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Abstract

This paper develops a dynamic general equilibrium model with a macro-monopoly,
a firm large enough to affect aggregates, to explore how its profit-maximizing de-
cisions under commitment shape macroeconomic dynamics. Unlike monopolistic
competitors, a macro-monopoly internalizes its aggregate influence through five
channels: price, wage, interest rate, capital and implementability effects. Coun-
terfactual analysis shows that price and wage effects are the dominant sources of
distortion, while capital and implementability channels partially offset them. Un-
der baseline calibration, these channels reduce steady-state output by 5.7% relative
to the competitive benchmark, reaching 26.5% under configurations of high market
power. We contrast two profit valuation approaches: consumption-based (discount-
ing via the stochastic discount factor) and utility-based (weighting by contempo-
raneous marginal utility). Consumption-based valuation exhibits “initial-period
dependence”: raising period-0 consumption lowers initial marginal utility, reducing
the discount rate for all future profits and increasing their present value. This gen-
erates an additional source of time inconsistency, generating deviations far larger

than those from classical time inconsistency alone while reoptimizing.
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1 Introduction

In recent decades, the large corporations with rising market power have reshaped macroe-
conomic dynamics—for example, Samsung and Hyundai, which are large relative to Ko-
rea’s economy (Gabaix 2011). Those firms, as well as others, have influence in the aggre-
gate economy (Azar & Vives 2021). Yet this fact stands in stark contrast to the dominant
paradigm in macroeconomics, which relies on monopolistic competition frameworks a la
(Dixit & Stiglitz 1977, Blanchard & Kiyotaki 1987). In these models, firms may have
price-setting power in their product markets but remain passive takers of macroeconomic
conditions—treating aggregate prices, interest rates, and marginal utilities as exogenous
parameters beyond their control. This disconnect between reality and theoretical model-
ing leaves critical questions unanswered about how large firms’ strategic decisions shape
the broader economy.

This paper bridges this gap by developing a dynamic general equilibrium model fea-
turing a “macro-monopoly”’—a single firm large enough to influence aggregate output,
consumption, and investment through its production decisions. Our analysis pursues
two primary objectives: first, to establish a theoretical framework capable of capturing
the dynamic interactions between a large firm and the macroeconomy over time; second,
to identify and quantify the specific distortions introduced through five channels: price
effects operating through market power over both sectors’ output, wage effects through
both goods and labor market reallocation, interest rate effects through consumption path
manipulation, capital effects through resource constraint binding, and implementability
effects through household Euler equation impacts. Unlike static models that focus on
current outcome, our framework endogenizes the interaction between the firm’s intertem-
poral choices and the aggregate conditions that determine its profitability, which gives
us the chance to discuss the transition dynamics and time inconsistency.

It is worth noting that our framework is a stylized model designed to isolate core
mechanisms. While in reality, market power affecting aggregate outcomes often takes
the form of oligopolies with multiple large firms, we focus on the extreme case of a
single monopolist. This simplification allows us to more clearly analyze the fundamental
economic forces how a firm’s awareness of its influence on aggregate conditions shapes
its intertemporal decisions. The insights derived from this monopoly case provide a
theoretical foundation for understanding more complex oligopolistic settings.

Constructing such a model presents significant challenges. First, a macro-monopoly
inherently operates within a leader-follower structure, creating a dynamic Stackelberg
game where the firm’s decisions must account for households’ and small firms’ forward-
looking responses. This strategic interaction introduces non-trivial forward-looking con-
straints that amplify the complexity of incorporating capital accumulation—a cornerstone

of long-term firm behavior. As noted, existing models either restrict firms to industry-



level interactions (Gabaix 2011, Baqaee & Farhi 2019, Carvalho & Grassi 2019) or abstract
from capital dynamics entirely(Azar & Vives 2021). Our approach explicitly analyzes how
profit valuation rules interact with intertemporal decisions when firms recognize their
ability to shape economy-wide outcomes.

Second, modeling macro-monopolies raises fundamental questions about objective
function specification: how should a firm that understands its ability to alter equilib-
rium conditions structure its intertemporal profit maximization problem? Unlike smaller
firms, macro-monopolies face a unique tension: their production decisions endogenously
change the interest rate and discount factors used to value future profits. This paper fol-
lows the standard practice in macroeconomics of assuming firms maximize their present
discounted value of future cash flows (Lucas 1978, 7) but departs critically from the
literature by relaxing the exogenous discounting assumption. Most macro studies take
discount factors unaffected by the firm’s own actions, a simplification that overlooks
the critical channel through which aggregate consumption changes—driven by the large
firm’s decisions—alter marginal utilities and thus profit valuations. We explicitly com-
pare two valuation approaches: consumption-based valuation (valuating profits by units
of initial-period aggregate consumption) and utility-based valuation (valuating profits
by units of utilities), demonstrating how objective function specification fundamentally
shapes dynamic behavior.

Our analysis yields three key findings that advance understanding of large-firm macroe-
conomics. First, through steady-state comparative statics and counterfactual analysis,
we show that macro-monopoly power reduces aggregate output by 6% under baseline cal-
ibration (corresponding to 24% GDP share), reaching 27% under configurations of high
market power (corresponding to 80% GDP share). Counterfactual analysis excluding cer-
tain effect reveals that price and wage effects are the dominant sources of welfare losses,
while capital and implementability effects paradoxically discipline monopoly power by
imposing intertemporal constraints.

Second, we identify a distinctive feature of consumption-based valuation: “initial-
period dependence.” By increasing period-0 production to raise aggregate consumption,
the firm reduces initial marginal utility U’(co)—the normalization factor converting the
total utility value of future profits into units of initial consumption—thereby boosting
their present value. This mechanism is absent in subsequent periods under committed
plans, creating structural asymmetry where initial allocations systematically differ from
other decisions. Both objectives converge to identical steady states, but time paths dif-
fer qualitatively during transitions due to this feature. For capital stocks below steady
state, consumption-based valuation slows accumulation by reallocating labor toward the
monopoly sector at initial period; for stocks above steady state, it accelerates decumula-
tion through the same channel operating in reverse.

Third, we demonstrate that initial-period dependence creates an additional source of



time inconsistency-valuation-driven time inconsistency. This mechanism is analogous to
the “present bias” in quasi-hyperbolic discounting models, and operates alongside the
classical mechanism rooted in forward-looking constraints. When reoptimizing at period
1, consumption-based valuation resets the normalization factor from U’(¢y) to U’(¢1). Nu-
merical analysis quantifies this dual inconsistency: under baseline calibration with low
initial capital, reoptimized monopoly labor surges 175% relative to the committed plan,
while aggregate consumption rises 32%. In contrast, utility-based valuation—which elim-
inates this valuation-driven time inconsistency—exhibits deviations below 2%, isolating
the contribution of classical inconsistency. This contrast (175% versus 2%) establishes
valuation-driven time inconsistency as the quantitatively dominant source of plan revision
for firms using consumption-based valuation.

Our work connects with several strands of literature while offering distinct contri-
butions. The literature on time inconsistency(Kydland & Prescott 1977) has primar-
ily focused on policymakers’ behavior, with limited applications to firm dynamics. We
demonstrate that a macro-monopoly’s profit-maximization problem can generate a form
of time inconsistency that is structurally akin to the “present bias” found in the hy-
perbolic discounting literature (Laibson 1997). The shared feature is an asymmetric
treatment of the present versus the future within the objective function. However, the
source of this asymmetry is fundamentally different. In behavioral models, present bias
is typically a primitive assumption about preferences. In our model, the asymmetry
arises because the firm’s choice in the present have a dual impact: it affects profits and
simultaneously establishes the normalization factor, U’(cy), for valuing the entire future
profit stream. From the perspective of any future period, however, the firm’s choices
only affect profits, as the normalization factor is predetermined. This endows the initial
period with a special status, making its consumption level, ¢q, the unique benchmark for
all subsequent profits—a role not shared by any future period. This asymmetry, rooted
in the standard logic of asset pricing rather than psychology, creates a novel mechanism
for time inconsistency.

Methodologically, our approach parallels the Ramsey problem literature (Lucas &
Stokey 1983), where planners account for . However, while Ramsey analyses focus on
social welfare maximization with exogenous policy instruments, we examine profit max-
imization where the valuation metric—marginal utility—is endogenously determined by
the firm’s own choices. This shifts analytical focus from optimal fiscal policy design to
optimal production plan for large firms.

Methodologically, our approach parallels the Ramsey problem literature (Lucas &
Stokey 1983), where a planner optimizes its choices while accounting for the policy effects
on household behavior. However, the identity of the planner, the objective, and the choice
variables are fundamentally different in our setting. The classical Ramsey planner is a

benevolent government or central bank that chooses fiscal policy or monetary policy



instruments to maximize social welfare or policy target. In contrast, our planner is a
private, profit-maximizing firm, and its choice variables are its own production and labor
plans. This re-framing naturally shifts the analytical focus from the design of optimal
fiscal policy to the optimal production strategy for a large firm.

The remainder of the paper proceeds as follows. Section 2 outlines the baseline model,
including household preferences, competitive firms’ problem, the macro-monopoly’s prob-
lem, Ramsey-style formulation, and the two profit valuation schemes. Section 3 analyzes
an analytical special case to underscoring the initial-period dependence mechanism. Sec-
tion 4 presents steady state comparative statics in the general case, and counterfactual
analysis to identify dominant channels. Then we analyze transition dynamics. Section 5
examines time inconsistency by comparing committed versus reoptimized plans, decom-
posing the dual sources of deviation. Section 6 concludes with implications for regulating

policy and macroeconomic modeling of large firms.

2 The Model

We consider a dynamic general equilibrium model with a monopolistic sector large enough
to affect aggregate outcomes. The economy consists of a representative household, a
continuum of competitive firms in sector 1, and a single monopolistic firm in sector 2.
The monopolist recognizes its influence on equilibrium prices, wages, interest rates, and
capital accumulation, internalizing these effects when formulating optimal production
plans under commitment. We analyze two alternative profit valuation objectives that
differ in the unit, and introduce the first-best allocation where both sectors operate

competitively as a benchmark.

2.1 Households

A continuum of identical households with measure one maximizes lifetime utility. The
representative household’s preferences are defined over a composite consumption good ¢,
which aggregates sector-specific consumption goods c¢j; and ¢y via a constant elasticity
of substitution (CES) function:

v

y=1 y=l ] ~-1

c = (9c1tT +(1- H)CQtT (1)

where 6 € (0,1) governs the relative weight on good 1, and v > 0 denotes the elasticity
of substitution between the two goods. Period utility takes the constant relative risk

aversion form:

(2)



where o > 0 measures the coeflicient of relative risk aversion. The household’s lifetime

utility is:

o0

S 81U () (3)

t=0
with discount factor § € (0,1).
The household faces a sequence of budget constraints. In each period ¢, it allocates
income from labor, capital rental, bonds purchased in the previous period, and firm profits

to consumption, asset purchases, and new bond holdings:
P1eC1t + DarCor + Preegr + by = wy 4 pre(1 + pe)ag + (1 +d)by + T + 7oy (4)

where py; and py; denote the prices of goods 1 and 2, a; represents assets (physical
capital) purchased in units of good 1, b; denotes risk-free bond holdings, w; is the wage,
pe is the returns rate of asset, 7; is the risk-free interest rate, and 7; represents profits
from sector 7. We assume only good 1 can be converted one-to-one into physical capital,
while good 2 serves purely for consumption. Labor supply is inelastically fixed at one unit
per household. The households equally own all firms in the economy, with non-tradable
shares ensuring profit distribution but no secondary asset markets beyond capital and
bonds. The numeraire in this economy is the composite consumption good ¢;, where price
for the composite consumption good p; is 1.

The household’s optimization yields standard first-order conditions for consumption

allocation and intertemporal choice.
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2.2 Competitive Sector

Sector 1 consists of a continuum of identical competitive firms with measure one. Each
firm operates a constant elasticity of substitution production technology that combines
capital and labor:

v = Arlaky ™"+ (1= a)ly; "= (9)



where A; > 0 denotes total factor productivity, k; is capital employed, [y, is labor em-
ployed, a € (0, 1) represents the capital share parameter, and n > 0 governs the elasticity
of substitution between factors. The capital stock depreciates at a constant rate 6 each
period. Firms rent capital from households at rate r, and hire labor at wage w;, taking
both factor prices as given.
The representative firm in sector 1 solves a static profit maximization problem each
period:
max Iy = preyie — purehe — welye (10)

ke,lit
Standard first-order conditions yield factor pricing equations that equate marginal prod-

ucts to factor prices:
_n
re=Avafak, "+ (1 —a)ly, " T kT (11)

wy = preAi(1 — ) [aktl*" + (11— a)l%;”] = (12)

Perfect competition in sector 1 ensures zero economic profits in equilibrium, with all

output distributed to capital and labor according to their marginal contributions.

2.3 Market Clearing

The monopolist recognizes that in equilibrium, all markets must clear. The labor market
clearing condition is:
Lo+ Iy = 1 (13)

reflecting the fixed unit labor supply. The asset market clears when household asset

holdings equal capital employed in sector 1:
a; = ki (14)
The market for goods 1 clears when production equals consumption plus net investment:
Y1t = 1t + keyr — (1 = )k (15)
Combine asset market and goods 1 market clearing condition, we have:
pr="1—0 (16)
The market for goods 2 clears when production equals consumption:

Yor = Cot (17)



The bond market clears when aggregate bond holdings are zero, as there is no external
borrowing or lending;:

by =0 (18)

The profits that households receive equals the firms’ profits.

T = Hlt, Tyt = H2ta (19)

2.4 Monopoly Sector

Sector 2 consists of a single firm with linear production technology:

Yo = Aala (20)

where As; > 0 denotes labor productivity and [o; represents labor employed in sector 2.

The monopolist’s profit in period ¢, measured in units of composite consumption, is:

Uy = @yzt - %1215 (21)
bt Pt
where p; is the aggregate price index corresponding to the composite good numeraire,
and p; = 1.

The monopolist is managed by a professional manager. We consider that the man-
ager’s compensation depends on the market value of the firm, defined as the present
value of future profit streams. To maximize this value, the monopolist chooses an opti-
mal production plan, represented by the sequence of labor allocations {ly:}7°,. The value
is calculated using the equilibrium risk-free rate to discount, which is endogenous to the
monopolist’s decisions through their impact on aggregate consumption paths.

This suggests the following objective for the monopolist:

Objective 1: Consumption-Based Valuation

o)

1
max Y =TIy (22)
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The monopolist’s primitive problem is maximize the objective by choosing production

plan {lo}2,, subject to
1. The household’s first-order conditions (Equations 5-8).
2. The competitive firms’ first-order conditions (Equations 9, 11,12).
3. All market clearing conditions (Equations 13-19).

We consider an alternative scenario where the manager’s compensation remains linked



to firm value, but shareholders at the initial-period meeting specify that value should be
measured in utility units rather than consumption units.
Objective 2: Utility-Based Valuation

o0

1
max U'(co) Y —— 11 23
{l2r}2, (c0) ;Hio(lﬂs) “ 23

The constraints are the same.

An equilibrium consists of sequences of allocations {ciy, Car, ki1, lit, l2t 152, and prices
{p1t, pat, we, e, pr, it 52 such that households optimize given prices, competitive firms in
sector 1 maximize profits taking prices as given, all markets clear, and the monopolist in
sector 2 solves its dynamic optimization problem recognizing the impact of its decisions

on equilibrium prices and quantities.

2.5 Ramsey-Style Formulation

The monopolist’s problem is inherently a dynamic Stackelberg game. The monopolist
acts as a leader, choosing its production plan, while households and competitive firms
act as followers, optimizing based on the resulting macroeconomic environment. In the
most primitive form, the monopolist would choose a production plan {lo;}52,. It must
then anticipate the followers’ optimal responses (consumption, savings, factor prices) to
this plan and the general equilibrium it induces. Solving this problem directly is complex
because the monopolist’s constraints are determined by the followers” optimal behavior,
which itself is a reaction to the monopolist’s chosen path.

To avoid this complexity, we adopt the Ramsey approach. Instead of choosing produc-
tion plan only, we allow the monopolist (the “planner”) to choose the final allocations,
such as {cy, 21 }52,, directly. However, the planner cannot choose any arbitrary allo-
cation. The chosen path must be implementable—that is, it must be an outcome that
rational households and firms would willingly support in a market equilibrium.

The key to ensuring implementability lies in incorporating the household’s intertem-
poral Euler equation. By including the Euler equation as an implementability constraint,
we force the monopolist to select only from the set of consumption paths that households
would find optimal. This is precisely what grants us the “right” to treat the allocation
sequence {cy;}°, as a choice variable for the planner. With the choice variables trans-
formed, equilibrium prices can be substituted out of the problem by expressing them as
functions of the chosen allocations. This reformulation is the cornerstone of the Ramsey

method, and its validity is established by the following proposition.

Proposition 1 (Equivalence of Ramsey-Style Formulation). The solution to the
Ramsey problem, where the planner chooses the allocations to mazximize the monopolist’s

objective function subject to resource and implementability constraints, is equivalent to



the equilibrium outcome of the original primitive problem.

(Proof in Appendiz A.2)
The monopolist’s problem can now be expressed entirely in terms of allocations. Under

Objective 1 (consumption-based valuation):

o

U'(cy) ( Oy dcy Oyn
e ) (9 o Gty 24
{r:l?,%i)}(?io — U'(co) \ Oca 2l 7% dery Oy (24)

subject to the household’s Euler equation for capital (the implementability constraint):

, 0 0 0
U (Ct)% = ﬁU/(Ct+1)acclt::1 ( (;Jl;il +1-— (5) (25)

and the resource constraint:
kipr = (1 =)k + y1e — c1e (26)

This formulation reveals five distinct channels through which the monopolist inter-
nalizes its aggregate impact. The price effect appears through dc;/0cy;, capturing how
changes in c¢y; and cq; affect the relative valuation of good 2 in the composite consumption
bundle. The wage effect appears through (dc;/0c14)(Oy1;/0las), reflecting how reallo-
cating labor between sectors alters the competitive sector’s marginal product of labor
and the effect of the relative valuation of good 1 in the composite consumption bundle.
The interest rate effect operates through the discount factor S'U’(¢;)/U’(cp), show-
ing how production decisions influence the entire path of stochastic discount factors by
shaping the consumption trajectory. The capital effect enters through the resource
constraint, linking current allocation decisions to future capital stock via sector 1 output.
The implementability effect appears through the Euler equation constraint, demon-
strating how announced future allocations affect current household saving behavior and
thus current consumption allocations.

Notably, the normalization by U’(cy) treats initial-period marginal utility as the fixed
measuring stick for intertemporal comparison, following conventional asset pricing where
present value calculations anchor at the initial date. However, this formulation creates
tension when the firm is large enough to influence aggregate consumption. Decisions in
period 0 that increase ¢y reduce U'(cg), thereby altering the normalization factor that
determines how all future profits are valued. This observation motivates an alternative
specification that eliminates this structural asymmetry between the initial period and all
others. Objective 2 can serve this exact purpose.

Under Objective 2 (utility-based valuation), the formulation differs only in the dis-



count factor weighting;:
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subject to the same Euler equation and resource constraints. All five channels remain

operative, but the normalization by U’(cg) is excluded.

2.6 First-Order Conditions and the Five Channels

To make explicit how the five channels operate, we derive the first-order conditions. For
clarity, we will use the FOC with respect to c¢;; as the primary example to illustrate the
five channels and the unique normalization effect in Objective 1. The full set of FOCs,
including those for co;, are detailed in Appendix B.

The first-order condition with respect to ¢q; for ¢ > 1 reveals the interactions of all

five channels:

1 ¢y 0%c, d%ci Oy
| U"ey)=—T1 U’ Aglyy + U’ —I
U'<CO> <\ ( >301t 2t (Ct) 3C1t362t ? 2i+ (Ct) ac%t Olyy 2
interest rate effect price effect wage effect
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capital effect c1e ‘it (28)
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implementability effect for next period
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-

TV
implementability effect from previous period

where )\; is the Lagrange multiplier on the Euler equation at time ¢ and p, is the multiplier
on the resource constraint.

Each term in this condition corresponds to one of the five channels.

The price effect operates through U’(c;)(0%c;/dc1:0ca;) Asla:. This term reflects how
changes in ¢y, affect the marginal contribution of monopoly output cy; to aggregate con-
sumption, which is the relative price. In this CES aggregator, increasing c¢y; increases the
relative price of good 2, and further increases the present value contribution of period-t
profits.

The wage effect appears through U’(c;)(9%c;/9c2,)(Oy1¢/Olat)la. This term captures
how changes in ¢y, affect price of good 1, and interact with the monopolist’s labor allo-
cation decision through general equilibrium wage effects. Recall that dyy;/dly; < 0 be-
cause increasing monopoly labor reduces competitive sector output, lowering the marginal
product of labor in sector 1. The term 9%c;/dc3, is negative, overall the term is positive:

increasing ¢y, increases the present value contribution of period-t profits.
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The interest rate effect appears through U”(¢;)(9¢:/Ocyt) 1y, capturing how changes
in ¢y alter aggregate consumption ¢;, which changes marginal utility U’(¢;), and thus the
discount factor applied to period-t profits. Since U” < 0, increasing c¢;; (which raises
¢¢) reduces marginal utility, lowering the effective discount rate and reducing the present
value contribution of period-t profits.

The capital effect is the shadow value y; on the resource constraint. This multiplier
measures the marginal value of relaxing the capital accumulation constraint at time t,
representing how changes in ¢y affect investment and future capital stock.

The implementability effect enters through two terms involving the Lagrange mul-
tiplier A; on the Euler equation. The term with ); reflects how current consumption cy;
affects the constraint linking period ¢ to period ¢+ 1: changes in ¢; alter U’(¢;), tightening
or loosening the Euler equation. The term with \;_; captures the corresponding effect
from the previous period’s Euler equation, which links period ¢ — 1 to period t.

For period 0, the first-order condition includes an additional term unique to consumption-

based valuation:

oIl , oo \> ., 0
2~ o (U (co) <ﬁ) +U (60)8_20> — Mo
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normalization effect

The normalization effect, appearing only in period 0 under Objective 1, creates struc-
tural asymmetry between the initial period and all subsequent periods. This term cap-
tures how period-0 decisions affect the normalization factor U’(cy) converting the total
utility value of future profits into units of initial consumption. Increasing c;( raises aggre-
gate consumption ¢y, reducing marginal utility U’(cy) due to diminishing returns. Since
all future profits in the objective function are divided by U’(cp), a lower normalization
factor increases their present value. This effect is absent in periods ¢ > 1 because U’(co)
is predetermined from their perspective.

The five channels respect to co; are the same, except the price and wage effect are
in the opposite direction. The corresponding conditions for Objective 2 are similar to

above, while lacking the normalization effect. The details are presented in Appendix B.

2.7 First-Best Allocation

To evaluate the consequences of monopoly power and assess the quantitative importance
of the five distortion channels, we introduce the first-best allocation as a benchmark.
This allocation solves the social planner’s problem when both sectors operate competi-

tively, eliminating market power distortions while retaining all production technologies

11



and household preferences.
The social planner maximizes household lifetime utility by choosing paths for sector-1

consumption, and sector-2 labor:

o)
max 'Ule 30
{c1t,l2t}32 tZ:(; ﬁ ( t> ( )
subject to the resource constraint:
ki1 = (1= 0)ke +y1e — cue (31)

The first-order conditions characterize the efficient allocation.

Ocy /ey A,
_ 32
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which equates the marginal rate of substitution between goods 1 and 2 to their marginal

rate of transformation. The intertemporal efficiency condition follows from combining
the first-order conditions for cy; and kyi1:
aCt

0 0
) et = B0 ) e (104 ) (33)

This benchmark allocation satisfies three defining properties. First, intratemporal
optimality ensures no reallocation of resources across sectors within any period can raise
household utility, as the social marginal benefit of each good equals its social marginal
cost. Second, intertemporal optimality ensures the consumption-saving trade-off equates
the marginal utility of current consumption to the discounted marginal utility of future
consumption enabled by capital accumulation. Third, the absence of markup distortions
means labor and capital are compensated at their social marginal products without any
wedge created by market power. This benchmark thus provides a clear metric to assess

how the monopolist’s objectives deviate from Pareto efficiency in subsequent sections.

3 Analytical Characterization: A Special Case

To build intuition and validate our numerical methods, we first solve a special case with
analytical solutions. The detailed derivation and formulation for this special case are

presented in Appendix C. We impose the following parameter restrictions:

1
—=0=n and 0=1 (34)
~

Under these conditions, the household’s first-order conditions imply that ¢y is pro-

12



portional to yq;:
cry = (1 — (aﬁAi*”)%> Y1t (35)

This proportionality dramatically simplifies the monopolist’s problem, as the forward-
looking constraints effectively disappear from the optimization, making consumption a
constant fraction of output regardless of the monopolist’s choices. Moreover, this pro-
portionality ensures that any change in the marginal product of labor (MPL) in sector 1,
driven by the accumulation of capital, is perfectly offset by a corresponding change in the
price of good 1. Therefore, for Objective 2 (utility-based valuation), the time-symmetric
nature of the objective function means the monopolist faces an identical static trade-off
in every period. This results in a constant optimal labor allocation, lo; = I, for all time
periods t > 0.

In contrast, Objective 1 (consumption-based valuation) exhibits the “initial-period
dependence” that is one of the key findings of our analysis. For all periods ¢t > 1,
the optimal labor allocation is the same constant, ly, = o, identical to the solution
under Objective 2. This is because from the perspective of any period after t = 0,
the normalization factor U’(¢y) is a predetermined constant. However, the decision for
the initial period, [y, is different. At ¢ = 0, the monopolist recognizes that increasing
its production (and thus aggregate consumption ¢g) reduces the marginal utility U’(co).
Since all future profits are divided by this term, a lower U’(co) inflates their present value.
This creates a unique incentive to manipulate initial production, causing lyg to deviate
from the constant value [s.

These distinct behaviors under the two objectives can be formally stated in the fol-

lowing proposition.

Proposition 2 (Initial-Period Dependence in the Special Case). Under the pa-
rameter restrictions %Y =0 =mn and d = 1, the monopolist’s optimal plan exhibits distinct

properties based on its objective.

1. Under Objective 2 (utility-based), the optimal labor allocation is a constant for all
periods, loy = lo, fort > 0.

2. Under Objective 1 (consumption-based), the optimal labor allocation is loy = Iy for

all future periods t > 1, but deviates in the initial period, log > ls.

This deviation at t = 0 under Objective 1 is a direct consequence of initial-period de-
pendence, where the monopolist strategically increases initial production to reduce the

normalization factor U'(cy).

Figure 1 presents the parameter sensitivity. The results first confirms our theoretical

predictions that initial-period labor allocation lyy for Objective 1 is higher than labor

13
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Figure 1: Parameter Sensitivity Analysis: Sector 2 Labor Allocation Across Key Param-
eters

allocation ly; when t > 1, on entire parameter space. We also observe that [y is lower
than first best case, showing the existence of distortion.

Figure 2 shows that welfare under Objective 1 is superior than Objective 2. The
initial increase of lyy allows for a more beneficial initial consumption. However, compare
to the first best case, the superior is small.

From figure 3, the capital path is affected by the initial labor decision a lot. Objective
1’s incentive to boost initial consumption (by allocating more labor to sector 2) results
in slower initial capital accumulation compared to Objective 2, when the initial capital is
lower than steady state. When the economy starts with a high capital level, Objective 1
decumulates faster. The temporary dip in capital below its steady state under Objective
1 is an artifact of the complete depreciation assumption (§ = 1) combined with the strong
initial consumption motive.

The consumption paths in figure 4 provide direct evidence of the initial period depen-
dence. Objective 1 consistently generates higher initial consumption (cy) than Objective
2. This is the direct result of the monopolist’s incentive to manipulate the normalization
factor U'(cy).

4 General Case: Steady State and Dynamics

The analytical special case in Section 3 provides characterization of the monopolist’s be-

havior under restrictive parameter values, highlighting the normalization effect. We now
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Figure 4: Aggregate Consumption Dynamics.

turn to the general case, where parameters are relaxed for more flexible calibrations. We

begin by examining the steady-state properties, before analyzing the transition dynamics.

4.1 Steady-State Comparative Statics

In steady state, all variables are constant, and both objectives yield identical steady-state
allocations, which we compare against the first-best benchmark. We compute steady

states across variations in the preference weight # and sector 1 TFP A;, with other
parameters held at the baseline values in Table 1.

Table 1: Baseline Parameter Calibration

Parameter Value Source

S (discount factor) 0.96 Kydland and Prescott (1982)
o (risk aversion) 0.9 Jones (2000)

v (elast. of subst.) 2.0 Bouakez et al. (2009)

0 (weight on good 1) 0.5 Match 24% of GDP

n (production elast.)  1.06 Antras (2004)

a (capital share) 0.33 Standard

d (depreciation) 0.1 King and Rebelo (1999)
Ay, Ay (TFP) 1.0 Normalization

Figure 5 illustrates that the monopoly’s distortions are most severe when its product is
highly valued by households (low #). The monopolist consistently restricts its own output
(c2) and over-accumulates capital (k) relative to the first-best. At the baseline (0 = 0.5),
this leads to a 5.7% reduction in total output value. This loss widens to 26.5% in the
high-power case (6 = 0.15), where the monopoly good is central to utility, but shrinks
to just 0.1% when the good is peripheral (§ = 0.85). The over-accumulation of capital

and over-production of good 1 are general equilibrium consequences of the monopolist
restricting labor in its own sector.
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Figure 6 shows that while higher productivity in the competitive sector (A;) boosts
overall output, it does not eliminate the core monopoly distortion. The monopolist’s
decision to restrict its output (cy) remains largely independent of A;. Consequently,
as the competitive sector becomes more productive, the economy becomes increasingly
skewed toward overproduction of good 1 and over-accumulation of capital. While the
aggregate output loss relative to the first-best shrinks (from 12.2% at A; = 0.5 to 2.2%
at A; = 2.0) because the economy is richer overall, the fundamental misallocation of
resources persists.

These comparative statics exercises consistently point to a specific pattern of distor-

tions, which we summarize in the following remark.

Remark 1 (Key Steady-State Distortions). The steady-state analysis reveals that
the macro-monopoly introduces significant distortions relative to the first-best allocation.
The distortions induce under-production of the monopoly good c;, over-accumulation of
capital k, and over-production in the competitive sector (c;). These distortions are most
pronounced when the monopoly’s product is highly valued by consumers (low ¢). The
loss relative to the first-best shrinks as the competitive sector become more productive

Having established the nature of the steady-state distortions, we now turn to quan-
tify the contribution of each channel. We conduct a counterfactual exercise where we
selectively eliminate individual channels from the monopolist’s first-order conditions and
recompute the steady-state allocation. Eliminating a channel corresponds to assuming
that the monopolist no longer recognizes its influence through that particular margin—the
firm ceases to internalize how its decisions affect equilibrium outcomes through that spe-
cific mechanism. Operationally, this means setting the associated term in the first-order
condition to zero. This excercise isolates the marginal impact of each channel on equi-
librium outcomes, allowing us to assess which mechanisms are most responsible for the
deviations from the first-best benchmark.

We consider five counterfactual scenarios corresponding to the five channels identified
in Section 2: price, wage, interest rate, capital, and implementability effects. In the
“Price Taker” scenario, we force the monopoly to act as a price taker on its own
goods market. The monopolist no longer recognizes that changes in its decisions affect
the marginal utility of sector-2 goods and thus the relative price py/p. In the “Wage
Taker” scenario, we force the monopoly to act as a wage taker on labor market. The
monopolist ignores how its labor allocation affects the equilibrium wage through general
equilibrium spillovers in sector 1. In the “Interest Rate Taker” scenario, we force
the monopoly to act as an interest rate taker in the economy. The monopolist does not
account for how its decisions alter marginal utility of consumption path and thus the

discount factor applied to current-period profits. In the “Next-Period Capital Taker”
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scenario, the monopolist fails to recognize that current production and consumption
decisions constrain future capital accumulation. In the “Without Implementability
Effect” scenario, the monopolist ignores the forward-looking FEuler equation constraint
linking current consumption to future capital returns, while the Euler equation still holds
in the equilibrium.

Table 2 reports the steady-state outcomes under each counterfactual scenario at the
baseline parameter values, along with the full model (where all five channels operate)
and the first-best benchmark. For each scenario, we show the steady-state values of key

variables and their percentage deviations from the first-best.

Table 2: Steady-State Outcomes Under Counterfactual Scenarios

k5 ey’ 5’ o Total Output
First Best 1.521  0.533 0.531 0.532 0.608
Full Model 2.700  0.946 0.168 0.478 0.574
(% vs FB) (77.5%) (77.5%) (—68.4%) (—10.2%)  (=5.7%)
Price Taker 2.042  0.715 0.371 0.529 0.617
(% vs FB) (34.3%) (34.3%) (—30.2%) (—0.6%) (1.4%)
Wage Taker 2.333  0.817 0.281 0.514 0.607
(% vs FB) (53.4%) (53.4%) (—471%) (—3.4%) (—0.2%)
Interest Rate Taker 2.565  0.899 0.210 0.494 0.589
(% vs FB) (68.6%) (68.6%) (—60.6%) (—7.2%) (—3.1%)
Next-Period Capital Taker 2.761  0.967 0.149 0.469 0.565
(% vs FB) (81.5%) (81.5%) (—=71.9%) (—11.9%) (=7.1%)
Without Implementability 2.743  0.961 0.155 0.472 0.568
Effect (% vs FB) (80.3%) (80.3%) (—70.9%) (—11.3%)  (—6.6%)

The price and wage effects emerge as the dominant sources of distortion. Eliminating
the price effect dramatically reduces capital over-accumulation from 77.5 percent above
the first-best to only 34.3 percent. Consumption of good 2 rises from 68.4 percent be-
low the first-best to only 30.2 percent below, indicating that much of the monopolist’s
output restriction is driven by the recognition that limiting supply raises the relative
price po/p. Total output improves from 5.7 percent below the first-best to 1.4 percent
above, suggesting that the price effect is the single most important source of aggregate
inefficiency.

The price and wage effects emerge as the dominant sources of distortion. Eliminating
the price effect dramatically reduces loss of aggregate consumption from 10.2% to 0.6%.
Total output improves from 5.7 percent below the first-best to 1.4 percent above, sug-
gesting that the price effect is the single most important source of aggregate inefficiency.

Eliminating the wage effect also yields substantial improvements, though somewhat
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smaller than removing the price effect. Aggregate consumption rises from 10.2 percent
below the first-best to 3.4 percent below. Total output reaches 0.2 percent below the
first-best, nearly achieving efficiency.

It is worth noting that, removing the capital or implementability effects worsens out-
comes relative to the full model. Without the capital channel, aggregate consumption
decreases to 11.9 percent below the first-best and total output falls to 7.1 percent below
the first-best. Without the implementability channel, aggregate consumption decreases to
11.3 percent below the first-best and total output falls to 6.6 percent below the first-best.
These counterfactual scenarios demonstrate that the capital and implementability effects
partially mitigate the monopolist’s distortions by imposing intertemporal constraints that
limit the firm’s ability to exploit its market power.

The results from this decomposition exercise reveal a crucial hierarchy among the five

channels, which we distill in the following remark.

Remark 2 (Dominant vs. Disciplining Channels). The counterfactual exercise
reveals that the price and wage effects are the dominant sources of distortion. Elimi-
nating them brings the allocation much closer to the first-best. Conversely, the capital
and implementability effects act as disciplining forces; they impose intertemporal con-
straints that partially mitigate the monopolist’s market power. Removing these channels

paradoxically worsens the steady-state outcome.

These findings have important policy implications. Regulations targeting the monop-
olist’s price-setting behavior and labor market distortions are likely to be most effective
in reducing welfare losses. The price effect can be addressed through markup regula-
tion or price caps that limit the firm’s ability to exploit scarcity. The wage effect can
be mitigated through labor market policies that reduce the monopolist’s influence over
equilibrium wages, such as wage subsidies in sector 1 or employment mandates in sector
2. In contrast, interventions aimed at capital accumulation or intertemporal planning
may have limited impact or even backfire by removing constraints that currently limit
monopoly power. For instance, policies that relax capital accumulation constraints—such
as investment subsidies or reduced capital taxation—might paradoxically increase distor-
tions by enabling the monopolist to over-accumulate capital more aggressively without

the moderating influence of the resource constraint.

4.2 Dynamics: Numerical Analysis

Having characterized the steady state, we now examine transition dynamics. To do so,
we solve it numerically using a finite-horizon approximation. We acknowledge that a
recursive solution is viable—for instance, by first solving the model for all periods t 1

and then solving for the initial period t = 0, as we elaborate in the appendix. However,
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given that our primary goal is to characterize the transition dynamics, the finite-horizon
approximation offers a more efficient computational pathway compared to the recursive
alternative. We relegate the technical details of our implementation to Appendix D.

We present numerical results for two initial capital levels (kg = 0.5 kgs and kg = 1.5+
kss) and contrasting the dynamics under Objective 1 (consumption-based) and Objective
2 (utility-based).

Evolution of Variables (k0=0.5*kss)
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Figure 7: Evolution of Variables (Finite Horizon, 7' = 100, ¢ = 0 to 30, ky = 0.5 -
kss). Top-left: Monopoly labor in sector 2 (ly); Top-right: Consumption of good 1 (¢);
Bottom-left: Aggregate consumption (C'); Bottom-right: Capital stock (k). Lines: blue
= Objective 1, orange = Objective 2, green = First Best.

Figure 7 illustrates dynamics for an economy starting with low capital (kg = 0.5-kgg).
Under Objective 1, the monopolist initially allocates more labor to its own sector (l3)
to boost initial consumption ¢y, driven by the normalization effect. This slows down
initial capital accumulation compared to Objective 2, which allocates more labor to the
capital-producing sector 1. As a result, Objective 1’s capital path (blue line) lags behind
Objective 2’s (orange line) in the early periods.

For an economy starting with high capital (kg = 1.5 - kgg), the incentives reverse
(Figure 8). Objective 1 still allocates more labor to sector 2 to manipulate initial con-
sumption, but this now accelerates capital decumulation. By producing less of good 1,
the economy invests less, causing the capital stock to fall faster under Objective 1 than
under Objective 2. In both cases, the initial-period dependence of Objective 1 creates a
distinct dynamic path that differs qualitatively from the time-symmetric Objective 2.This

dynamic manifestation of our core mechanism is summarized below.
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Figure 8: Evolution of Variables (Finite Horizon, 7' = 100, t = 0 to 30, kg = 1.5 - kgg).
Line colors and panel layout are identical to Figure 7.

Remark 3 (Dynamics of Initial-Period Dependence). While both objectives con-
verge to the same steady state, their paths differ qualitatively in the short run. The initial
allocation of Objective 1 is quite unique, creates kinks in the dynamic path, leading to
slower capital accumulation when starting from a low capital stock and faster decumula-
tion from a high one. The monopolist tends to increase the initial consumption level ¢

and thus boosts the valuation of all future profits.

This clear difference in the committed paths naturally raises the question of their
credibility. If the monopolist has an incentive to manipulate the initial period, will it also

have an incentive to deviate later on? We explore this in the next section.

5 Committed Plans vs. Reoptimization

A central question for any leader making decisions under commitment is whether they will
adhere to their announced plan. In this section, we explore the monopolist’s incentive
to deviate from its initial plan by analyzing a one-shot reoptimization at ¢t = 1. It
is important to clarify the scope of this exercise: we are not computing a fully time-
consistent equilibrium (such as a Markov Perfect Equilibrium). Instead, we conduct a
thought experiment where the monopolist believes it can still credibly commit to the new
plan from ¢t = 1 onwards, even though it has just broken its original commitment. This

allows us to isolate the sources and magnitude of the temptation to deviate.
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We find that the incentive to reoptimize stems from two distinct sources of time incon-
sistency, with their relevance depending critically on the monopolist’s objective function.
For detailed derivations of the first-order conditions discussed here, see Appendix E.

The first source is classical time inconsistency, which arises from the strategic inter-
action with followers under forward-looking constraints. When reoptimizing at ¢t = 1, the
state variable k; is predetermined by past decisions. The monopolist treats past commit-
ments as “bygones” and solves a new problem, leading to different Lagrange multipliers
and potentially a different optimal path. This form of inconsistency is present under both
objective functions.

The second, novel source is valuation-driven time inconsistency, which is unique
to Objective 1 (consumption-based valuation). Its effect is behaviorally similar to present
bias, but its origin is distinct. The common root of our mechanism and hyperbolic dis-
counting is the asymmetric treatment of the present versus the future in the objective
function. In quasi-hyperbolic models, this asymmetry is imposed via a behavioral param-
eter that specifically discounts all future periods relative to the present. In our model,

the asymmetry arises from a standard valuation principle: the present value of future

profits is Y.~ 5 U:gzg; IIy;. Here, the initial period ¢ = 0 is structurally unique because
its marginal utility U’(co) serves as the normalization factor for the entire stream of util-
ity value of future profits. When the firm reoptimizes at ¢ = 1, it treats period 1 as
the new ‘present‘, causing the valuation benchmark to reset to U’(cy). This shift in the
normalization factor, creates the incentive to deviate. Objective 2, which avoids this
normalization, is immune to this effect.

This crucial distinction can be stated formally in the following proposition.

Proposition 3 (Dual Sources of Time Inconsistency). The two objective functions

are subject to different sources of time inconsistency.

1. Objective 1 (consumption-based) is subject to both classical time inconsistency, aris-
ing from the forward-looking constraints, and valuation-driven time inconsistency.
The latter arises because upon reoptimization at period t = 1, the valuation bench-

mark for all future profits resets from the original U'(cq) to the new U'(¢y).

2. Objective 2 (utility-based) is subject only to classical time inconsistency, as its time-

symmetric structure is immune to the valuation benchmark reset.

To quantify the impact of these two sources, we compare the committed plan (formu-
lated at ¢ = 0) with the reoptimized plan (formulated at t = 1, taking k; as given). Both
plans are computed under full commitment, using the finite-horizon numerical frame-
work, which approximates the infinite-horizon problem. We analyze an economy starting
with low capital (kg = 0.5 - kgg).
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Table 3 and Figure 9 show the dramatic consequences of dual (structural + classical)
inconsistency under Objective 1. Upon reoptimization at ¢ = 1, monopoly labor (l3)
surges by 175% compared to the committed plan. After comparing with the Objective
2 case later, we will see that this massive deviation is mainly driven by the structural
inconsistency: by treating ¢ = 1 as the new initial period, the monopolist is incentivized to
sharply increase its own production to raise ¢;, lower the new normalization factor U’(cq),
and thereby inflate the present value of all subsequent profits. This labor reallocation

causes aggregate consumption to jump by 32% and consumption of the competitive good
(¢1) to fall by 31%.

Table 3: Time Inconsistency Analysis: Objective 1, kg = 0.5 - kgg
Variable Commit Reopt Difference % Diff

lo 0.232 0.638 0.406 174.95%
c1 0.597 0414 —0.183  —30.65%
& 0.394 0.520 0.127 32.19%
k 1.354 1.354 0.000 0.00%
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Figure 9: Reoptimization Analysis: Objective 1 (Consumption-Based Valuation). The
figure shows dynamic paths under the committed plan (solid lines) and reoptimized plan
at t =1 (dashed lines). Initial capital ko = 0.5 - kgg.

In stark contrast, Objective 2 exhibits almost no incentive to reoptimize. As shown
in Table 4 and Figure 10, the reoptimized path deviates from the committed plan by
less than 2% across all variables. Because Objective 2 is time-symmetric and thus free

from valuation-driven time inconsistency, these tiny deviations isolate the pure effect of
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classical time inconsistency. The near-identical paths demonstrate that, in our framework,

the classical channel alone provides a negligible motive for plan revision.

Table 4: Time Inconsistency Analysis: Objective 2, kg = 0.5 - kgg
Variable Commit Reopt Difference % Diff

lo 0.158 0.156 —0.002  —1.52%
c1 0.689 0.691 0.001 0.20%
c 0.377  0.376 —0.001  —0.36%
k 1.565 1.565 0.000 0.00%
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Figure 10: Reoptimization Analysis: Objective 2 (Utility-Based Valuation). Paths under
the committed plan (solid) and reoptimized plan (dashed) are nearly indistinguishable,
reflecting only classical inconsistency.

The comparison—a 175% deviation for Objective 1 versus a <2% deviation for Ob-
jective 2—provides a clear quantitative decomposition. This leads to the central finding

of our time inconsistency analysis, which we state in our final remark.

Remark 4 (Valuation-Driven Inconsistency is Quantitatively Dominant). Valuation-

driven time inconsistency is the overwhelmingly dominant source of plan revision.

This finding suggests that for firms or policymakers large enough to influence aggre-
gates, the credibility of their commitments is fundamentally tied to the internal structure
of their objective function, not just to external enforcement mechanisms. An objective
with structural time-asymmetries (like consumption-based valuation) may be inherently
non-credible, whereas a time-symmetric objective (like utility-based valuation) is far more

robust to opportunistic deviations.
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6 Conclusion

This paper explores the dynamic decisions of “macro-monopolies” —firms large enough
to shape economy-wide equilibrium conditions—under commitment, focusing on two al-
ternative profit objectives: consumption-based valuation, which normalizes future profits
by initial-period marginal utility, and utility-based valuation, which weights profits by
contemporary marginal utility. Our key findings are threefold.

First, we identify five transmission channels through which macro-monopolies inter-
nalize their influence on aggregate conditions: the price effect through market power over
both sectors’ output, the wage effect through labor demand that shapes economy-wide
wages, the interest rate effect through future consumption path, the capital effect through
resource constraints linking consumption and investment, and the implementability effect
through the representative household’s Euler equation. Steady-state analysis reveals that
such market structure reduces output by 5.7% under baseline calibration, reaching 26.5%
under configurations of high market power. Mechanism decomposition shows that the
price and wage channels drive the bulk of welfare losses—eliminating the price effect alone
reduces capital over-accumulation from 78% to 34% and narrows the output gap from
6% below first-best to 1% above. The capital and implementability channels partially
offset monopoly distortions by imposing intertemporal constraints; removing these chan-
nels worsens outcomes, with capital over-accumulation rising to 82% and output falling
to 7% below first-best.

Second, consumption-based valuation exhibits “initial-period dependence”. Initial
decisions strategically alter the valuation of all future profits through manipulation of
the normalization factor U’(cy). By increasing sector-2 labor at ¢ = 0 to raise aggregate
consumption cg, the firm reduces U’(¢y) and thereby inflates the present value of all
future profits. This normalization effect is absent in all subsequent periods under the
committed plan, generating time-asymmetric incentives unique to consumption-based
valuation. Finite-horizon analysis demonstrates that both objectives converge to identical
steady states, but transition dynamics diverge sharply based on initial conditions: for low
initial capital (kg = 0.5 % kss), consumption-based valuation reallocates labor to sector
2 in period 0, slowing capital accumulation relative to utility-based valuation; for high
initial capital (kg = 1.5 * kss), this pattern reverses, with consumption-based valuation
accelerating capital decumulation.

Third, initial-period dependence creates an additional source of time inconsistency
distinct from classical inconsistency rooted in forward-looking constraints. When reopti-
mizing at ¢ = 1, the monopolist treats that period as a new “initial period,” resetting the
normalization factor from U’(cg) to U'(cy). Our numerical analysis quantifies this dual
inconsistency: under consumption-based valuation with initial capital kg = 0.5 % kss,

reoptimized monopoly labor I surges by 175% relative to the committed plan, while
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aggregate consumption rises by 32% and consumption of good 1 falls by 31%. In con-
trast, utility-based valuation exhibits deviations below 2% across all variables, isolating
the contribution of classical inconsistency alone. This 175% versus 2% contrast demon-
strates that valuation-driven inconsistency dominates classical inconsistency, establishing
initial-period dependence as the quantitatively dominant deviation channel.

These findings carry meaningful theoretical and policy implications. Theoretically,
we extend the literature on time inconsistency by identifying a novel source rooted in the
structure of the objective function rather than forward-looking constraints alone. This
demonstrates that for macro-monopolies, “what to maximize” is as critical as “how to
maximize” —objective function design can eliminate or amplify intertemporal distortions
independently of commitment technology. We also fill a gap in macro-monopoly research
by formalizing how profit valuation rules interact with aggregate endogeneity, showing
that normalization choices create path-dependent valuation mechanisms absent in small-
firm models.

For policy, our results suggest three actionable directions, ordered by their directness.
First, the price effect can be addressed through markup regulation or price caps that limit
the firm’s ability to exploit scarcity in sector 2. The wage effect can be mitigated through
labor market policies that reduce the monopolist’s influence over equilibrium wages, such
as wage subsidies in sector 1 or employment mandates in sector 2. Second, interventions
aimed at capital accumulation or intertemporal planning require careful design, as the
capital and implementability channels partly discipline monopoly power. Policies that
relax capital accumulation constraints—such as investment subsidies or reduced capital
taxation—might paradoxically increase distortions by enabling the monopolist to over-
accumulate capital more aggressively without the moderating influence of the resource
constraint. Third, regulating large firms’ objective function design—for instance, man-
dating utility-based valuation for systemically important corporations—could mitigate
structural inconsistency without requiring external commitment devices, though imple-
mentation challenges remain substantial.

This study offers an initial attempt to model economies where macro-monopolies in-
ternalize their influence on aggregate conditions. In economies dominated by large firms,
the traditional separation between firm-level optimization and economy-level aggrega-
tion requires reconsideration. Our framework provides one approach to modeling these
interdependencies, establishing tractable foundations for subsequent extensions. The
finite-horizon framework and analytical special case offer benchmarks for infinite-horizon
analysis via numerical methods, while the commitment solution provides a reference
point for exploring Markov perfect equilibria where reoptimization occurs each period.
The space for alternative formulations remains substantial, inviting further theoretical
and quantitative investigation into equilibrium appropriate for settings where firm-level

and economy-level variables are fundamentally intertwined.
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A Appendix A: Ramsey Problem Formulation

A.1 Derivation of Equilibrium Prices as Functions of Alloca-

tions

To formulate the Ramsey problem, we must express all prices in the monopolist’s profit
function in terms of the chosen allocations {cy;, ¢t }7°,. This is done by using the first-

order conditions of the households and competitive firms.

Relative Prices The relative price of good ¢ in terms of the composite consumption

good ¢; is given by the marginal rate of substitution from the aggregator function ¢; =

C(Cm CQt)-

Pt dcy P2t dcy
—=—— and —=—

= 36
Dbt Ocyy Pt Ocyy ( )

Real Wage The competitive sector (sector 1) hires labor until the marginal product
of labor equals the real wage. The wage is paid in units of good 1 and then converted to

units of composite consumption. The total labor supply is fixed at L, so l;; = L — ly.

Wy Oy
il 37
Pt Ol (37)
Therefore, the real wage in units of the composite good is:
Wy Pt Y1 o dcy Oy (38)

Dt B E ol B Ocyy Olyy

Using the labor market clearing condition, we can express the derivative with respect to

lgt:

0 0
Yue _ 9Yue (39)
Ol Ol
This gives the wage expression used in the main text’s profit function:
dcy 0
We _ _9¢ 9Yu (40)

Pt B Ocyy Oly

Real Interest Rate The real return on capital, p;, is determined by the marginal

product of capital in the competitive sector, net of depreciation .

0
ptzrt—ézai]:— (41)

This rate of return is central to the household’s intertemporal Euler equation, which

forms the implementability constraint.
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A.2 Proof of Equivalence (Proposition 1)

The proposition states that the solution of the Ramsey problem is equivalent to the
equilibrium of the original Stackelberg game. We prove this by showing that the set of

feasible allocations for both problems is identical, and the objective function is the same.

1. Any Stackelberg equilibrium allocation is a feasible allocation in the

Ramsey problem.

e In a Stackelberg equilibrium, the monopolist chooses a plan {lo;}7°,. The fol-
lowers (households and competitive firms) take the resulting prices and wages

as given and optimize.

e The household’s optimization implies that their consumption-savings path
{c1t, k1152, must satisfy their budget constraint and their intertemporal Eu-

ler equation.

e By definition, the resulting allocation path {cyy, cor, ki1 }52, satisfies the econ-

omy’s resource constraint.

e Since the household’s Euler equation holds in any Stackelberg equilibrium,
this allocation path satisfies the implementability constraint of the Ramsey

problem.

e Therefore, any allocation that is an outcome of the Stackelberg game is within

the feasible set of the Ramsey problem.

2. Any feasible allocation in the Ramsey problem is a possible Stackelberg

equilibrium allocation.

e Consider an allocation path {c};, ¢35, }52, that solves the Ramsey problem.

e By construction, this path satisfies the resource constraint and the imple-

mentability constraint (the household’s Euler equation).

e We can construct a set of supporting prices. Define prices as functions of
this allocation path: py/py = Oci/Ocry, wi/pe = (P11/Dt)Oy1:/Ol1s, and a real

interest rate consistent with the Euler equation.

e Given these prices, the allocation path {cj,, ¢}, }:2, is optimal for the follow-
ers. The competitive firms are maximizing profits, and the households are
satisfying their Euler equation, which is the sufficient condition for optimality
in their dynamic program (given a transversality condition, which is typically

assumed).

e This means that the allocation {c3,;, ¢, }7°, is implementable as a decentralized

market equilibrium.
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e Therefore, the monopolist could have chosen a plan {l;, = c3,/A2}°, in the
original Stackelberg game, which would have led to this exact equilibrium

outcome.

Conclusion Since the feasible sets of allocations for both problems are the same, and
the objective function (the present discounted value of the monopolist’s profits) is iden-
tical in both formulations, the allocation that maximizes the objective in the Ramsey
problem must also be the optimal choice for the monopolist in the Stackelberg game.

The two problems are therefore equivalent.
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B Appendix B: Detailed Derivations of First-Order
Conditions

This appendix provides the full derivation of all first-order conditions discussed in Section
2.6. This includes the complete Lagrangian setup, the first-order conditions with respect
to monopoly labor Iy, and the full set of conditions for Objective 2.

We formulate the Lagrangian for Objective 1 as:

Oc 0 dc

¢ ' t+1 Y1,t+1 / t
1_

Ly = E s {U’ Mg + A <5U( tH)aCLtH < Dhrs + (5> U (Ct)aclt>

+ e (L= 0kt + yar — 1 — kigr) }

(42)

where )\; is the Lagrange multiplier on the Euler equation at time ¢ and p, is the multiplier
on the resource constraint.

The first-order condition with respect to ¢y; for ¢ > 1 reveals the interactions of all

five channels:

1 n s 0c D¢y dc; Oy
. —1II Ayl ! —1
U’(Co) <E] <Ct) 801 2 E] (Ct) 801t8 Cot 2t + v (Ct) Oc%t 8l2t 2
interest ;gte effect prlceiﬂ“ect wage effect
60,5 2 820t
- | U e) [ Z22) 4 U(e) St
o (v (G) v w5

capital effect

~~
implementability effect for next period

5y1t ” 8ct 2 y 82015 .
+ )\t,1 (8_1@ +1-— (5) (U (Ct> (87115) +U <Ct>87%t =0

(. J/

~
implementability effect from previous period

For period 0, the first-order condition includes an additional term unique to consumption-

based valuation:

oIl , oo \° ., 0?2
= — X (U/ (co) <ﬁ) +U (00)3_20> — Ho
C1o

dcyo dcig

U"(co) Dco o= ) B (44)
e )Zaclozﬁm ey = 0

7

-
normalization effect
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For Objective 2 (utility-based valuation), the Lagrangian is:

Ly=) 5t{U'(ct)n2t + A (,3U’<ct+1) Ot (&m,m +1- 5) - U'(ct)%)
t=0

acl,t—H akt—i—l

+ e (1= 0)ky + y1r — c1p — keyr) }

The first-order condition with respect to cy; for any ¢ > 0 is:

ey 0%c, d%cy Oy
U"(c;) =11 U’ ——
<Ct> @Clt 2+ (Ct)ﬁcltc?c% 80% 8l2t 2

" oe, \> ., 9%
— g — Ag (U (ct) (87;) +U (Ct)aTgt> (46)
1t

8y1t " 0ct 2 ’ 820t .
+ /\t—l (a_k’t +1-— 5) (U (Ct) <¥1t) +U (Ct)@ =

with A_; = 0. Critically, this condition maintains identical structure across all periods

Aglgt + U/(Ct)

including t = 0. All five channels remain operative—price, wage, interest rate, capital,
and implementability effects—but the normalization effect is absent. Period 0 receives no
special treatment because each period’s profit is weighted by its own contemporaneous
marginal utility U’(¢;) without being normalized by a fixed initial value U’(cp).

Similarly, the first-order condition with respect to monopoly labor [5; exhibits same
property: all five channels effects decisions dependently. For Objective 1, the condition
for t > 1 is:

1 7 aCt / aHQt
— A,Il
U’(CQ) (U (Ct) 3621; 2 + U (Ct) algt >
2
— >\t U,/(Ct)%AQ% -+ U/(Ct) 8 i A2
Ocyr ~Ocyy Ocy10cyy
aylt 80,5 8Ct aQCt (47)
A ——— +1-9 ") =— Ay —— ! A
A Kakt + ) <U () 30 250 TV 50 5 2)
/ de; Pyu Oyt _
) 5 ahat, | T,

The direction of price and wage effect is just the opposite of c¢y;. For period 0 under

Objective 1, an additional normalization term appears:

81_[20 ” 860 800 ’ 8200 8y10
— — A— - - —J"
8[20 )\0 <U (CO) 8620 28010 + v (CO) 86108020 2]+ Ho 8120 (48)
U”(Co) 860 > P o
e e S =

t=1

This normalization effect directly incentivizes the monopolist to increase Iy (initial
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labor allocation to sector 2) to raise ¢y, thereby increasing aggregate consumption ¢
and reducing the normalization factor U’(cg). This strategic manipulation of the mea-
suring stick inflates the present value of all future profits at the cost of distorting initial
allocation.

Under Objective 2, the first-order condition for ly; maintains time symmetry for all
t>0:

9 oIl
U”(ct)a%AQH% U () S
2t

Olyy
8Ct aCt 820t
A " Ay Wi ! |
t (U (Ct> 802,5 2861,5 + v (Ct)acltGCQt 2)

Oy dey dey D*cy
(e o)) 2t Ay 2 U () =2t A
* )\t ! |:( 8k‘t + 5) (U (Ct)acgt 2861t + v (Ct) 8clt802t 2)

dey DPyu X Oyt —0
801,5 aktalgt Hr 8l2t

No additional terms appear at ¢ = 0, confirming that Objective 2 treats all periods

(49)

+U' ()

identically and eliminates the initial-period dependence that characterizes Objective 1.
The five channels identified in the objective function thus manifest distinctly in the
first-order conditions. Price effects enter through cross-derivatives of the consumption ag-
gregator. Wage effects appear through price of goods 1 and general equilibrium linkages
between labor allocation and competitive sector’s marginal product of labor. Interest rate
effects operate through the discount factor weighting on current-period profits. Capital
effects are embodied in the shadow value of the resource constraint. Implementability
effects arise from the Lagrange multipliers on forward-looking FEuler equations that link
current consumption to future capital returns. Under consumption-based valuation, a
sixth effect—the normalization effect—creates asymmetry between period 0 and all sub-

sequent periods, while utility-based valuation maintains structural symmetry across time.
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C Appendix C: Derivations for the Analytical Spe-

cial Case

This appendix details the formulation and solution of the special case discussed in Section
3, where we impose the parameter restrictions % = o0 =nand § = 1. Under these
conditions, the household’s first-order conditions imply that consumption in sector 1 is

proportional to output in sector 1:

e = (1= (@BAT)7 )y (50)

This proportionality simplifies the monopolist’s problem by making the forward-looking
implementability constraint non-binding on the choice of labor allocation.
For Objective 1 (consumption-based valuation), the normalized profit maxi-

mization problem becomes:

= U'(c)
max ¢ II o1
{lzt}ﬁogﬁ U/(CO) . ( )
where the period profit II5; can be expressed as:

aCt (9ct (9y1t
Iy = — Aol + ———1
%= 5o 22t 5o Bl
Given the specific functional forms and parameter restrictions, this can be written out

explicitly. With U(c,) = ¢; /(1 — o), so U'(¢;) = ¢;, the problem is:

= ° _1 -10
max 57575_0-((1 — G)C?(Aglgt)l '1V — CUC Wﬂlg,g)
{l2t} t—0 CO
Substituting the simplified relationships yields the objective function presented in the
main text.
For Objective 2 (utility-based valuation), the problem is analogous but without

the normalization by U’(co):

max Y  B'U"(c)y (52)

{l2t}820 45

The key distinction lies in the normalization factor. Under Objective 2, the monopo-

list’s first-order condition with respect to lo; is time-invariant:

AL (1= 0)(1 = 0)(Aaly) ™ = 0417 (1 = ) (1= (apa}™7)7)

X [o(1 = 1) 7 Moy + (1 — 1) 7]

(53)

This equation yields a constant labor allocation ly; = k for all ¢, where k is the solution.

Under Objective 1, the solution is more complex. For periods ¢ > 1, the first-order
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condition is identical to that of Objective 2, yielding the same constant allocation lo; = k.
However, the period-0 allocation differs due to the normalization effect. The first-order

condition for loq is:

a(U/ch)o)Hm) * (920 (U'(lco)) ZﬁtU,(Ct)HQt - 59

t=1

which simplifies to:

Olly

— U'(co)*U" (co) g~ Y _ BV (c)Tly = 0 (55)

The second term, the normalization effect, captures how the period-0 decision affects
the valuation of all future profits by altering U’(cq). This creates a structural difference
between the decision at ¢ = 0 and all subsequent periods, illustrating the “initial-period

dependence.”
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D Appendix D: Computational Approach for the Gen-

eral Case

This appendix details the computational strategy for the general case. We first present the
recursive formulation of the monopolist’s problem to formally characterize its structure.
This clarifies why a standard, time-invariant recursive solution is not directly applicable
for Objective 1 and allows us to outline the viable, yet computationally intensive, multi-
stage recursive alternative. We then introduce the finite-horizon approximation used for
our numerical analysis, justifying its selection as a more efficient method for characterizing

transition dynamics.

D.1 Recursive Formulation of the Monopoly Problem

We reformulate both objectives in recursive form using the approach of Marcet & Ma-
rimon (2019). This allows us to handle the forward-looking implementability constraint
via a costate variable and formally distinguishes the structural asymmetry of Objective

1 from the time symmetry of Objective 2.

D.1.1 Objective 1: Consumption-Based Recursive Contracts

For Objective 1, the normalization by U’(cy) makes the initial period structurally unique.
The problem must be split into two parts: a period-0 problem and a continuation problem
for ¢t > 1.

Continuation Problem for ¢ > 1: The state variables are (k;, 1), but the value

function is parameterized by the fixed initial consumption, c.

V(k,v;co) = sup inf { Ule) Iy + uU’(c)@ (% +1-— 5) — )\U’(c)ﬁ + BV(k:’,V’;cO)}

{e1,l2} A0 U/(CO) dey \ Ok Jdcy
(56)
subject to:
K =(1-0)k+y —c (Resource Constraint) (57)
v =X (Costate Evolution) (58)

Here, 14 is the inherited costate variable (the promise from period ¢ — 1), and \; is the

new promise made for period ¢ + 1.

Period-0 Problem: At t = 0, the monopolist chooses initial allocations and the initial

promise vy to maximize its value, recognizing that its choice of ¢y affects the entire
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continuation value function V (-, -; ¢p).

oc
max {H20 — I/lU/(C())—O —+ BV(lﬁ, V1, Co)} (59)
10,020,111 Jdcig
subject to k; = (1 — 0)ko + y10 — c10 and vy = 0. The presence of ¢y as both a choice
variable and a parameter of the continuation value function V' is the formal representation

of the structural time asymmetry.

D.1.2 Objective 2: Standard Recursive Contracts

For Objective 2, the problem is time-symmetric. The state variables are simply (k;, ;).

Value Function for ¢ > 0:

) , .. Oc [Oy ,, . Oc ;o
= f I1 — [ ZZr1-5) =
W(k,v) {iBlIQ)} i\go {U (c)Ily + vU'(c) e, <8k + (5) AU'(c) e, + W (K v )}
(60)

subject to the same constraints. The initial condition is 1y = 0. This is a standard
recursive contract formulation, where the structure of the problem is identical in every

period.

D.1.3 Equivalence and Computational Implications

The recursive formulation is fully equivalent to the sequential problem in Appendix B.
The costate variable v; corresponds to the sequential Lagrange multiplier \;_;. The key
difference is that the recursive approach makes the state-space dependency explicit.

For Objective 1, the dependence of the continuation value V' on the endogenous period-
0 choice ¢y prevents a solution via a single, time-invariant Bellman equation. As noted in

the main text, a recursive solution is nonetheless viable through a two-stage procedure:

1. Solve the Continuation Problem: First, one would solve the time-invariant
continuation problem for £ > 1 using value function iteration. However, since V
depends on ¢y, this requires solving for the value function V (k,v) for every possible
value of ¢y on a discretized grid, or treating ¢y as an additional state variable, which

significantly increases dimensionality and computational burden.

2. Solve the Period-0 Problem: Second, one would solve the period-0 problem.
This involves a search over the initial choice ¢y, where for each candidate ¢y, the
corresponding continuation value V' (ky, v1; ¢p) must be retrieved (likely via interpo-

lation) from the family of functions computed in the first stage.
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While feasible, this multi-stage approach is computationally intensive and indirect, par-
ticularly when the primary goal is to characterize a single transition path from a given

initial state, rather than deriving a complete set of stationary policy functions.

D.2 Finite-Horizon Approximation

In light of the multi-stage procedure required for a fully recursive solution and with our
focus on characterizing the transition dynamics, we adopt a finite-horizon approximation
spanning periods ¢t = 0, ..., 7. This approach provides a more direct and computationally
efficient pathway to obtaining the model’s equilibrium path.

Instead of iterating on value functions, this method involves solving the system of
all first-order conditions for all choice variables {ciy, I}, and multipliers {\;, ¢ }/—g"
simultaneously. This turns the problem into finding the root of a single, large system
of non-linear equations, given an initial capital stock kg and a set of terminal conditions.

We impose two terminal constraints at period T
kri1 =0 (61)

Ar =0 (62)

The condition k7, = 0 assumes capital is fully depleted by the horizon’s end; for a suffi-
ciently large 7', its impact on early-period decisions is negligible. The condition Ay = 0 is
a natural consequence of the model’s structure, as the forward-looking implementability
constraint for period T" vanishes when there is no period T+ 1.

This method directly computes the equilibrium path consistent with all intertemporal
constraints, providing a reliable approximation of the infinite-horizon dynamics without

the need for a complex, nested solution algorithm.
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E Appendix E: Derivations for Reoptimization Anal-
ysis

This appendix provides the detailed first-order conditions (FOCs) for the committed
and reoptimized plans discussed in Section 5, formally illustrating the sources of time

inconsistency for both Objective 1 and Objective 2.

E.1 Objective 1: Dual Inconsistency

Committed Plan at ¢t = 1: Under the committed plan formulated at ¢t = 0, the
monopolist adheres to the decisions for ¢ > 1 derived from the original optimization

problem. The objective function is

= U'(eq
Z 65 U’ EC §H2S
s=0 0
. The FOC for Iy is given by Equation (37) in Appendix B, which we restate here for
clarity:
1 .\ 0c ;O
—1I
U (co) (U (e1) gy, o + Ulen) 5
; (63)
Ol

Here, profits at t = 1 are scaled by the fixed factor 1/U’(¢y), and the multipliers Ay, pi;
are consistent with the original plan, linked to the past via Ag.
Reoptimized Plan at ¢ = 1: When reoptimizing at ¢ = 1, the monopolist treats it

as a new initial period. The objective function becomes

= s—1 U,<CS)
;B U,(Cl)HQS

. The FOC for ly; is now analogous to the FOC for Iy in the original problem (Equation
38), but with all indices shifted and ¢, replaced by ¢;:

Olly / ’ Oyn
8121 )\0 ( s ) + IUO 8121

U//(C1) 801 > 1 (64)

_ gc S (e)TTge = 0

U/(Cl)Q Olay 82:;6 (C ) 2
New norma?igation effect

N

where A and pj are new multipliers for the reoptimized problem.
Comparing Eq. (63) and (64) reveals the dual inconsistency: 1. Structural Incon-

sistency: The functional forms are different. The committed FOC has a fixed scaling
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factor 1/U’(cp), while the reoptimized FOC introduces a new, powerful "normalization
effect” term that incentivizes manipulating ¢;. 2. Classical Inconsistency: The multipli-
ers are different. The committed plan’s A; is tied to \g, while the reoptimized plan’s \;

is independent of the past.

E.2 Objective 2: Only Classical Inconsistency

Committed Plan at ¢ = 1: The objective is

o0

Z ﬁsU/(Cs>H23

s=0
. The FOC for ly; is given by the general time-symmetric condition (Equation 39):

1! 86 !
UQmaiHﬂ+U@Q

Ol

)
M) r ) m P g (65)
al?l

This FOC is structurally identical for any period ¢t > 1.

Reoptimized Plan at ¢ = 1: The reoptimized objective is

Z BSU/<CS)H25
s=1
. Since the problem is time-separable and the objective’s structure is time-symmetric, the
FOC for ly; (the first period of the new problem) takes the same structural form as the
FOC for Iy in the original problem. It is identical to Eq. (65) except for the multipliers
and the absence of the A\g term:
ey Olly, Y11
U'(c1) = +U'(c1)—=— =Xy (-..) + pty—=— =0 66
<Cl>8121 21 (c1) By o)+ 1o By (66)
Comparing Eq. (65) and (66) shows that the only source of deviation is classical
inconsistency. The structural terms involving profits and utility are identical. The only
difference is that the committed plan’s FOC contains a Ay term (linking it to the past),
while the reoptimized plan’s FOC does not, and the new multipliers (\j, i) differ from

the old ones (A, 7). This confirms that Objective 2 is free from structural inconsistency.
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