifying the exogenous processes for aggregate demand and the elasticity

of substitution and then taking a second-order approximation of per-period profits. Let

T = P?f: denote firm f’s relative price. Per-period profits are given by

D<Tft7}/;f7€t) = <rft - wa?) th7 (A1>

where
a B 11—« 3
a= , W = , b= — .
1 -« 7 E—1

Firm-level demand depends on a firm’s relative price as well as Y; and &;:
th = Tﬁstn. (A2)

Evaluated at the steady state, per-period profits are

_ l—a 1+4aE—-1)

D=D(1,1,6) =1— > 0.
"

Define ¢, = log(V;) and 7y, = logry, so that rp, = €'/t along with s, = (;,&;). With these
definitions, let
E(f,gj,é) = D(ef, v, ée‘é),

so that @(fft,Qt,ét) = D(rp,Y:,et). A second-order expansion of D around (7r,9,6) =
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(0,0,0) yields

~ _ ~

D(f'ft,st) - D = D('f’ft,St) = (A )
.3

where derivatives of D are evaluated at (0,0, 0).

The coefficients in (A.3) are:

ﬁff:—[(a—i-l)&:—l](é—l) <0,

A.2 Continuation Value Function

We write the continuation value function as a quadratic in the firm’s relative price parame-

terized by belief coefficients (¢, vy, x¢):

. . 1
Ht(rft) =K [Ut Tre — §Xt 7“]2% + Ct‘| R (A4)

where the scaling parameter, K, is given by:

~

K= 1__Dgg = [(a +1)e — 1}

e—1

1_59>0.

The subscript ¢ indicates dependence on the date-t belief parameters (¢, vy, x¢), which are

taken as fixed when solving a firm’s date-t problem.

A.3 Pricing Decision

We use the second-order approximation to characterize a firm’s pricing decision and planning-
horizon decision. We begin with the pricing choice for £ = 0 and then turn to a firm’s pricing
decision for k£ > 0. In the firm’s problem, we scale a firm’s nominal price by lagged inflation

so that pp = ﬂlzﬁl and P = Tp + Tt
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A firm with planning horizon k& = 0 solves

max Hy by, st),
Prt

subject to
HY (byr, 50) = D(ppr — 77, 80) + B0 Hy(pye — 7)) (A.5)

In equation (A.5), 7Y denotes the beliefs about aggregate inflation of a firm with a k = 0
horizon and the dependence of H(ps:,s;) on t reflects its dependence on the parameters

governing the continuation value function, (¢, vy, X¢)-

Differentiating a firm’s value function equations with respect to ps yields

Hy (bres 5t) = K [v1(0) = Xxe(0)pe] = (1 = BOK [§8 — Cé¢ — (Bye — 7))] +

where
a 1

@ine—1° " “TTatrpe—1G-y

§

> 0,

Also, we have defined a firm with horizon & = 0 marginal value function, Hg}t(ﬁft,st),
as a function of the parameters, (x;(0),v,(0)). Equating terms in expression (A.6), these

coefficients are given by:

Xi(0) = (1 = 80) + B0x; = 1 — B0(1 — x4), v(0) = (1 — B0) (G — C&r) + POy + 77

Note that x; = 1 implies x;(0) = 1. Later we show that a firm’s updating of its continuation
value function implies that y; = 1 is a fixed point in which x; = 1 for all £ > 0. Imposing
this fixed point in the first-order condition for £ = 0 horizon and solving for a firm’s reset
price implies

P, = v:(0) = (1 — B0) (Ehe — CEr) + SO, + 7], (A7)
where p? denotes the common reset price of a firm with k& = 0 horizon.

As discussed in the main text, a firm forms beliefs under the assumption that other firms
have the same planning horizon as themselves. Applying this assumption in expression (6)

of the main text implies that the beliefs for aggregate inflation of a k-horizon firm satisfy:

(%) " <o a-oph

™
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Log-linearizing this expression yields:
=01 -0)pF, k>0 (A.8)

Substituting this expression into equation (A.7) implies that the beliefs for a firm with

horizon k = 0 satisfy:

7?('? = HO('Ut, St) = B(l — Q)Ut + /f:l)t + ésta (Ag)
where ) 18
Kk = RE, %E( —A0)1 - >,
0
and the aggregate supply disturbance is normalized as é;; = —k(é;. With this normalization,

expression (3) can be rewritten as:
ést = peést—l + O5Cst, Cst lfl\(’i N(07 1)7 (A]'O)

where o, = k(o,.

Expression (A.9) highlights that a firm with a & = 0 horizon believes that inflation at date
t depends on its current estimate of its marginal continuation value function (v;) and the
shocks at date . We can also use this expression to show how Hgt(ﬁﬂ, s¢) depends on v,
and the date t shocks:

. . 0 A 1 .
Hy,(Pse, st) = K [0:(0) = pre] = K [} —ppe] = K mﬂo(vta St) = Dyt - (A.11)

Pricing for £ > 0. For planning horizons k > 1, a firm chooses its reset price according to

max Hy (b, 1),
Dt

Htk(ﬁft; St) = ﬁ(ﬁft - ﬁf? st) + 59EtHf_l(ﬁft, Sti1) - (A.12)
Differentiating (A.12) with respect to ps; yields
Hg,t(ﬁft, St) = (1 - 59)K [f@t — (& — (ﬁft - ﬁf)} + B0 E; H;f;l(ﬁft, 3t+1) ) (A-13)
For k = 1, we can use (A.11) to write

1

Et Hg,t(ﬁfta 5t+1) =K |:mEt7AT?+1 — ﬁft:| , <A14)
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where
Eth?H = EtHO(Um 5t+1) = 5(1 - Q)Ut + Iil)yﬁt + pefst-

Using expression (A.14) in equation (A.13) and solving for a firm’s reset price yields:

R S Bo . .
Py — 7ty = (1= B0) (&g — C&1) + mEt7T19+1‘

Using equation (A.8), we can write a firm’s beliefs for inflation as:

~1 ~0 ~ A
7, = BET L + KO+ Es

We can also define H ,(ps, 51) as:
H;%,t(ffh St) =K [Ut(]-> - Xt(l)ﬁft] s (A15)

and note that the coefficients v;(1) and x;(1) satisfy:
e =5, x()=1,

where we have x;(1) = 1, because x; = 1 implies x;(0) = x;(1) = 1. Thus, we can write:

R . . 1 . . 1 .
Hé,t(pftast) =K [p% _pft} =K L — 97Tt1 —Pft} =K [mﬂl(vmst) — Py

Solving the firm’s problem sequentially for & > 1, one can show that x,(k) coefficients satisfies

the recursion:

xt(0) = (1 — B80) + 80 xs, xe(k) = (1= p0)+ B0 x,(k—1), k=>1. (A.16)
It follows from this recursion that x; = 1 implies x;(k) = 1 for all £ > 0 at the fixed point

x = 1. Using this recursion, we can write

I .

%?@mW:KM%—D—@ﬂ:KmH—mJ:K{
Using equation (A.17) in expression (A.13) and using it to solve for a firm’s reset price yields:

R X . O
Py — 77 = (1= p0) (g — C&) + mEﬂfﬂl- (A.18)
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Using (A.8), we can write a k-horizon firm’s inflation beliefs as:

~Fk ~k—1 ~ N
Ty = ﬁEﬂTtJrl + KY¢ + Est, k > 1.

[terating (A.19) forward therefore implies
ﬁk = Ay(k>’%gt + As(k)ést + 6k+1(1 - Q)Utv

where 1 — (6/)y)k+l 1— (ﬁpg>k+1
ST, 0 W og

Dividing by (1 — 0) gives a firm’s reset price:

Ay (k)

e KAy (R)
pt - 1— 0

k
)ést + Bk+lvt‘

A+Ae(
Yt )

A.4 Trend Inflation Derivation

(A.19)

(A.20)

(A.21)

The pricing derivation also implies the law of motion for the trend component in the inflation

equation. Recall from (11) that a firm updates its continuation value function according to

Hy(pge) = (1 — ) Hi(pye) + vHE (Bre),

(A.22)

where a firm’s new estimate of its value function is the value function associated with the

realized planning horizon (k}) and realized value of S; at date ¢:
. ki
Hf (be) = Hy* (bre, Sy).
Differentiating (A.22) with respect to py; gives

Hyi1(bpr) = (1 — ) Hpu(Dge) +vHS (o)

Under the fixed point x; = 1, the marginal continuation value function is

Hﬁ,t(ﬁft) = K [v; — ﬁft] .
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Using (A.17) at the selected horizon, the marginal estimate of the value function satisfies

*
K}

HE\(pge) = Hﬁﬁ(ﬁfuﬁt) = K [v(k}) —pr] = K [ -t —ﬁft] - (A.24)

1-46

The last equality uses vy(k) = pF together with the log-linear price index relation 7% =

(1—0)p;.

Substituting these two marginal value functions into (A.23) gives

K
A ™ A
Hppi1(ppe) = K | (1 = y)ve + 71 i 0 _pft] :

Comparing this expression with Hp11(ps) = Klvir — Ppe] implies

V1 = (L —y)vy + ’ylﬁikt*e. (A.25)
Finally, define trend inflation as the scaled marginal continuation value,
T = (1 —0)v. (A.26)
Multiplying (A.25) by (1 — 0) yields
Torr = (1= )T + 77
Since realized inflation is m; = ﬁf t*, trend inflation evolves according to
i1 = (1 — )7 + 7. (A.27)

A.5 Planning-Horizon Decision

Planning is costless at kK = 0 but costly to extend further into the future. Let 7(k) denote
the total cost of planning k periods ahead, with marginal cost A7y = 7(k+1) —7(k) > 0.
To determine £}, a firm starts at & = 0 and proceeds sequentially through k£ = 0,1,2,.. |
extending its planning horizon from k to k 4+ 1 whenever the marginal benefit exceeds the

marginal cost:
MB(k+ 1)(vg, 81) > ATgqa, k=0,1,2,..., (A.28)

and stops otherwise.
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The marginal benefit of extending the horizon from k to k + 1 is the increase in the horizon-
(k + 1) value from re-optimizing its price taking into account contingencies through period
t+k+1:

MB(k + 1) (v, 5) = HEFL(FH, 5) — HEL (5, 50), (A.29)

Expression (A.17) implies that HF ™ (pF, s,) satisfies:
R fot] A 1
Hf Y Py s0) = K {pfﬂpft - 51’3% + (kb + 1)}

Because (A.29) compares the same horizon-(k+1) objective evaluated at two different prices
while holding (k4 1, s¢, v;) fixed, the term ¢;(k + 1) drops out of the marginal-benefit calcu-

lation and we can write:

. . . 1, . 1, .
MB(k+ 1)(vs, s¢) = K [pfﬂ (pi€+1 _Pt) - §(pf+l)2 + E(pff]

which simplifies to:
K, . ey 2
MB(k+1)(vs, 8¢) = 3 (prtt —py)” > 0. (A.30)

Using (A.20), the one-stage reset-price increment can be written as

k+1

et = = 1-0 [ oy T+ p e — (1= B)m] (A.31)

where we have defined trend inflation as 7, = (1 — 0)v;. Substituting (A.31) into (A.30)
yields the stopping rule

k= min{k’ €{0,1,2,...}| %(ﬁf“ — )’ < Aml}. (A.32)

Thus, the planning horizon is determined by the point at which the squared one-stage change

in the firm’s desired reset price becomes too small to justify the additional planning cost.

B Proofs of Propositions

This section proves the two propositions in the main text. The proofs use the stopping
rule (A.32) and the one-stage reset-price increment (A.31) derived in Appendix A. We first
state a simple monotonicity result under which the one-stage look-ahead rule solves the full

sequential planning problem.

37



Lemma B.1 (Monotone one-stage look-ahead rule). For a fized state, let
Dt(k + 1) = MBt<]{] + 1) — ATk+1

denote the net marginal value of extending the planning horizon from k to k + 1. Suppose
Dy(k + 1) is weakly decreasing in k and that a finite stopping horizon exists. Then the

one-stage look-ahead rule
kf =min{k > 0: Di(k+1) <0}

solves the sequential planning problem generated by the one-stage net marginal values. Under
the convention that the firm selects the shortest horizon among ties, ky is the unique selected

global solution.

Proof. For every j < ki, Dy(j+1) > 0, so each extension before k} raises the cumulative net
value of planning. Because D;(k + 1) is weakly decreasing, D;(j + 1) < 0 for every j > k7.
Therefore any extension beyond k) adds only weakly negative net marginal value. Thus no
horizon below k; or above kf yields a higher cumulative net value, so k} solves the sequential
planning problem. If a longer horizon ties with k;, every intervening net marginal value

must be zero; the shortest-horizon tie-breaking convention selects k; uniquely. O

B.1 Proof of Proposition 3.1
Assume 0 < p, < 1, 1 = 0, and €5 = 0. Then (A.31) implies

k+1 k 6k+1 k+1
f)t+ — D¢ = 1 _e’fpy+ (e

Under the linear planning cost 7(k) = (K /2)7k, the stopping condition is

K BH1N? K
5((51/%:)6 Ryt) < 2

Because K > 0, this is equivalent to

. (1—0)7 ©
il < Gy = G ©

(]_ - 9)7’0.

Immediate stopping occurs at k = 0 iff |kg,| < ©/(Bp,). For k > 1, the firm chooses horizon
k iff it does not stop at £ — 1 but does stop at k. Since 0 < 8p, < 1, these two conditions
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are

Kl > o and RG] <
(Bpy)* (Bpy)Ert’
which implies
ki =k <— i<|/§gt’§L-
(Bpy)* (Bpy)ktt

For each candidate horizon k, the marginal benefit is

KB ) o

MBt(]f + 1) = 5 <mﬁ}py Yy -
Because 0 < fp, < 1, M By(k + 1) is weakly decreasing in k. The marginal cost is constant,
so the net marginal value D;(k+1) = M B;(k+1) — A7,y is weakly decreasing in k. Lemma
B.1 then implies that the one-stage look-ahead rule selects the unique global solution under
the tie-breaking convention. Away from cutoff states, no net marginal value is exactly zero,

so the global solution is unique without invoking tie-breaking.

The marginal benefit is therefore a function of the state only through |g;|. This establishes
symmetry: k*(9;,0,0) = k*(—g,0,0). It also establishes monotonicity. If |g1| < |a, then
MBy(k + 1;51) < MBy(k + 1;92) for every k. Therefore any stopping condition that is
satisfied at g is also satisfied at 7, so the first stopping horizon cannot be larger at ¢; than

at g. Thus k*(gy,0,0) is weakly increasing in |g|.

B.2 Proof of Proposition 3.2

Assume p, =1 and £, = 0. Then (A.31) becomes

o k1 gt
=Py = g ko = A= B)m] = 5,
where z; = ki — (1 — 8)7;. Under the linear planning cost 7(k) = (K/2)7¢k, the marginal

cost 1s constant:

K
ATy = Erg.

Substituting into the stopping rule (A.32) gives

K k+1 2 K
5(16_95”) <57
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Because K > 0, this is equivalent to

(1-0)7’0 . @

] < BE+1 T Bkt1’

e = (1 — 9)7’0.

Immediate stopping occurs at k = 0 iff |z;| < ©/8. For k > 1, the firm chooses horizon k iff
it does not stop at k — 1 but does stop at k. Since 0 < [ < 1, these two conditions are

e
|zy| > i and || < G
which implies
N ©

It remains to show that the one-stage look-ahead rule solves the sequential planning problem

in this case. The marginal benefit is

K k+1 2

Because 0 < 8 < 1, MBy(k + 1) is weakly decreasing in k. The marginal cost Aty =
(K/2)72 is constant, so the net marginal value Dy(k + 1) = M By(k + 1) — A1j,1 is weakly
decreasing in k. Lemma B.1 then implies that the one-stage look-ahead rule selects the
unique global solution under the tie-breaking convention. Away from cutoff states, no net

marginal value is exactly zero, so the global solution is unique without invoking tie-breaking.

C Forecast Construction and CG Regressions

This section describes the empirical CG regression used in Figure 3 and how the correspond-
ing model-implied forecasts, forecast errors, and forecast revisions used in the quantitative
results are constructed. The notation for the model objects follows the inflation equation in

the main text and the derivations in Appendix A.

C.1 Empirical CG Regression

The empirical coefficient in Figure 3 is constructed from Philadelphia Fed SPF GDP price
deflator level forecasts and real-time GDP price deflator vintages. The SPF level workbook

reports forecasts in columns denoted PGDP1, ..., PGDP6. For each survey origin, we use the
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one-year inflation forecast
ESPE =100 [log(PGDP5,) — log(PGDP1,)], (C.1)
and compare it with the previous survey’s forecast for the same calendar inflation window,
FSLE =100 [log(PGDP6,_;) — log(PGDP2,_,)]. (C.2)
The same-target forecast revision is therefore
REVSPE = pSPE _ pSEr, (C.3)

The realized inflation rate is constructed from the real-time GDP price deflator for the same
start and end quarters, using the first vintage available at least four quarters after the target

quarter. The forecast error is
FESPE = gl pSPE, (C.4)

We then estimate
FESPY = a 4 BogREVAPE 4wy (C.5)

The sample is 1969:QQ4 through 2007:Q4, with dates assigned by the target quarter. Standard
errors are Newey-West HAC standard errors with a Bartlett kernel and lag truncation of
four quarters. This procedure gives BCG = 1.248 with HAC standard error 0.494 and 148

observations, which is the empirical bar reported in Figure 3.

C.2 Forecasts of FHP Firms

The model forecasts are constructed from a firm with planning horizon k;. Define the number

of remaining planned periods relevant for a forecast of inflation h quarters ahead as
ty(h) = max{0, k; — h}. (C.6)

For j € {y, e}, define the h-step loading

Ap(e) = pp i O (1)

71— Bp;

The date-t subjective forecast of quarterly inflation h quarters ahead is

Efiwtyn = 8 Ayn(t(h)ie + A (te(h))és + B0, (C.8)
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This expression is valid for both fixed and endogenous planning. In the fixed-planning model,
ky is constant. In the endogenous-planning model, forecasts made at date ¢ condition on the

planning horizon chosen at that forecast origin.

The model analogue of the CG regression uses forecasts of average inflation over the next

four quarters. Define realized four-quarter average inflation from ¢ 4+ 1 through ¢ + 4 as

4
. 1 .
Rfvra = 1 Z Ttth- (C.9)
h=1
The date-t forecast of this object is
=
kf A N
Ft4,t+4 = Ettﬂft+4 =1 Z By T (C.10)
h=1

C.3 Forecast Errors, Revisions, and the CG Regression

The four-quarter-ahead forecast error is realized average inflation minus the date-t forecast:
4 _ AA 4
FEt,t+4 = T t4a — Ft,t+4- (C.11)

The same-target forecast revision compares the date-t forecast with the forecast for the same

inflation window made one quarter earlier:

REVZ;H = Ft%t+4 - Ft4—1,t+4' (C.12)
The earlier forecast is .
1 kXL
FtAil,t+4 1 Z B agn, (C.13)
h=2

so it uses quarterly inflation forecasts at horizons two through five from the perspective of
date t — 1.

The model analogue of the CG coefficient is estimated from simulated data using
FE! = a+ BegREV, y+ s (C.14)

For fixed planning, the regression sets k; = k* at every forecast origin. For endogenous
planning, the regression uses the date-specific k chosen by the model at the forecast origin.

Realized inflation uses future realized planning horizons, while the forecast made at date t
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uses the planning horizon chosen at date t.

D Model-Based Inflation Uncertainty

In this section of the appendix, we describe how we compute the one-quarter-ahead con-
ditional volatility of inflation in the endogenous-planning model. Because next-period’s
planning horizon is a nonlinear function, we use quadrature to approximate the conditional

volatility of inflation.

We begin by defining the date-t state as
St = (ghéstaﬁ—t)-

Given date-t information, current inflation is determined by (12), and the learning recursion

(13) pins down next period’s trend component:
ﬁ-t+1 = (1 — ’7)’7_1} —+ ’}/ﬁt (Dl)

Thus, when computing the one-step-ahead conditional variance, uncertainty comes from the

next-period innovations to aggregate demand and the supply disturbance:

gt-&-l (Zy) = pygt + OyZy, Ry N(()? 1)7 (DQ)
és,tJrl(zs) = peést + O0s2s, Zs ™ N(O7 1)7 (DB)
where z, and z, are independent.

For any realization (z,,z;s), the next-period planning horizon is obtained from the same

stopping rule as in (A.32). Specifically, define

k+1

Apﬁll(zyy zs) = 1-0 [FJPIZHZ?HI(Z@;) + o e (z) — (1 - 5)7_3%1} : (D.4)
Then ©
ki1 (zy, 25) = min {k €{0,1,2,...}| 3 [Apfill(zy,zs)f < ATk+1}. (D.5)

Given this horizon, the deterministic component of next-quarter inflation is
ﬁffl(zya zs) = KAy (k7o) e (zy) + Ac (k1) Es i1 (25) + BRI, (D.6)

* _ *
where ki = Ky (2y, 2s).
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Let {z;,w;}Y, denote order-N Gauss-Hermite nodes and weights. For any integrable func-

tion g of two independent standard-normal shocks,

Ei[g(zy, 25)] =~ iZZwlw]g V2,V 2x;). (D.7)

=1 j=1

Applying (D.7) to (D.6), the quadrature approximation to the conditional mean is

N N
= 22w A (Ve V), 03)

aw

and the corresponding conditional variance is
N N
1
=22 [t (V3i, VB~ (D)
i=1 j=1

The model-based conditional volatility is therefore
Ont = i}\t. (DlO)
In the numerical implementation used for the simulations, we use N = 5 nodes in each shock

dimension. The small nonnegativity adjustment in (D.10) only guards against roundoff error.

The fixed-planning benchmark is a useful special case. If the planning horizon is fixed at k,
the next-period inflation rule is linear in the two innovations and the planning horizon does
not move with (z,, zs). In that case,
ixe 2 2 2
(of(k))" = [8Ay (K)o, ]” + [Ac(k)o]". (D.11)
Hence fixed planning implies a constant conditional volatility. Endogenous planning gen-

erates time-varying volatility because the mapping from (zy, z;) to kj,; changes with the

current state (g, £st, Tt)-

E Empirical Inflation Uncertainty

This section summarizes the density-based inflation uncertainty measure used in the quan-
titative exercise. The object is the one-quarter-ahead predictive standard deviation of U.S.
core PCE inflation implied by the skew-t density model in De Polis et al. (2024).
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Let y; denote annualized quarterly core PCE inflation. The empirical model specifies the

conditional predictive density as

Yt | Y;ﬁ—l ~ Sktl/(ﬂ’b Ut2> Qt)7

where p, is location, oy is scale, g; € (—1, 1) governs asymmetry, and v controls tail thickness.
The asymmetry parameter tilts the density: positive values put more mass in the right tail
and negative values put more mass in the left tail. Since the density is asymmetric, the

conditional mean is

Ei yye = pu + g(v)oror,

where g(v) is determined by the skew-¢ family. The term g(v)o;0; is therefore the contribu-

tion of the balance of risks to the mean inflation forecast.

Time variation is introduced through a score-driven recursion for

ft = (/Lt, log Ot, atanh(gt))/.

These transformations keep the scale positive and the asymmetry parameter inside its ad-
missible interval. Each component is decomposed into persistent and transitory parts,
fi = fi + fi. After observing inflation at date ¢, the model updates both parts with the

scaled score of the log predictive likelihood:
Jerr = fi+ Asy, fer1=®f, + Bs,.

Here s; is the likelihood score premultiplied by the inverse square root of the Fisher informa-
tion matrix. In words, the location score responds to signed forecast errors, the scale score
responds to excess squared forecast errors, and the asymmetry score responds differently
to positive and negative errors. The Student-¢ tails dampen the influence of isolated large

observations, so the update is less fragile than a Gaussian score update.

De Polis et al. (2024) estimate the static parameters in these updating equations using
Bayesian methods. The priors put persistent dynamics on the transitory components and
conservative inverse-gamma priors on the score loadings. Posterior simulation is carried out

with an adaptive Metropolis-Hastings algorithm.
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