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allocation. Calibrating the model to firm-level price and sales data, we find that

demand drives the majority of firm size growth, and there is a sizable mismatch

with productivity. Endogenous marketing significantly slows down the catching up

of aggregate productivity to firm-level productivity, exacerbating concentration and

misallocation. Standard policies that aim to correct static markup distortions can

exacerbate the dynamic misallocation between demand and productivity.
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Concentration and Productivity: The Role of Demand

1 Introduction

How does market concentration affect aggregate productivity? This question has re-

ceived lively discussions in policy circles and recent economic literature (De Loecker

et al., 2020; Olmstead-Rumsey, 2022; Akcigit and Ates, 2023; De Ridder, 2024). However,

the role of demand-side characteristics of firms, which is more central than cost produc-

tivity in driving firm-size distribution (Hottman et al., 2016; Foster et al., 2016; Einav

et al., 2021), is less understood in this concentration-productivity relationship. This pa-

per introduces endogenous demand or customer capital investment1 (Gourio et al., 2014;

Afrouzi et al., 2023) into a model of market concentration, where concentration comes

from both a skewed firm size dispersion and a finite number of granular firms. In this

environment, we ask: is demand-driven concentration beneficial or detrimental to ag-

gregate productivity? How does it affect the response of the aggregate to changes in

firm productivity? How do policies designed to undo the distortions from concentration

affect the dynamics of productivity and welfare?

This paper addresses these questions by making the following contributions. The-

oretically, we introduce a dynamic customer capital investment decision in a model

of granular firms with heterogeneous productivity. Granularity has two implications:

(i) firms behave strategically, manifesting in variable markups (Atkeson and Burstein,

2008) and strategic interactions in marketing, leading to endogenous path dependency;

(ii) firm-level shocks transmit into aggregate shocks, where the transmission depends

on the endogenous demand characteristics. Empirically, guided by the model, we de-

compose the firm size distribution into demand characteristics, cost productivity, and

markups. In the cross-section and over time, there is an imperfect correlation between

productivity and market share, primarily due to variation driven by demand-side char-

acteristics. Calibrated to the empirical regularities, we find that endogenous customer

capital investment improves efficiency, while the strategic interactions on their own de-

crease efficiency. This endogenous investment more than doubles the time it takes for

firm-level productivity shocks to transmit to the aggregate. Policy-wise, banning mar-

keting is not optimal, but there is a tradeoff between correcting static markup distortions

and exacerbating dynamic misallocation.

We start by building a theory that connects market share at the firm level to the dy-

1In this paper, we use residual demand and customer capital interchangeably.
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namic interaction of customer demand and productivity. The model takes an oligopolis-

tic competition framework into a dynamic setting, where granular firms endogenously

invest in their customer capital to build out demand. In the model, the productivity

of firms fluctuates exogenously. While there is exogenous decay in existing customer

capital, firms can increase their customer capital by investing in marketing. The core

differentiating feature of customer capital lies in its allocative role: customers’ limited

attention means the aggregate amount of customer capital is finite, and marketing invest-

ment only increases productivity when it’s matched to firms with higher productivity.

This is in line with the informative marketing view. We provide a micro-foundation of

such a model of marketing based on rational inattention.

This model is challenging to analyze, as firms are granular; firm-level shocks are ag-

gregate shocks. Our computational contribution is to provide a tractable algorithm to

compute this model. We linearly approximate the equilibrium market shares around the

points of equal customer capital while preserving the nonlinearity in the productivity

space. This linearized share, combined with Cournot competition among firms, trans-

forms the intractable dynamic game among firms into a linear-quadratic dynamic game.

We then utilize well-established results from game theory to characterize the equilibrium

dynamics.

In the equilibrium, the evolution of customer capital follows a linear system of differ-

ential equations. A novel endogenous path dependency arises from variable markups.

Because markups are increasing in market shares, larger firms (regardless of whether

they are productive or have large customer capital) have a stronger incentive to invest in

customer capital, which we refer to as the size incentive. The initial condition of customer

capital thus has a long-lasting impact on the evolution of customer capital. We show that

the speed of convergence (the half-life) decreases with the strength of the size incentives.

Empirically, we establish the importance of demand growth and decay in driving

firm market share dispersion using detailed scanner data. Our model lends itself to

a decomposition of market shares into demand, productivity, and markups. We fol-

low Hottman et al. (2016) by decomposing the observed firm size according to a nested

constant elasticity of substitution demand system. Our measure of firm-level demand

is the residual demand, which is the sales in excess of what is predicted by prices ad-

justed by the demand elasticity. By decomposing firm market shares into productivity,

markup, and residual demand components, we find that residual demand explains ap-
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proximately four times as much as productivity differences in the cross-sectional varia-

tion and growth in firm size. Our variance decomposition reveals that residual demand

accounts for 94% of market share variation, while productivity accounts for 19%, with

productivity slightly more important for larger firms (27%). We show that firms with

high customer capital have both higher endogenous increases in customer capital and

higher decay rates, further complementing the point on the role of strategic incentives.

We then quantify the welfare impact of demand on the concentration-productivity

relationship. This impact is theoretically ambiguous due to two forces. First, a comple-

mentarity between productivity and customer capital encourages efficient investments

in customer capital, the productivity incentive. Second, the strategic incentive from variable

markups allows less productive firms with high customer capital to persist with large

size. We quantify the relative strength of these two incentives by matching the empirical

dynamics of firm-level productivity and the substitutability of products among firms.

The core feature of our model is in its dynamics, driven by two core parameters: the

decay rate of existing customer capital and the cost of marketing. We focus on a clearly

measurable counterpart of such margins: the retirement and creation of new products.

Although sparsely parametrized, our quantitative model can replicate key untargeted

moments regarding concentration in the data as well as the dynamic correlations be-

tween productivity and demand at the firm level.

We highlight two quantitative findings from our model. First, granularity introduces

a strong endogenous path dependency. More precisely, the median half-life convergence

in the calibrated model is more than 12 years, meaning it takes at least 12 years to close

the gap between the initial gap of customer capital among firms to its long-run level by

half, holding other conditions constant. The half-life implied by the exogenous decaying

rate is 5 years, less than half of the equilibrium level. Second, this endogenous path de-

pendency leads to a mismatch between productivity and customer capital. Without size

incentives, the predicted correlation between productivity and demand is 15% larger.

The path dependency of the model also affects the transmission from firm-level pro-

ductivity to aggregate productivity. If a firm with high customer capital gets a positive

productivity shock, its customer base is even higher after 10 years than an equivalent firm

with low customer capital. This leads to the aggregate effect of a one standard deviation

productivity shock to be 7% higher after 10 years. This dependence on initial condi-

tions has important implications for aggregate dynamics and welfare, as there is a high
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half-life dispersion by initial states that matter for aggregate productivity.

We then combine these dynamic features of productivity with the markups to quan-

tify the impacts on welfare. The aggregate welfare depends on both the static distortions

due to markups and the dynamic matching between productivity and customer capi-

tal. We conclude the paper by showing two sets of welfare results. By comparing the

calibrated equilibrium to the case where the marketing activity is eliminated, we show

that endogenous marketing is welfare-enhancing; shutting down marketing leads to a

welfare loss of 7%. Thus, these demand characteristics have a positive impact on welfare.

Although marketing exacerbates the static loss due to markups by increasing concentra-

tion, it does increase aggregate productivity. Underneath such an overall gain, there is

indeed a welfare loss due to the size incentives and endogenous path dependency of 4%.

The interaction of static markups and dynamic misallocation has novel policy impli-

cations. With a social planner’s solution, we show that an optimal policy that maximizes

the discounted welfare should aim to correct static markups and resolve the crowding-

out among firms regarding customer capital. Doing so can bring significant welfare

gains from the equilibrium. A quantity subsidy, which resolves markup distortions and

dynamic distortions when firms only differ in a single-dimension characteristic (such as

in Edmond et al., 2023), can exacerbate the dynamic misallocation.

The remainder of this section reviews the literature, while the rest of the paper is

structured as follows. Section 2 introduces the theoretical model with oligopolistic firms

with heterogeneous productivity and customer capital. Section 3 introduces the empir-

ical framework for our study, the decomposition of demand and productivity, and the

empirical dynamics of both. Section 4 estimates the model by uniting theory and empir-

ics and studying the positive implications of our quantified model. Section 5 discusses

the nature of productivity shocks and policy implications on how the quantified model

changes our understanding of size-based policies, marketing, and antitrust. We start

with a review of the literature.

Related Literature. This paper connects the literature on market concentration and pro-

ductivity to a growing literature on customer capital. We do so by building on dynamic

theories of investment with granular firms with a combination of theory, empirics, and

quantitative analysis. In doing so, we speak to a few strands of literature. First, we build

on the literature on aggregate productivity and concentration determinants. Second, in
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connecting demand and productivity, we build on the growing literature on demand-

driven firm size differences. Third, we contribute to the literature on oligopolistic firm

competition and bring it to a dynamic setting to study policies and dynamic misallo-

cation. Fourth, our paper, which focuses on demand and productivity as two central

intangibles of the firm, also contributes to the study of intangible assets.

Aggregate productivity is classically a supply-side concept. There is a well-established

literature on the origins of economic growth, heterogeneous firm productivity, and the

transmission from firm-level changes to the aggregate economy (e.g., Jovanovic, 1982,

Hopenhayn, 1992, Aghion and Howitt, 1992, Klette and Kortum, 2004, Akcigit and Kerr,

2018). We build on this endogenous growth literature by connecting firm-level produc-

tivity to changes in aggregate productivity through heterogeneity in the firm’s demand

side. This heterogeneity can drive misallocation, which builds on a rich theoretical and

empirical literature on factor misallocation and reallocation (Aghion et al., 2001, Halti-

wanger et al., 2014, Acemoglu et al., 2018, Peters, 2020, and Liu et al., 2022). There is

rising interest in this literature on how growth and firm heterogeneity interact with mar-

ket power. Akcigit and Ates (2021, 2023) focus on the knowledge diffusion gaps between

leaders and followers driving rising concentration and falling business dynamism. Large

firms may also leverage their market share to increase markups; we connect this to a new

arena of dynamic decisions in the firm’s demand environment.

While productivity remains a central literature in macroeconomics, there has been

growing interest in the importance of demand in driving market share amongst economists

(Dinlersoz and Yorukoglu, 2012; Gourio and Rudanko, 2014; He et al., 2024). This natu-

rally connects to firms’ choices of how to build demand, depending on their productiv-

ity and the nature of competition (Cavenaile and Roldan-Blanco, 2021; Cavenaile et al.,

2022; Greenwood et al., 2021; Ignaszak and Sedlácek, 2022; Cavenaile et al., 2023). The

interaction of customer capital and productivity can generate endogenous customer mis-

allocation, as firms’ investment in customers depends on productivity but also markups

(Bornstein and Peter, 2022; Afrouzi et al., 2023). We extend this concept of firms that

hold demand and supply into a dynamic setting with granular and oligopolistic firms

to allow demand to govern the concentration-productivity relationship. This comple-

ments an empirical and theoretical work on the role of adjustment costs (Hopenhayn

and Rogerson, 1993; Cooper and Haltiwanger, 2006) to a setting with investments in de-

mand. We connect this to strategic considerations that can generate long-run persistence
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of market share and customer capital.

Our setting in this paper is oligopolistic competition among firms. We extend the

insight from Atkeson and Burstein (2008) that variable markups may generate misal-

location into a dynamic setting. This builds on a host of papers that focus on static

misallocation and markups (Boar and Midrigan, 2019; Edmond et al., 2018; Mongey,

2021; Berger et al., 2019), which we also connect to the interaction between productiv-

ity and demand. The core mechanism is the role of strategic complementarities, which

Amiti et al. (2019) find to be a strong force in international markets that drive variable

markups. This setting connects to an extensive literature on markups and the negative

and positive effects of concentration (such as De Loecker and Eeckhout, 2018; De Loecker

et al., 2020; Gutiérrez and Philippon, 2017; Eggertsson et al., 2018; Hall, 2018; Autor et al.,

2020; Akcigit and Ates, 2021). In extending the study of firm competition with markups

to a dynamic setting, we are close to Peters (2020), who studies endogenous dynamic

misallocation with limit pricing. We consider a more general framework of competition

where multiple firms carry demand and productivity and compete for market share,

with a particular focus on the role of endogenous demand.

This paper aims to ground insights on the role of demand heterogeneity and invest-

ment in empirical frameworks in macroeconomics, trade, and industrial organization.

Hottman et al. (2016) study multi-product firms and find that the “appeal” of firms, or

residual demand, explains the largest share of sales variation across firms. More recently,

Eslava et al. (2024) found the same result when evaluating drivers of firm plant share.

This demand takes time to build, as Argente et al. (2018, 2020) and Jaravel (2018) ex-

plore how product creation and destruction are ubiquitous in product markets. Argente

et al. (2021) and Einav et al. (2021) document that product sales expansion is primar-

ily due to an expanding customer base. Bhandari and McGrattan (2020) focus on this

customer base or “sweat equity” as an endogenous asset. These channels can interact

and may affect the measurement of productivity (Foster et al., 2008; Syverson, 2011)

and misallocation (Hsieh and Klenow, 2009; Restuccia and Rogerson, 2017; David and

Venkateswaran, 2019). We study this relationship empirically and theoretically.

Finally, we contribute to the literature on the importance of intangible assets at the

firm level. Firm productivity and demand are two central intangible assets to firm

success and will serve a central role as the importance of intangibles continues to rise

(Haskel and Westlake, 2017, Crouzet and Eberly, 2019, Olmstead-Rumsey, 2022, Syver-
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son, 2019, De Ridder, 2024). Demand is a naturally central intangible asset. Bain (1956)

classically noted that “(t)he advantage to established sellers accruing from buyer pref-

erences for their products as opposed to potential-entrant products is on the average

larger and more frequent in occurrence at large values than any other barrier to entry.”

Theoretically, brand value can generate persistent profits in markets with imperfect in-

formation (Schmalensee, 1978, Schmalensee, 1982, and Shapiro, 1983). The power of

branding has been detailed empirically as consumer brand preferences are quite persis-

tent (e.g., in Bronnenberg et al., 2009, 2012), making it an intangible asset at the center

of firm value. This paper integrates it with the intangible of productivity empirically,

theoretically, and quantitatively.

2 Model

We develop a dynamic model where oligopolistic firms compete with exogenous pro-

ductivity and endogenous customer capital. We start by presenting the environment

with one single market and later introduce other general equilibrium elements and ag-

gregation. In this single market, a finite number of firms engage in Cournot competition

and internalize their impact on the market, as in Atkeson and Burstein (2008). The main

novelty of this paper is in the dynamics. Dynamically, firms invest in customer capi-

tal for both productive and strategic reasons, with the strategic element coming from

variable markups due to firm size. This mechanism leads to path dependence and can

amplify misallocation. The resulting disconnect between market share and productiv-

ity can have significant implications for aggregate productivity and the effectiveness of

policies, which we will study quantitatively in Section 5.

Section 2.1 starts by describing the environment of households and firms. Section

2.2 characterizes the static and dynamic decisions of the firm and the approximation

solution. This will connect marketing decisions to the distribution of productivity and

customer capital. Section 2.3 then examines the path dependency of demand with an

illustrative example. Finally, Section 2.4 discusses aggregation and extensions that enable

us to ground these insights into an empirical framework that we unite in this paper.
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2.1 Environment

In the environment, we focus on households, firms, and the central insights from this

environment.

Households. There is a representative household. The representative household max-

imizes utility over an infinite horizon, balancing consumption utility against disutility

from endogenously supplied labor Lt. Specifically, the household solves

max
cit,Lt

∫ ∞

0
e−rt

(
ln

Ct

Bt
− Lt

)
dt, (1)

subject to the flow budget constraint on total assets, Ẇt = Lt + r̃tWt + Πt − ∑I
i=1 pitcit. In

the budget constraint, the household receives its labor income Lt, where we normalize

the wage to be 1 throughout this paper) and financial income. The household can save in

a representative portfolio of all firms, which delivers an interest rate r̃t and reimburses

all profits, Πt, to the household.2

In the flow utility function, Bt represents the total customer capital in the economy ag-

gregated across firms. Consumption utility, Ct, features a constant-elasticity-substitution

(CES) across I firms with

Ct =

[
I

∑
i=1

ebit/σc
σ−1

σ
it

] σ
σ−1

, Bt =

(
I

∑
i=1

ebit

) σ
σ−1

. (2)

σ > 1 represents the elasticity of substitution between firms. bit is the customer capital

of each firm that aggregates to total customer capital in Bt. The customer capital can be

interpreted as the representative household’s prior tendency to consume products from

a firm, for example, the image of the products or the shelf availability of products. In

Appendix A.5, we provide a microfoundation based on rational inattention in consump-

tion choices, where bit can be interpreted as the household’s prior tendency to purchase

a product before observing prices in the store.

Three results follow from our set-up on the household side. First, there is a demand

curve for products of firm i: cit = ebit
(

pit
Pt

)−σ
Ct, with the aggregate price index defined

2In the general stationary equilibrium we consider in the quantitative analysis, r̃t = r. In the one-sector
environment, we set the interest rate exogenously at r̃t = r. As the aggregate consumption impact due to
firm shocks is not the focus of our paper, this assumption is unimportant for the following discussion.
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as Pt =
(

∑i ebit p1−σ
it

) 1
1−σ . Second, the equilibrium aggregate expenditure must be 1,

PtCt = 1. This comes from the optimal consumption-saving choice and the optimal

labor supply decision of the household. Third, due to the aggregation Bt, customer

capital does not bring utility to the household on its own, but its distribution across

firms matters.

Firms. The I firms differ in both their productivity and customer capital. We assume

firm i produces using a production function cit = exp
( ait

σ−1

)
lit, where lit is the labor in-

put. Both customer capital and firm productivity evolve over time. Our model assumes

that firms endogenously invest in demand while the productivity of firms fluctuates ex-

ogenously. This isolates our central object of interest in customer capital while allowing

for it to interact with productivity. We discuss the validity of this assumption in Section

4.

We assume the idea arrival for firm i follows a Poisson process with arrival rate λ.

When a new idea arrives, its productivity is drawn from a discrete distribution F̃(a) with

support on a finite set of possible productivity levels {A1, ..., AN}. We develop an index

α that summarizes this distribution and can take on N I different values, representing

the different combinations of productivity levels that can be achieved across all firms in

the industry. This stochastic process captures both the timing uncertainty of innovation

through the Poisson arrival parameter λ and the magnitude uncertainty through the

discrete productivity distribution F̃(a). The structure allows us to track the evolution

of productivity differentials across firms and analyze how the distribution parameters

affect industry dynamics and market concentration.

The customer capital of firm i evolves both endogenously and exogenously. Endoge-

nously, firm i can grow its customer capital with marketing investment ηit. Exogenously,

the customer capital depreciates, which we model as the mean-reversion rate ρ > 0. We

emphasize that in the primitives, our model does not impose any dependence of cus-

tomer capital on productivity. Instead, we show the dependence arises endogenously

through firms’ optimization. Mathematically, the law of motion for bjt is

ḃit = ηit − ρbit, bi0 = 0. (3)

Marketing investment is costly. We model this as a quadratic cost in advertising, κ
η2

it
2 .
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Granularity. There are two consequences of granular firms in our model. First, their

shocks are aggregate shocks, with consequences on the household’s consumption and a

direct impact on other firms’ outcomes. Second, firms are large enough to internalize

their impact on the market. Recent evidence suggests this is particularly salient for large

firms in product markets (Amiti et al., 2019). The natural assumption for competition

is that firms engage in oligopolistic competition. We assume they compute by choosing

quantity or Cournot competition. This will generate a sorting problem of the allocation

of customer capital across firms with different productivities. The characterization will

further discuss how this shapes firms’ incentives.

2.2 Characterization

Firms make static pricing decisions and benefit from more productivity and customer

capital due to two forces. First, more composite productivity leads to higher market

share an higher profits. Second, due to variable markups, firms can extract more profit

per unit when market share is higher. In the dynamics, this informs their marketing

decisions and the value of their joint customer capital and productivity. As a result, we

proceed in this fashion to characterize the equilibrium.

First, we derive the outcomes from the static pricing equilibrium and write the equi-

librium market shares and profits as functions of the distribution of productivity and

customer capital. Second, we embed the static profits into the dynamic setting to define

a symmetric Markov Perfect Equilibrium. Characterizing this equilibrium involves solv-

ing a fixed point problem in a functional space. Our last step is to provide an analytical

solution to an approximated game. This analytical solution provides tractability and

an intuitive link between firm choices and aggregate variables, which we bring to the

quantitative analysis.

Static Pricing Equilibrium. As firms engage in oligopolistic quantity competition,

their equilibrium markups are given by the formula: pit = µit exp
( ait

σ−1

)
, where the

markup µit =
σ

σ−1
1

1−sit
, where sit is the equilibrium market share for the firm. Given the

market shares, firm i’s profit, πit is given by:

πit =
1
σ

sit +
σ − 1

σ
s2

it.
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Coupled with the demand curves from the CES preference, the vector of market

shares (sit)
Ik(i)
i=1 is the solution to:

sit =
exp(ait + bit)(1 − sit)

σ−1

∑I
j=1 exp(ajt + bjt)(1 − sjt)σ−1

. (4)

There are a few useful observations here. First, we note that the system is homo-

geneous of degree zero in (ait, bit)
I
i=1. This homogeneity also applies to profits. Eco-

nomically, only the relative productivity and customer capital matter for profits. Further,

whether market shares come from demand-side or supply-side factors of firms does not

matter for profits. However, it will matter for firms’ investment decisions, which we turn

to next.

Dynamic Marketing Equilibrium. We are focused on firms of sufficient size that im-

pact the overall product group in which they operate. In this case, the proper equilibrium

concept we focus on is the Markov Perfect Equilibrium. As discussed in the static pricing

equilibrium, the static profits only depend on a composite of α and b. Dynamically, due

to the differential dynamics of productivity and customer capital, the full payoff relevant

state of firms is a function of α, the distribution of productivity, and b.

To prepare the notation for the equilibrium, we denote ηi(α, b) as the marketing strat-

egy of firm i. That is, given firm i’s state (a, b) and the collection of its competitors’ states

α, b−, ηi is the optimal marketing strategy of firm i. In a Markov perfect equilibrium,

firm i takes as given the strategies of other firms and maximizes:

Vi(α, b) = max
ηi≥0

E

∫ ∞

0
e−rt

(
πi(αt, bt)−

κ

2
ηi(αt, bt)

2
)

dt (5)

s.t.

equation (3) holds for all i.

There are three noteworthy features of equation (5). First, we impose that all firms fol-

low a Markov strategy: marketing investment ηi(αt, bt) is only a function of the current

payoff-relevant state (αt, bt) instead of the full history. Second, the firm forms expecta-

tions with respect to both its productivity process and its competitors’ productivity, as

described above. Lastly, the firm also internalizes the law of motion of customer capital

for all firms in the group. This captures the strategic interactions across firms. Using the
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definition of firms’ problem, we now formally define the marketing equilibrium.

Definition 1 A marketing equilibrium is marketing investment (ηi(αt, bt))I
i=1, where the ηi(αt, bt)

solves equation (5) for each firm i, given the other firms’ strategies (ηj(αt, bt))j ̸=i.

Fully analyzing a marketing equilibrium is a challenging task for two reasons. First,

due to the granular features of the firms, each individual firm’s productivity shock

becomes an aggregate shock. The relevant state vector thus becomes the entire I-

dimensional vector. In our empirics, where a representative group has 10 firms, it

becomes impossible to solve this problem directly. Second, even without the dimen-

sionality issue, characterizing the equilibrium involves finding a fixed point of firms’

strategies, which further complicates the analysis. We now turn to an approximation

solution that provides an intuitive baseline for the analysis.

Approximation of Profits. To gain tractability in our dynamic game, we linearize mar-

ket shares around the point (α, 0) where firms have productivity differences but identical

customer capital. The approximated market shares can be written as,

ŝi(α, b) = s̄i(α) + ζi

(
bi −

∑j ζ jbj

∑j ζ j

)
, (6)

where ζi =
(

1
s̄i(α)

+ (σ − 1) 1
1−s̄i(α)

)−1
. This maintains the share interpretation with ŝi ≥

0 and ∑i ŝi(α, b) = 1. This approximation significantly simplified the discussion of

marketing investment for each firm.

The coefficient ζi captures how responsive a firm’s market share is to changes in

its customer capital relative to the market average. This responsiveness varies with the

firm’s baseline market share s̄i(α) and the elasticity of substitution σ. When σ approaches

1, ζi approaches s̄i(α), meaning the firm’s responsiveness is proportional to its baseline

market share. When σ approaches infinity, or perfect substitution, the ζi goes to zero.

The sigmoid function underlying the market share formulation yields an inverse U-

shaped relationship between market share and responsiveness to customer capital. Firms

with market shares that approximate those of the market leader (s̄i(α) ≈ 0.366 when

σ = 4) exhibit the highest responsiveness to customer capital investments, while both

dominant and marginal firms show diminished responsiveness. This non-monotonic

relationship creates strategic investment patterns where mid-sized firms have stronger
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incentives to invest in customer acquisition than either market leaders or small entrants.

The variable markup effect further modulates this relationship, as higher markups re-

duce a firm’s responsiveness to customer capital changes. This again connects to the role

of strategic complementarities discussed in the literature but transports it to a dynamic

setting.

Equilibrium Marketing Investment. Market shares respond to customer capital through

two mechanisms. First, firms with larger s̄i(α), e.g., larger due to productivity, are more

responsive to customer capital changes. This is the complementary force of customer

capital. Second, larger firms have a strategic incentive that is summarized through ζi.

With linearized shares and profits becoming quadratic in market share, the problem is

transformed into a tractable linear-quadratic game with optimal investment as follows:

ηi(α, b) = γi(α) + ϵi(α)
′b. (7)

We represent the dynamics of the customer capital using the following I-dimensional

linear system, which is a stacked version of equation (7). More precisely,

ḃ(α) = Γ(α) + (E(α)− ρI)b, (8)

where Γ(α) = (γ1(α)), ..., γI(α))
′ and E(α) = (ϵ1(α), ..., ϵI(α))

′. Economically, Γ(α) repre-

sents the productivity incentive, and E(α) captures the size incentive in firms’ marketing

decisions. The evolution of firm-level customer capital is driven by both incentives. First,

there is the productivity incentive, Γ(α): more productive firms invest more in customer

acquisition due to complementarity. Second, there is the size incentive, E(α): firms

with larger customer capital reinforce their advantage. This second component creates

path dependency where initial conditions matter–unlike models where customer capital

merely tracks productivity with a lag.

To characterize the system (8), we now detail the steps to compute Γ and E in order.

First, the size incentive is the solution to the following Riccati equation (a second-order
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equation):

(r + λ + ρ)E(α) = σ − 1
κσ

Q(α)︸ ︷︷ ︸
Static Payoff

− 1
2

diag(E(α))E(α)︸ ︷︷ ︸
Cost

+ E(α)E(α)︸ ︷︷ ︸
Strategic Interaction

+ λ ∑
α′

Fα,α′E(α)︸ ︷︷ ︸
Productivity Shocks

,

where

Qi,j =

ζi

(
1 − ζi

∑m ζm

)2
i = j

−2ζi
ζ j

∑m ζm
i ̸= j.

We highlight the interpretation of the equation for the size incentive and leave the com-

putation of other terms in Appendix A.2. The size incentive arises because firms can

increase their markup by increasing their size. In the equilibrium, how much firms re-

act to such incentives depends on how strong the variable markup (σ−1
σ ) and the cost

κ. The granularity of firms also implies that strategic interaction matters, which gener-

ates the higher order term E(α)E(α). Lastly, firms also factor in the chances that their

productivity will change in the future.

2.3 Endogenous Path Dependency of Market Structure

A novel feature of our equilibrium model is that the distribution of customer capital, and

thus the market structure firms are facing, has endogenous path dependency. In the evo-

lution of customer capital, initial conditions matter, and thus, there is path dependency.

To highlight this, we return to equation (8). Without firms’ endogenous investment in-

centives, the speed of convergence of the dynamic system is entirely governed by the

parameter ρ, where the half-life convergence from any initial condition to the long-run

values is log 2
ρ .

With size incentives, the speed of convergence is slower due to the endogenous equi-

librium mechanism. We focus on the case where the system eventually converges, which

mathematically requires the largest eigenvalue of E to be smaller than ρ. In this case,

the worst-case half-life becomes ln 2
ρ−ϕ > ln 2

ρ . Economically, firms that start with larger

customer capital have stronger incentives to market, holding other variables constant.

This means the initial condition has a long-lasting impact on the dynamics. In the polar

cases, as ϕ becomes arbitrarily close to ρ, the half-life of the system goes to infinity. In

our quantitative analysis, we indeed find a significant amplification of path dependency
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stemming from the size incentives.

The two-firm case offers analytical tractability while preserving key economic mech-

anisms. With parameters I = 2, λ = 0, a = (1, 0), and b = (−5, 0), we study how a

productivity leader with initial customer disadvantage evolves over time. In this sim-

plified environment, the discouragement and cannibalization effects exactly offset each

other, yielding closed-form solutions for the Riccati equations that govern investment

strategies and allowing us to isolate fundamental productivity and size incentives.

Figure 1: Aggregate Productivity w/ 2 Firms and no Shocks

The system’s evolution follows bt = b0e−(ρ−ϕ)t + γ
ρ−ϕ (1 − e−(ρ−ϕ)t), where customer

capital is initially distorted but converges to fundamentals in the long run. Figure 1

shows the response of aggregate productivity to a productivity increase at firm 1, which

starts with lower customer capital than firm 2. These dynamics illustrate how when a

customer capital follower becomes a productivity leader, there are different transitions

depending on the initial distribution and the marketing cost. With no mean reversion in

customer capital, we observe how the initial misallocation resolves over time as resources

gradually shift toward the more productive firm.

The illustrative two-firm case demonstrates how marketing costs (κ) critically influ-

ence the speed and pattern of aggregate productivity evolution. As shown in Figure 1,

when marketing costs are low (κ = 1), aggregate productivity initially lags but eventu-

ally exceeds scenarios with higher marketing costs, reflecting more efficient long-term

resource allocation. Conversely, higher marketing costs (κ = 10) produce faster initial
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productivity growth but ultimately reach lower steady states, while prohibitive market-

ing costs (κ = ∞) severely limit productivity gains. The underlying dynamics follow

a formula where customer capital, though initially distorted, eventually converges to-

ward fundamentals, with the speed and efficiency of this process directly influenced by

marketing frictions.

The intuition from this two-firm case extends to the more general oligopolistic set-

ting. The slow convergence to the world where productivity improvements transmit to

the aggregate is unique to a framework where firms with significant pre-existing size

have a mechanism such as investment in customer capital to protect their market share.

This is a central component of this paper, both for positive analysis of the evolution of

productivity and normative implications of policies relating to concentration and eco-

nomic growth.

2.4 Extensions and Aggregation

The baseline model focuses on customer capital and productivity across firms. For ag-

gregation and empirical analysis, we extend the baseline model to analyze the mechanics

across groups. We aggregate across product groups in our data using a Cobb-Douglas

specification, which yields the desirable properties of linear welfare aggregation and a

well-defined stationary distribution. This approach allows us to express welfare num-

bers as non-discounted versions of the transitional path, providing intuitive comparisons

across policy regimes. We discuss the aggregation in this environment and then turn to

discuss general empirical extensions.

Aggregation and Welfare. The household makes its static consumption and labor de-

cisions, as well as the dynamic savings decision. We assume the household has a flow

utility of log Ct − Lt. The household spends on consumption and holds assets At that

evolve over time. The household can borrow and save in a representative portfolio of all

firms, such that the aggregate profit Πt is rebated to the household as a dividend. We

define rt to be the interest rate and normalize the wage to be 1. We write the household’s

problem as,

max
cikt,Lt

∫ ∞

0
e−ρt (log Ct − Lt) dt,
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s.t.

log Ct =
∫ 1

0
ϕk log

Ckt
Bkt

,

Ẇt = rtWt + Lt + Πt −
∫ 1

0

I

∑
i=1

piktciktdk,

with Ckt as Ct given equations (1) and (2).

ϕk represents the share of group k in the aggregate. We now turn to the connection

between firm-level choices and aggregate outcomes. In the main discussion of the model,

we abstracted from group level k, and in the first step of aggregation, we start by focusing

on welfare group by group. We then aggregate over groups.

We present a heuristic discussion of overall welfare, which we expand on in Section

5. The household’s utility depends on both the dispersion of markups and on whether

customer capital is allocated toward the productive firm. We write out the consumption

from a product group with productivity distribution α and customer capital b.

Lemma 1 (Aggregation) In a steady-state equilibrium, the discounted utility of the household

is given by:

W =
∫

α,b
W(α, b)dG(α, b), W(α, b) =

1
ρ

(
log

A(α, b)
M(α, b)

− 1
M(α, b)

− D(α, b)
)

where

1. A(α, b) is the group-level labor productivity

A(α, b) =

(
∑I

i=1 eai+bi

∑I
i=1 ebi

) 1
σ−1

;

2. M(α, b) is the aggregate markup

M(α, b) =

(
∑I

i eai+bi µi(α, b)1−σ

∑I
i eai+bi

) 1
1−σ

;
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3. D(α, b) is the aggregate labor cost in marketing

D(α, b) =
d0

2

I

∑
i

ηi(α, b)2.

Returning to firms’ reallocation decisions, there are two externalities created by firms

to the representative household. First, the dispersion of markups between firms cre-

ates a misallocation of labor. Firms choose markups to maximize individual profit and

not overall welfare. This misallocation reduces the productivity of labor. Second, the

firms do not fully internalize the benefit of matching transferable customer capital to-

wards more productive firms. Firms may stick with mismatch if it builds more market

power. The second externality is a novel insight from our paper. This equilibrium is not

necessarily efficient, which creates room for policy.

We wait to discuss optimal policies until we have set up the planner’s solution in

Section 5. However, the analysis so far hints at the main role of policy. A policy that aims

to improve efficiency should induce firms to sort customer capital to more productive

firms and reduce markups.

Extensions for Empirics. The baseline model focuses on customer capital and produc-

tivity across firms. To analyze welfare implications and conduct counterfactual analysis,

we extend our baseline model in two important dimensions. First, as noted earlier, we

aggregate across groups in a Cobb-Douglas fashion. Second, we explicitly model multi-

product firms with constant elasticity of substitution across products and decreasing

returns in production (as in Hottman et al., 2016). Formally, firm-level consumption is

given by:

cit =

(
Ui

∑
u=1

ψiutd
σu

σu−1
iut

) σu−1
σu

, σu > σ (9)

where σu > σ implies that firms set constant markups across their product lines, and pro-

duction at the firm-group level exhibits decreasing returns to scale: cikt = eaikt/(σ−1)lωk
ikt .

This framework captures how larger firms face higher marginal costs as they expand pro-

duction, affecting the efficiency of customer capital allocation. The aggregation structure

delivers a tractable environment for evaluating welfare implications while maintaining

the key mechanisms of our model: the mismatch between customer capital and produc-
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tivity and the strategic incentives that may exacerbate this mismatch over time.

3 Empirical Model and Firm Size Decomposition

In this section, we connect our theory to an empirical model of firm cost productivity

and customer capital with adaptations from the existing literature. We use Nielsen Retail

Measurement Services (RMS) scanner data to decompose the drivers of market share.

Our empirical decomposition examines productivity and demand components, where

the demand components are connected to the theoretical concept of customer capital.

We ask about the drivers of market share. Finally, we construct a measure of the gross

and net flows of customer capital, which we then use to calibrate the decay (ρ) and

endogenous investment in customer capital (η) from the model.

3.1 Empirical Decomposition

We start by presenting a framework for the decomposition of firm market share, which

we will then take to the data. Following Hottman et al. (2016), we first decompose firms’

revenues into four static components: demand differences (customer capital), produc-

tion costs (productivity), scale of production (marginal cost), and markups. This static

decomposition reveals which factors matter most in explaining cross-sectional and cross-

time differences in firm size. These components become crucial for understanding firms’

dynamic incentives to invest in customer capital, which we study in Section 2.

Our frequency of analysis is yearly. We assume there is a representative household

that spends 1 unit of expenditure on a measure 1 of product groups, indexed by k ∈ [0, 1].

Within each product group k, there are Jk firms, indexed by j = 1, ..., Jk.

Our empirical framework connects to Hottman et al. (2016), who provide a structural

decomposition of firm size heterogeneity into various components. We focus on de-

composing firm market share into three key components: productivity, residual demand

(customer capital), and markups. This decomposition requires several empirical objects

that we construct from Nielsen Retail Measurement Services scanner data. We measure

prices as the geometric weighted mean across all products within each firm-group-year

combination. Sales are calculated as the total revenue within the firm × group × year.

Following Atkeson and Burstein (2008), we infer markups based on firms’ oligopolistic
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pricing behavior, which allows us to back out marginal costs by combining markup and

price information. Productivity is then derived by accounting for the decreasing returns

to scale in production that firms face, inferred from their output and marginal cost. Fi-

nally, customer capital (or residual demand) is calculated as the residual component of

sales that cannot be explained by prices, providing a measure of consumers’ underlying

attachment to a firm’s products independent of price.

This parsimonious model allows us to write the logarithm of firm sales as an additive

function of the three factors (demand, productivity, and markups) as well as group-level

factors. By taking a difference of the terms with the geometric averages, we write:

∆k log sikt = ∆k log bikt + ω(1 − ϵik)∆k log aikt − (1 − ϵik)µikt (10)

The above equation decomposes log market share differences into customer cap-

ital differences, ∆k log bjkt, productivity differences scaled by demand elasticity, (1 −
ϵjk)∆k log ajkt, and markup differences, (1− ϵjk)µjkt, which negatively affect market share.

σ is the elasticity of substitution across firms within a group, and ω is the coefficient that

governs diminishing returns at the firm level. We take these parameters from Hottman

et al. (2016) in our empirical exercises.

One discrepancy in our exercises from Hottman et al. (2016) is that firms are multi-

product, which requires a firm-level price aggregator. We follow Hottman et al. (2016)

and assume products are aggregated through a CES. Further, firms face an upward

supply curve.

3.2 Data Construction

With our empirical framework in hand, we turn to the data to construct each empirical

object. The data enables us to separate the demand and supply components of firms’

brand holdings (following Hottman et al., 2016). The data enables a breakdown at the

product, brand, or firm level.

Our empirical analysis requires detailed data on prices, market shares, and firm char-

acteristics over time to identify the joint evolution of customer capital and productivity.

To enable the study of price and sales data, we employ detailed bar-code level data from

Kilts-NielsenIQ Retail Measurement Services Data from the University of Chicago Booth

School of Business. The data are large and comprehensive in the consumer product
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space. This dataset delivers significant coverage for products, brands, and firms, which

we detail in Appendix B (see Argente et al., 2020 for more detail on this merge).

For each product group k, we observe sales and prices at the firm-year level. Follow-

ing Hottman et al. (2016), we focus on price and market share variation within product

groups to control for differences across categories. Consistent with the model, we fo-

cus primarily on the largest firms in each product group, and approximately 10 firms

have a market share larger than 1% of the national share, consistent with some strategic

incentives.

Our final sample includes 432 firms per product group on average, with substantial

variation in firm size - the 90th percentile firm has sales of $3.6 million compared to

$452,000 for the 10th percentile firm. The largest firm in a typical product group captures

31% market share, while the second largest firm captures 13%. Market share drops off

quickly beyond the top firms - the 10th largest firm captures only 2% share. Figure 2

shows the firm size distribution across groups weighted by group size.

Figure 2: Firm Size Distribution
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Notes: Average market share by firm rank, weighted by group size. Source: USPTO/RMS NielsenIQ.

One important component of our analysis is the decomposition of the firm size dis-

tribution in the figure both cross-sectionally and over time. The panel structure of the

Nielsen data enables us to estimate the persistence of customer capital across the firm
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size distribution. Our framework exploits the continuous evolution of market shares to

identify how brand advantages persist and accumulate over time. This is particularly im-

portant for understanding the dynamics of large firms, which maintain stable outsized

leadership despite facing continual competition from more productive entrants.

3.3 Demand, Productivity, and Market Share

This section relates the theoretical framework to the formation of market share at the

firm level. We then turn to firm market share decompositions to ask which force is most

likely to drive market share. Finally, we focus on the nature of firm growth as a function

of demand and productivity. We now turn to the correlations in Table 1, where each

ingredient is defined as in equation (10).

Table 1: Correlations at the Firm Level

Group-Adj. Sales Demand Productivity Marginal Cost Markup
Group-Adj. Sales 1
Demand 0.669∗∗∗ 1
Productivity 0.547∗∗∗ -0.255∗∗∗ 1
Marginal Cost 0.664∗∗∗ -0.109∗∗∗ 0.989∗∗∗ 1
Markup 0.247∗∗∗ 0.144∗∗∗ 0.169∗∗∗ 0.196∗∗∗ 1

Beta Variance Decomposition
β explained (all firms) 1∗∗∗ 0.942∗∗∗ 0.191∗∗∗ -0.133∗∗∗ -0.001∗∗∗

β explained (Top 10 firms) 1∗∗∗ 0.920∗∗∗ 0.273∗∗∗ -0.176∗∗∗ -0.020∗∗∗
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

The correlations in Table 1 reveal several important patterns. First, demand has the

strongest correlation with sales (0.669), even higher than productivity (0.547). Second,

while both productivity and scale are highly correlated with sales, they are negatively

correlated with customer capital, suggesting these advantages may substitute rather than

complement each other. Third, markups show weaker correlations with all variables,

indicating market power may play a smaller role in explaining sales variation.

While correlations show the relationships between components, they don’t quantify

each factor’s contribution to overall market share variation. To measure these contri-

butions precisely, we perform a β-variance decomposition where all terms sum to one,

allowing us to interpret each coefficient as the share of variance of total log devation

of sales explained at the bottom of Table 1. We introduce four components into this
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decomposition. As earlier, we have our residual (or customer capital), which is residual

demand for the firm conditional on price. We then also have the firm-level productivity

zj, and the firm-level cost scale, which comes from diminishing returns on the produc-

tion function. Finally, we include the markups.

We see from the β-variance decomposition a couple of interesting results. First, resid-

ual demand is again the most significant factor driving market share. Second, the pro-

ductivity channel is also important. In the cross-section, productivity alone explains 19%

of the market share. Overall, residual is about four times as strong as productivity in

explaining changes in market share in the cross-section. The decreasing returns to scale

from the cost curve (“Cost DRS”) makes it such that when demand and productivity

each increase, the cost effect will diminish their overall expansion in market share due

to the convexity of the cost function (ω < 1).

We now look to Figure 3 to see how changes in firm market share can be attributed to

changes in productivity and demand. We see that the relationship looks quite symmetric.

Figure 3: The Evolution of Firm Size
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Notes: Top two firms determined by average market share, logged and initialized at period 0. The
blue line represents the leader and red line represents the follower. The dotted lines remove all net
inflows/outflows from each firm contributing to market share. Shares are defined within each product
group and weighted by product group size in sales. Source: USPTO/RMS NielsenIQ.
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Overall, residual demand is a core driver of firm sales. This object relates to en-

dogenous and exogenous forces on the customer-firm relationship. We now turn to our

structural decomposition of the changes in demand from these endogenous and exoge-

nous forces.

3.4 Decomposing Demand

So far, we have shown the role of demand is central to both the static firm distribution

of market share and firm-level growth. The relative persistence of this demand channel

suggests the centrality of customer capital. We now turn to decompose the forces driving

the fluctuations in demand at the firm level. We will bring these components to the

structural estimation of the law of motion of customer capital in the next section.

We start by focusing on three channels by which demand changes: entry, exit, and

continuing products, and then group them into the two main drivers. First, firms intro-

duce new products within the same group to boost attention to their basket of goods.

Second, existing products exhibit churn as a result of market dynamics. Third, products

exit the market. We ask how these three processes contribute to change in sales and

change in overall customer capital in this section. For sales, we are interested in the

evolution of firm sales from these three terms,

∆ ln Salesit = 2
Contt − Contt−1

Salest + Salest−1︸ ︷︷ ︸
Continuing products

+ 2
Entry Sales

Salest + Salest−1︸ ︷︷ ︸
Entry

−2
Exit Sales

Salest + Salest−1︸ ︷︷ ︸
Exit

(11)

This delivers the sales decomposition, which tells us how the activity of each margin

affects overall sales at the firm level. We now turn to the decomposition of sales growth

at the firm level in Table 2.

Table 2: Beta Decomposition of Changes in Firm-Level Sales

Component Beta Coefficient Std. Error Mean Level
Continuing products 0.694 0.005 -0.064
New product entry 0.234 0.005 0.062
Product exit 0.071 0.002 -0.009

Notes: This table presents the beta decomposition of changes in firm sales into three components: continuing products, new
product entry, and product exit. The sample is restricted to the top 10 firms by sales within each product group for the period

2007-2017. Beta coefficients represent each component’s contribution to the total variance of changes. All estimates are weighted by
product group sales.
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The decomposition of sales suggests some important margins. First, when it comes

to new product entry, its role for expanding firm sales is central. New products explain

approximately 23% of the variation in aggregate sales and also has a central role in

firm-level residual demand which we turn to next. Theoretically, this aligns with the

endogenous force as firms introduce new products in order to maintain high demand.

This is consistent with Argente et al. (2020), who find constant product entry is a central

driver to a firm’s maintaining demand.

In the model, there are two core drivers of demand changes: endogenous investments

of firms and the natural decay of existing customer capital. As we can see from the sales

decomposition, continuing products and exiting products both contribute negatively to

firm-level sales, while entry contributes positively. For the natural creation and decay of

customer capital, we group continuing and exiting products together and focus on entry

as the firm’s endogenous choice of investment. This can be thought of as firms refreshing

shelf space or linked to their endogenous investments in customers. We present the

decomposition of residual demand, which has a slightly different structure. This is

presented in equation (12),

∆bikt =
Nentry

Nikt
· bentry︸ ︷︷ ︸

endogenous

+
Ncont

Nikt
· (bcont,t − bcont,t−1)−

Nexit

Nik,t−1
· bexit︸ ︷︷ ︸

exogenous

. (12)

The key assumptions in our setting is that new products require an active form of

endogenous investment of the firms. Given consumer limited attention, this crowds out

other products which continue or exit.

Entry and Decay of Customer Capital. Central to our study is the role of endogenous

customer capital, where firms make specific investments in acquiring and maintaining

customers conditional on some decay. Here, we ask about the change in customer cap-

ital and how it varies with firms’ existing level of customer capital to understand this

relationship. In the next section, we use this relationship to identify the marketing cost

and decay parameter.

Splitting new entry into creation and existing and exiting products into decay, Figure

4 details the changes in customer capital coming from creation and decay by the level
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in the previous period. We document this for the top 10 firms within a product group,

where the group is weighted by the total average sales in the group. We call “marketing

intensity” the introduction of residual demand through new products. The blue dots

indicate the rate of marketing intensity η relative to the group mean, whereas the red

triangles indicate the relative decay intensity to the group mean. The level of these

outcomes is not identified since it is relative to the group, but the slope provides intuition

on the relationship between firm customer capital, creation, and decay.

Figure 4: Gross and Net Flows of Customer Capital
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Notes: This figure disaggregates the change in residual demand into continuing products (orange), exiting
products (red), and entering products (blue). The decomposition is available in equation (12). Authors’
calculations.

We note some clear patterns in Figure 4. We find that larger firms have higher rates

of marketing η relative to small firms. For a firm with one log point higher customer

capital, they market 0.07 log points higher in terms of new product introduction. Con-

versely, these firms also experience higher decay rates. For a firm with one log point

higher customer capital, their customer capital decays 0.13 log points higher. These

results are consistent with the model and will serve as important benchmarks for our

estimation.
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Discussion of Empirical Results. Our empirical exercises extend standard workhorse

empirical frameworks for measuring drivers of firm heterogeneity. Consistent with the

literature, we find that demand differences are indeed central drivers of firm size, and

they are persistent. One of the novel findings in our analysis is that firms with higher

residual demand introduce more new products to increase residual demand but also

face higher decay. From this exercise, it is less clear the endogenous versus exogenous

drivers of this misallocation and the implications for policy and welfare. This question

is central to policy analysis and normative understanding of the drivers of market share

and aggregate productivity. We turn to this next through the lens of the model, where

we focus on the dynamic manifestation of the static distortions.

4 Estimation

In this section, we discuss the steps to estimate the parameters of our model. We pro-

ceed in two steps. First, we calibrate the model to match key empirical regularities

documented in Section 3, with particular attention to the dynamics of the correlation

between product creation and decay and the market share of firms. Second, we discuss

the model’s fit for targeted and untargeted moments.

4.1 Moments and Parameters

We interpret our empirical results as a steady-state equilibrium of the model. Some of

the parameters are well estimated in the literature, and we discuss their values. Others

are novel in our framework, and we discuss the moments from our empirical analysis

that help identify these parameters.

Parameters from the Literature. The following parameters are directly taken from the

literature. In terms of the household’s preference, we calibrate the discount rate of the

household to match a standard annual risk-free rate, ρ = 0.03. The substitution elasticity

among firms is a crucial parameter and is well estimated by studies in the literature.

The closest paper we build on is Hottman et al. (2016). They estimate the firm-level

substitution elasticities with a similar demand system and NielsenIQ Homescan data.

We take the median substitution elasticity, σ = 3.9, among product groups based on
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their estimates. This elasticity implies the minimum profit margin of firms is around

0.25, and the maximum is 1.0. As this is a central parameter, we also perform our

quantitative analysis using alternative values of substitution elasticity to understand

how this changes the counterfactuals.

Internally Calibrated Parameters. The rest of the parameters are based on our em-

pirical analysis. Most of our parameters, except for the marketing cost, can be directly

inferred from their empirical counterparts.

First, we calibrate the number of firms, I = 10, to be the average number of firms with

market shares above 1% across product groups. Second, we estimate the parameters of

the stochastic process to match the empirical persistence of estimated firm productivities.

We fit a Jordà (2005) local projection regression to the firm-level productivity,

ai,t+h = α0 + α1,hait + α2ait−1 + εit, (13)

where we plot out the response to a shock to ait through the coefficient α1,h. We

take the 5-year interval to match the decay rate and find an average decay rate of 0.9.

Interpreted in our model, a coefficient of 0.9 on lagged productivity implies a switching

rate of − log(0.9), which is approximated as 0.11. We assume the distribution firms draw

their productivity from a support of seven possible values. The values on the support

and their probability mass are then taken to match a normal distribution of mean 0 and

standard deviation from the data, 0.77.

Second, we calibrate the two remaining parameters for the dynamics of customer cap-

ital from Section 3.4. These are the two most important parameters for our quantitative

analysis, and our empirical results provide rich content that informs these parameters.

From the results in Figure 4, the correlation between the decaying flow and the current

residual demand of firms is −0.13. This exactly maps into a value of ρ = 0.13. We then

calibrate the marketing cost, κ, to match the within-group standard deviation of the en-

try flows across firms. The marketing cost is the only parameter we estimate using the

simulated method of moments (SMM).

28



Concentration and Productivity: The Role of Demand

Table 3: Estimation Moments and Parameters

Parameter Value Main Identification
Interest Rate r 0.03 Annual Risk-free Rate
Substitution Elasticity σ 3.90 Hottman et al. (2016)
Number of Firms I 10 Mean Number of Firms above 1% share
Productivity - Switching Rate λ 0.11 AR(1) coefficient of productivity
Productivity - Distribution F Discretized N (0, 0.77) AR(1) volatility of productivity
Demand - Decay Rate ρ 0.13 Decay - Demand Correlation
Demand - Marketing Cost κ 1.54 Creation std.

Notes: Parameters estimated separately (top panel) and jointly (bottom panel). Source: RMS NielsenIQ and author
calculations.

4.2 Goodness-of-Fit

We now discuss how well the model fits components of the data that were not directly

targeted. We first focus on autocovariance functions: how firm-level variables are cor-

related with past measures of the firm. We then discuss how the correlation between

customer capital and productivity evolves and study local projections. We then turn to

elements of persistence in customer capital, productivity, and market share. We start

with Figure 5.

Figure 5: Gross and Net Flows of Customer Capital

Notes: This figure plots the data (points) and model (lines). The red line is matched to the decay rate while
the blue line comes from the dispersion of product residual demand creation. Authors’ calculations.

Figure 5 demonstrates our model’s ability to match the empirical distribution of prod-

uct residual demand across firms. We calibrate two key parameters: ρ, which governs the

persistence of product residual demand, and κ, which controls the strength of cannibal-
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ization effects between a firm’s products. The red line represents our targeted moment

coming from the decay rate of customer capital, which we use directly in our calibration

procedure. The blue line shows an out-of-sample prediction: the cross-sectional dis-

tribution of the endogenous investment in customer capital. The close alignment here

suggests that the targeted marketing cost is able to capture the size dynamics in the data.

Figure 6: Firm Size Distribution

Notes: This figure plots the model and data of the firm size distribution. The 63% of the market the top
10 firms hold is normalized to 100%. Authors’ calculations.

Figure 6 demonstrates the strong alignment between our model’s predicted firm size

distribution (red line) and the empirical distribution observed in the Nielsen RMS data

(blue bars). The model successfully captures the highly skewed nature of market shares

across firm ranks, with the market leader commanding approximately 40% of the mar-

ket, almost double the share of the second-ranked firm (22%). This steep decline con-

tinues as we move to lower-ranked firms, with the third firm capturing about 11%, and

subsequent firms holding progressively smaller shares, approaching 2% for the tenth-

ranked firm. The model’s ability to match this pattern is particularly notable given that

we did not directly target the full distribution in our estimation but rather focused on

moments related to the dynamics of customer capital and productivity. This close fit

suggests that our theoretical mechanisms—the interaction between productivity differ-

ences, strategic customer capital accumulation, and variable markups—correctly capture

the forces that generate the observed concentration in consumer product markets. The
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granularity of competition among these top firms is essential for our analysis.

We finally turn to moments on persistence and the correlation between productivity

and customer capital in Table 4.

Table 4: Untargeted Moments

Outcome of Interest Model Data
Market Leader Persistence 0.92 0.96
Customer Capital Leadership Persistence 0.95 0.92
Productivity Leadership Persistence 0.90 0.88
Endogenous Correlation (a, b) 0.55 0.71

Note: Author calculations. Persistence is measured as 5-year persistence annualized in the data to purge transitory components of
rank.

The model successfully captures several important empirical patterns. We match the

higher persistence of market leadership (0.92 in model vs. 0.96 in data) compared to

productivity leadership (0.90 in model vs. 0.88 in data). This aligns with findings in

Bartelsman et al. (2013) that market leaders are more persistent than would be predicted

by productivity dynamics alone.

Our key contribution is connecting this pattern to customer capital dynamics. Cus-

tomer capital leadership persistence (0.95 in model vs. 0.92 in data) exceeds productivity

persistence, consistent with evidence from Foster et al. (2008) that demand factors exhibit

greater persistence than productivity shocks. The model further generates a positive cor-

relation between productivity and customer capital (0.55 in model vs. 0.71 in data) com-

ing from endogenous investment, reflecting the endogenous accumulation mechanism

in our framework.3

These moments confirm the central role of customer capital in explaining market

share dynamics and persistence in environments with granular firms. The path depen-

dency generated by strategic marketing investments allows market leaders to maintain

their positions despite productivity mean reversion, creating patterns of persistence that

match empirical observations.

3The baseline relationship between productivity and customer capital in the data is negative due to
the contemporaneous shocks having a negative correlation. To isolate the endogenous component, we run
local projections with controls and ask about the correlation between productivity and the fitted values of
customer capital. We discuss this in detail in Appendix C.6.
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5 Quantitative Analysis

This section answers the following questions. Section 5.1 asks, how do the three mar-

gins of customer capital churn (size incentive, productivity incentive, and natural decay)

drive the matching between customer capital and firm productivity? Section 5.2 ad-

dresses how customer capital affects the transmission of firm-level productivity shocks

to aggregate productivity and, thus, aggregate allocative efficiency. Section 5.3 asks,

how do these findings change our understanding of policies that aim to alleviate the

distortions due to oligopoly?

5.1 What Drives Matching between Demand and Productivity?

We have documented empirically that firms’ demand does not always match produc-

tivity. Our structural model provides a decomposition of the drivers underlying this

matching. To start this section, we plot the model-implied distribution of the correlation

between firm-level customer capital and firm-level productivity within each product

group.

Figure 7: Distribution of Productivity and Customer Capital Correlation

Figure 7 illustrates two central components of the drivers of the correlation between

customer capital and productivity. First, the distribution reveals substantial heterogene-

ity in these correlations, ranging from slightly negative values to nearly perfect positive
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correlation, with most firms exhibiting moderate to strong positive correlation. This dis-

persion reflects differences in path dependency across industries, a central component

of our framework. Second, the figure also highlights the impact of strategic incentives

on this relationship. In our baseline model (blue), which includes both productivity

and size incentives, the mean correlation is 0.546. When we remove the size incentive

(red), leaving only the productivity incentive, the mean correlation increases to 0.631.

This difference demonstrates how strategic considerations associated with firm size can

partially decouple customer capital from productivity. When firms internalize their size

incentive, they may make marketing investments that are less aligned with productiv-

ity, leading to a weaker overall correlation. This finding underscores the importance of

modeling strategic interactions in markets with granular firms.

We next turn to productivity shocks and the time it takes customer capital to catch

up. Figure 8 displays the distribution of the longest half-life of customer capital (b) across

firms in our sample. The histogram reveals substantial heterogeneity in the persistence

of demand, with values ranging from approximately 6 to 14 periods.

Figure 8: Distribution of Half-Lives
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The median half-life in our estimated model is 12.62 periods (indicated by the ver-

tical dashed line), which is 136% longer than the exogenous rate of 5.33 periods that

would prevail if there were no size incentive in customer capital accumulation. This

pronounced difference highlights the importance of endogenous marketing decisions in
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our framework for path dependency. Firms strategically invest in customer acquisition,

extending the persistence of their demand bases well beyond what would be expected

from natural decay alone. This feedback mechanism between firm size and marketing in-

centives generates substantial demand inertia, consistent with our theoretical prediction

that the markup incentive (ϕ > 0) amplifies path dependence and reduces the effective

speed of mean reversion in the economy.

We then ask how these overall incentives shape the firm size distribution. Figure 9

decomposes market concentration by comparing market shares across firm ranks under

two scenarios. The blue line represents market shares determined solely by productivity

differences across firms, while the red line incorporates both productivity and accumu-

lated customer capital. For the highest-ranked firms (ranks 1-2), the market shares, when

accounting for customer capital, exceed those predicted by productivity alone, with the

largest gap observed for the market leader. As we move to lower-ranked firms (ranks 3-

10), this pattern reverses, and firms have less market share than their productivity would

predict.

Figure 9: Decomposition of Concentration
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This decomposition reveals the crucial role of customer capital in granular markets.

The largest firm is 31% larger due to customer capital, which comes as a mix from the

size effect, allowing them to extract higher markups and invest more aggressively in

customer acquisition, ηi(α, b). The fifth-ranked firm is 35% smaller. The gap between

34



Concentration and Productivity: The Role of Demand

the two lines quantifies the importance of path dependency in this economy, showing

how the markup incentive amplifies initial advantages for market leaders while creating

additional obstacles for smaller firms, even when the latter may have comparable pro-

ductivity levels. This illustrates our model’s key prediction that endogenous marketing

decisions can lead to persistent misallocation between demand and productivity, with

important implications for market concentration and aggregate productivity.

5.2 Productivity: Micro-to-Macro

In this section, we study the relationship between productivity shocks, customer capital,

and aggregate dynamics. We start by discussing responses at the firm level to shocks

and then discuss the transmission to the aggregate. Finally, we compare this framework

to existing frameworks of firm and aggregate productivity to understand the differences.

Responses to Shocks. Firms respond differently to identical productivity shocks based

on their existing customer capital. Firms with established customer bases experience am-

plified benefits through a multiplier effect, as their productivity improvements generate

a surplus that attracts even more customers. Conversely, low-productivity firms see

dampened responses because of their limited reach and the strategic incentives of larger

rivals.

The amplification mechanism creates a “rich-get-richer” dynamic where initially suc-

cessful firms disproportionately benefit from productivity shocks. This disproportionate

reach may not be optimal for aggregate productivity. We look at this further from a local

projection on the dynamical system of a shock to productivity of one standard deviation.

We plot the impulse response for firms with low initial customer capital and high initial

customer capital. This can be seen in Figure 10.

Overall, this shows the centrality of initial conditions for firms. This heterogeneity

must be accounted for when analyzing the granular origins of aggregate productivity

changes, as overall productivity will move more slowly to its higher level. We can also

see this explicitly when comparing the aggregate productivity to other models in the

literature.
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Figure 10: Response to Productivity Shock by Initial Customer Capital

0
.1

.2
.3

.4
Cu

st
om

er
 C

ap
ita

l G
ro

w
th

0 2 4 6 8 10 12 14 16 18 20
Horizon (years)

Low Initial High Initial

Comparison to Other Models. To understand the nature of customer capital and ag-

gregate productivity dynamics, we next compare this model to other models common

in the literature in terms of aggregate productivity differences.

Table 5: Aggregate Productivity Comparisons (net out markups)
no b Aghion-Howitt no size incentive calibrated

Agg. Productivity 0.07 0.59 0.15 0.16

Table 5 quantifies the productivity implications of customer capital misallocation

across different scenarios. The standard CES oligopoly without customer capital (no

b) achieves only 0.07 in aggregate productivity, highlighting the potential importance of

customer targeting. In the idealized Aghion-Howitt scenario where all customer capital

flows to the productivity leader, aggregate productivity reaches 0.59—over eight times

higher. Introducing customer capital with mean reversion but without strategic size

incentives (no size incentive”) yields productivity of 0.15, capturing about 26% of the

maximum gain. Our calibrated model with endogenous marketing decisions driven by

productivity, size incentives, and mean reversion achieves a productivity level of 0.16,

slightly higher than without strategic incentives. This comparison reveals that while

customer capital is critical for productivity, strategic incentives have modest positive

effects in our baseline calibration, primarily because the productivity-enhancing incen-

tives slightly outweigh the distortionary size-based incentives in equilibrium. However,
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as our analysis of high-markup environments shows, this balance can tilt dramatically

when market power is higher, suggesting that customer capital misallocation becomes

more concerning in more concentrated markets.

Novel Mechanisms in Quantitative Results. The model admits rich dynamics in the

manifestation of aggregate productivity. There are two key components of our model

central to this result. First, a central mechanism in our model is the dynamic relationship

between firm productivity and customer capital. Our model admits a novel framework

to link these firm-level changes to aggregate productivity with slow-moving customer

capital. With instantaneous adjustment, customer capital would reallocate quickly to

firms with positive productivity shocks. Two key frictions impede this through the lens

of our model: costly customer acquisition and the strategic incentives that distort firm

marketing decisions.

Second, we study the nature of granular firms that have strategic incentives and op-

erate with dynamic investment decisions– this is crucial for quantifying and understand-

ing the nature of concentration to match existing firm size distributions. Monopolistic

competition models, alternatively, rely on a continuum of firms. Standard aggregation

in these models typically washes out firm-level shocks, which makes analysis on the

link from micro dynamics to macro outcomes untenable. This section demonstrates how

the strategic framework with dynamic oligopoly provides a structural foundation for

understanding how firm-level shocks propagate to aggregate productivity through en-

dogenous market share reallocation. This admits a rich decomposition of market share

and more realism when it comes to the transmission of shocks at the firm level.

5.3 Welfare Implications

This paper centers on the relationship between concentration and productivity when

firms endogenously invest in customer capital. We now study policies that aim to cor-

rect size distortions and ask about their effects on welfare, using the aggregate welfare

metrics as in Lemma 1. More precisely, we aim to answer two questions. First, what is

the welfare impact of marketing activities as a whole, and how much of the welfare inci-

dence is due to size-based incentives? To do so, we consider the aggregate welfare under

two scenarios: no marketing and no size-based incentives to our baseline calibration.
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Second, can the distortions in the granular economy be undone by policy interventions?

We specifically compare the equilibrium outcomes to a social planner problem and a

policy that aims to undo the static distortions due to granularity (Edmond et al., 2023).

We show that the optimal policy faces a tradeoff between correcting the static markup

distortions and correcting dynamic misallocation.

Table 6: Welfare Changes under Alternative Policies

No Marketing No Size Incentive in Marketing Production Subsidy Efficient
Chg.Wel f are, -7.31 3.80 10.70 41.42

due to Productivity, -17.32 -2.32 2.01 10.21
due to Markup, 7.81 2.59 12.11 26.40
due to Marketing Cost 4.70 3.52 -3.42 -4.81

Is Marketing Welfare Enhancing? The first counterfactual welfare analysis we con-

sider is a marketing ban. More precisely, we compare the calibrated baseline equilibrium

to another equilibrium with no marketing (implemented by introducing a high tax on

marketing). We then re-simulate the new equilibrium and compare the aggregate wel-

fare under the two stationary distributions. The result is reported in the first column of

Table 6.

The direct impact of a ban on marketing is the saving on marketing costs, which

amounts to 4.70% of the baseline consumption equivalence. As firms reduce their mar-

keting investments, two effects show up dynamically. Firms are no longer able to grow

in size through marketing, which leads to a decline in the size of large firms and re-

duced markups. The overall welfare from the reduction in markup is 7.81% increase

in the baseline consumption equivalence. However, there is also no longer a comple-

mentary expansion of customer capital to productivity, leading to a drop in aggregate

productivity, which leads to a welfare loss of 17.3% baseline. In net, a marketing ban is

welfare-reducing. In summary, marketing increases markup but also productivity in our

calibrated model, with the productivity effect dominating.

The overall effect masks the distortions due to the size incentives. To isolate this

welfare impact, we shut down the size incentives and recomputed the welfare incidences.

Eliminating size incentives saves marketing costs more than the reduction in aggregate

productivity. Thus, the marketing investment due to size incentives is welfare-reducing.

Meanwhile, removing size incentives also reduces markup. In total, this leads to an
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improvement of 3.8% of baseline consumption.

The Planner’s Solution. Before turning to the production subsidy, we discuss the na-

ture of the planner’s solution in this environment. The planner makes both static de-

cisions and dynamic decisions to maximize the representative household’s discounted

utility. Statically, she chooses how much firms produce given their productivity and

their customer capital. Dynamically, she chooses how much each firm should invest in

customer capital. The planner aims to sort customer capital to the frontier firm and solve

the static inefficiency from markups.

In the static allocation of production, the social planner chooses production (and

thus consumption) given the distribution of customer capital. The optimal static labor

allocation is standard. Compared to the equilibrium, there are no markup distortions in

the planner’s allocation. Two implications follow; the planner sets the production labor

to 1, and the aggregation consumption equals the aggregate productivity C = Z, where

Z is defined in Lemma 1.

We now turn to the planner’s dynamic decision, which is where the role of customer

capital leads to novel insights. The dynamic decision can be made group by group.

This comes from (i) the real consumption from different groups being aggregated via

a Cobb-Douglas aggregator and (ii) the disutility of labor from different groups being

linearly additive. More precisely, we can write the optimal utility for the representative

household under the planner’s solution as

V∗ =
∫ 1

0
Vkdk, (14)

where Wk is the expected utility from product group k:

Vk = max
ηit(αt,bt)

E0

∫ ∞

0
e−ρt

[
log Akt(αt, bt)− 1 − τ

I

∑
i

η2
i

2
(αt, bt)

]
dt (15)

Comparing the planner’s problem to the firm problem in the decentralized equilib-

rium, we notice two types of wedges. First, the firms internalize only the profits from

the static pricing equilibrium, while the planner factors in the full surplus to the repre-

sentative household. Conditional on the state (αt, bt), the oligopolistic equilibrium leads

to distortions due to variable markups and due to the level of markup. This is the dis-
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tortion well studied in the literature, such as Edmond et al. (2023). The second kind of

wedge is novel in our setting when we understand firms’ size through the lens of two

separate dimensions. Firms become big either due to customer capital or productivity.

The split of these two margins is irrelevant to the firms in equilibrium, as the profits

only depend on the sum of productivity and customer capital. The social surplus, how-

ever, does differ. As an illustrative example, consider the case where all firms have the

same productivity. From the planner’s perspective, any configuration of demand leads

to the same social surplus, as the demand heterogeneity is purely reallocative. For firms,

becoming bigger in terms of demand does lead to higher profits.

The optimal policy that corrects both types of wedges thus involves correcting markups

and making firms internalize the matching between productivity and demand. We now

show, with alternative policy instruments, that ignoring the matching between demand

and productivity can lead to further distortions. That is, a policy that ignores the split

between demand and supply can actually further exacerbate the very distortions it aims

to correct.

To fully characterize the planner’s solution, we use a similar linearization strategy as

in the equilibrium. First, we linearize the planner’s period return function log A(α, b)

around the equal-demand state, (α, 0).

v∗(α, b) =
1

σ − 1 ∑
i

(
s̄i(α)−

1
I

)
bi +

1
σ − 1

log ∑i exp(ai)

I
, (16)

where s̄∗i (α) =
exp(ai)

∑j exp(aj)
. In the planner’s payoff as in Equation (16), the planner’s equal-

demand payoff is the simple average of productivity across all firms. The endogenous

component of the planner’s payoff takes a weighted sum of firm-level customer capi-

tals, where the marginal benefit of increasing the customer capital of firm i reflects the

difference between the planner’s input share s̄∗i and the equal input share 1
I . Thus, the

marginal benefit of increasing the customer capital of a productive firm (with s̄∗i > 1
I )

while the benefit of increasing the customer capital of an unproductive firm (with s̄∗i < 1
I )

is negative.

We now compare the planner’s value to the equilibrium profits of firms. Since the

dynamic costs are identical for the planner and for firms in the equilibrium, the differ-

ence in the dynamic decisions must be rooted in the difference in static payoffs. First,

the planner does not have the markup incentives. More precisely, the linearity in the
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planner’s static payoff means that her optimal marketing strategy only depends on the

productivity of firms, not the accumulated customer capital. Second, the planner in-

ternalizes the business-stealing externality among firms. In firms’ profits, an increase

in their own customer capital always increases profits. Thus, the marketing investment

of the firms in the equilibrium can never be zero. The planner considers the difference

between the productivity gain from demand reallocation and the business-stealing exter-

nality. Since the net gain s̄∗i (a)−
1
I can fall below zero, the planner will set the marketing

investments for the least productive firms to be zero. This is a gap between planner and

equilibrium with or without variable markups; last, there is a standard lack of appro-

priability problem. We compare the planner’s payoff to the constant-markup firm profit

to see this. As 1/σ < 1
σ−1 , the firms always internalize fewer gains from reallocating

customer capital.

We report the welfare gains from implementing such a planner solution in Table 6.

First, the planner is able to reduce all markup distortions, leading to a welfare gain of

26.4%. This number is in line with the results from Edmond et al. (2023), where our

substitution elasticity corresponds to their high-markup scenario. There are additional

welfare gains from the planner’s solution. By factoring in the business-stealing external-

ity, the planner is able to increase the aggregate productivity and reduce the marketing

cost at the same time, leading to an additional gain of 15%. This dynamic gain is com-

parable to the static gain.

Production Subsidy. To highlight the tradeoff the policymakers face between resolving

static markups and dynamic allocation, we consider a static subsidy in production that

aims to eliminate markup distortions.

More precisely, we suppose there is a budget-balanced subsidy of τ > 0 for pro-

duction. With such a subsidy, the optimal production and pricing choice of the firms

become

max
q

(1 + τ)piqi − qeai/(1−σ),

s.t.

qi =
ebi/σ p−σ

i
∑j qj pj

.

Since the subsidy is uniform, it does not change the relative markups among firms

but reduces the overall level of markups by a ratio 1
1+τ . This policy leaves the market
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shares conditional on (α, b) unchanged as in the baseline equilibrium. Dynamically, it

changes firms’ marketing incentives. More precisely, the profit of firms now become

πS(α, b) = (1 + τ)π(α, b).

Thus, the production subsidy impacts welfare through two channels. Statically, it re-

duces welfare costs due to markups. Dynamically, it acts like a subsidy to firm size, mak-

ing marketing investments more attractive. Theoretically, the dynamic effect can be both

positive and negative, depending on whether the size incentive is welfare-enhancing.

Table 6 reports the welfare impact of 10% subsidy in the third column. Overall,

this production subsidy brings 2% gain in consumption equivalence. Underneath this

welfare gain, the static welfare gain due to markup is unambiguously positive, consistent

with the literature. There is indeed a negative dynamic effect: the economy has a higher

cost of marketing than the gain in productivity. On net, this induces a 1.4% loss due

to the endogenous marketing response to subsidy, indicating how these policies may

backfire. These lessons are important to keep in mind for industrial policies that ineract

on firm size.4

6 Conclusion

What is the relationship between market concentration and aggregate productivity? This

paper argues that understanding the role of demand is essential for answering this ques-

tion. We find that demand or customer capital is a central driver of firm market share

and has a significant aggregate impact. We build a dynamic model to study the forma-

tion of aggregate productivity where granular firms invest in expanding demand and

have both demand and productivity as state variables. We find that the dynamic inter-

action of these forces can significantly impact the transmission of productivity shocks

from the firm level to the aggregate. On average, higher concentration enhances produc-

tivity through positive sorting, but this is not always the case, and standard policies can

backfire. For instance, standard policies for managing size-based distortions can backfire

by encouraging the accumulation of customer capital at firms without a corresponding

increase in aggregate productivity.

4We discuss other potential policies of interest in Appendix A.6.
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Our results highlight the importance of understanding the sources of firm perfor-

mance beyond a single-dimensional productivity measure. Whether market power comes

from productivity or accumulated customer capital leads to different conclusions re-

garding efficiency and various policies. We discuss some possible extensions of our

framework here. First, we believe our two-dimensional case on customer capital and

productivity can be extended to consider other forces driving firm size that interact with

productivity, such as worker prestige, political connections, or location. Second, changes

in customer capital may endogenously feedback to productivity through firm-level in-

vestments in technology. This could create long-run growth effects beyond the allocative

efficiency dynamics discussed here. Third, the nature of firm entry and firm or brand

acquisitions in markets may significantly interact with the forces discussed here. We

believe these threads are fruitful extensions for further research.
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Appendix
The Appendix contains three sections. Appendix A discusses the theoretical proofs and
expands on the firm’s dynamic problem. Appendix B discusses the data background
and merges across datasets. Appendix C discusses the estimation and robustness.

A Theoretical Appendix

A.1 Details of the Approximation of Market Shares

This section discusses the details of the approximation of market shares. We take the
following steps, given the nonlinear system of equations

si =
exp(ai + bi)(1 − si)

σ−1

∑j exp(aj + bj)(1 − sj)σ−1

We aim to approximate the system around the value (a, 0). For notation simplicity, we
denote this system as H(α, b, s) = 0. First, we define s̄i(α) as the solution to

si(α) =
exp(ai)(1 − si)

σ−1

∑j exp(aj)(1 − sj)σ−1 .

Because given the value of (a, b), the solution s is only implicitly defined by H, we use
the implicit function theorem to write:

∇bs|a,0 = −(∇sH|a,0)
−s∇bH|a,0

where we use ∇xy to denote the gradient of y with respect to x. Computing the gradients
accordingly, we approximate the market shares by a first-order Taylor expansion

s = s̄ +∇bs(b − 0).

Computing the derivatives accordingly, we have the system of equations as in the main
text.
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A.2 Derivation of Equilibrium Dynamics

In this section, we derive the equilibrium conditions. We start by re-writing firm i’s
dynamic problem, given the competitors follow the strategy ηj(α, b) = γj(α) + ϵj(α)

′b,
for j ̸= i.

max
ηi(α,b)

E0

∫ ∞

0
e−rt

(
π̄i(α) + Pi(α)

′b + bTQi(α)b − κ

2
ηi(α, b)2

)
dt, (A1)

s.t.
ḃ(α) = Gi(α)

′ + (E(α)′ − ρI)b + ηi(α, b)ei

where

G(α)j =

γj(α) if j ̸= i

0 if j = i
, E(α):,j =

ϵj(α) if j ̸= i

0 if j = i

and ei is the unit vector at index j that takes value 1 a the i-th dimension and zeros in
all other dimensions.

We write out the HJB equation from this problem:

rVi(α, b) = max
ηi(α,b)

π̂(α, b)− κ
ηi(α, b)2

2
+ ∆Vi(α, b)′ḃ(α) + λ ∑

α′
(Vi(α

′, b)− Vi(α, b))Fα,α′ .

We now guess and verify the value function follows the quadratic form. More precisely,
we guess that

Vi(α, b) = vi(α) + κ

(
Γ′

i(α)b +
1
2

b′Ei(α)b
)

From this guess, the gradient can be written as:

∆Vi(α, b) = κ (Γi(α) + Ei(α))

The first-order condition with respect to ηi(α, b) requires that:

ηi(α, b) = γi(α) + ϵi(α)
′b,

where we denote the i-th element of Γi(α) as γi(α) and the i-th column of Ei(α) as ϵi(α).
With this optimal solution, we now verify the guess. In the equation for Vi, plugging the
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guess resulting solution form. We have:

(r + λ)

(
vi(α) + κ

(
Γ′

ib +
1
2

b′Eib
))

=π̂(α, b)− κ

2
(
γi(α) + ϵi(α)

′b
)2

+κ
(
Γ′

i(α) + b′Ei(α)
) (

Gi(α) + γi(α)ei +
(
Ei(α)

′ − ρI + eiϵi(α)
′)b
)

+λ ∑
α′

(
vi(α

′) + γ

(
Γi(α

′)′b +
1
2

b′Ei(α
′)b
))

Fa,a′ ,

This verifies the quadratic guess, and we end up with three equations for the matrices.
We only state the two equation systems that characterize Γi and Ei

(r + λ)Γi(α) =
1
κ

Pi(α) + γi(α)ϵi(α) + ((E(α)− ρI)Γi(α) + Gi(α)Ei(α)) + λ ∑
α′

Γi(α
′)Fα,α′

(r + λ)Ei(α) =
1
κ

Qi(α) +
1
2
Ei(α)eie′iEi(α) + Ei(α)(E′

i(α)− ρI) + λ ∑
α′
Ei(α

′)Fα,α′

or

0 =
1
κ

Qi(α) +
1
2
Ei(α)eie′iEi(α) + Ei(α)(E(α)′ − (ρ + r)I) + λ ∑

α′
(Ei(α

′)− Ei(α))Fα,α′

In the equilibrium, we can write:

Ei(α) = ∑
j ̸=i

eie′iEj(α).

We thus end up with I equations for the following form

0 =
1
κ

Qi(α)+
1
2
Ei(α)eie′iEi(α)+Ei(α)

(
∑
j ̸=i

eje′jEj(α)− (ρ + r)I

)
+λ ∑

α′
(Ei(α

′)−Ei(α))Fα,α′

For each i, if we focus on the i-th row of Ei and stack all i equations, we get the equation
as in the main text.

A.3 Details of Two-firm Case

We discuss the details in the derivation of the results in the two-firm case. More specif-
ically, we assume the productivities take value in {0, λ}. In this case, we can write the
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approximated market share as

ŝj(a, b) = s̄j(a) + ζ j(a)s̄−j(a)(bj − b−j),

where we used the fact s̄j(a) + s̄−j(a) = 1. Using this result, we can write the approxi-
mated profit as

π̂j(a, b) = π̄j(a)+
(

1
σ
+

σ − 1
σ

2s̄j(a)
)

ζ j(a)s̄−j(a)(bj − b−j)+
σ − 1

σ
ζ j(a)2s̄−j(a)2(bj − b−j)

2.

We guess that

Vi(α, b) = νi(α) + κγi(α)(bi − b−i) +
κ

2
ϵi(α)(bi − b−i)

2.

With this guess, we take the partial derivatives

∂Vi

∂bi
(α, b) = κ(γi(α) + ϵi(α)(bi − b−i)),

and
∂Vi

∂b−i
(α, b) = −κ(γi(α) + ϵi(α)(bi − b−i)).

Taking the first-order condition with respect to the marketing investment:

ηi(α, b) = κ(γi(α) + ϵi(α)(bi − b−i).

η−i(α, b) = κ(γ−i(α) + ϵ−i(α)(b−i − bi).

The net value from marketing is

ηj(a, b)
∂Vj

∂bj
(a, b)− γ

2
ηj(a, b)2 =

1
2γ

(
υj(a) + ωj(a)(bj − b−j)

)2

We plug these decisions to verify the guess into the HJB equation:

r
(

νi(α) + κγi(α)(bi − b−i) +
κ

2
ϵi(α)(bi − b−i)

2
)

=π̄i(α) +

(
1
σ
+

σ − 1
σ

2s̄i(α)

)
ζi(α)s̄−i(α)(bi − b−i) +

σ − 1
σ

ζi(α)
2s̄−i(α)

2(bi − b−i)
2

+
κ

2
(γi(α) + ϵi(α)(bi − b−i))

2 − κρ (γi(α) + ϵi(α)(bi − b−i)) (bi − b−i)

−κ (γi(α) + ϵi(α)(bi − b−i)) (γ−i(α) + ϵ−i(α)(b−i − bi)) +A(Vj)
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Matching terms, we find the guessed form solve the HJB equation and we now have the
following separate HJB equations for the coefficients:

ρνj (a) = π̄j (a) +
1

2γ
υj(a)2 − 1

γ
υj(a)υ−j(a) +Aνj (a)

ρυj(a) =
(

1
σ
+

σ − 1
σ

2s̄j(a)
)

ζ j(a)s̄−j(a)+
1
γ

υj(a)ωj (a)−
1
γ

(
ωj (a) υ−j(a)− υj(a)ω−j (a)

)
+Aυj(a)

(r + 2ρ + λ)ϵi (α) =
2
κ

σ − 1
σ

ζi(α)
2s̄−i(α)

2 + ϵi (α)
2 + 2ϵi(α)ϵ−i(α) + λ ∑

α′
Fα,α′ϵi(α

′)

Identical Productivity. For this case we set λ = 0. Starting with the higher-order term.
The common response to customer capital gap is the solution to:

2
κ

σ − 1
σ

ζ2s̄2 + 3ϵ2 − (r + 2ρ)ϵ = 0

ḃ = (ϵ − ρ)b

In this case, knowing s̄ = 1
2 , we can further simplify this equation to

3ϵ2 − (r + 2ρ)ϵ +
σ − 1
8κσ3 = 0

This equation has real solutions when

(r + 2ρ)2 >
3(σ − 1)

2κσ3

When this condition is satisfied, we have the solutions in the form of

(r + 2ρ) +
√
(r + 2ρ)2 − 3(σ−1)

2κσ3

6

and
(r + 2ρ)−

√
(r + 2ρ)2 − 3(σ−1)

2κσ3

6
Only the small one satisfies the transversality condition.
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Heterogeneous Productivity with λ = 0. Denoting qi =
2
κ

σ−1
σ ζi(α)

2s̄−i(α)
2, we have a

two-equation system:
(r + 2ρ)ϵ1 = q1 + ϵ2

1 + 2ϵ1ϵ2

(r + 2ρ)ϵ2 = q2 + ϵ2
2 + 2ϵ1ϵ2

Defining ϵs = ϵ1 + ϵ2,

A.4 CES Demand Formation

We model consumer decision-making across firms using a framework that connects dis-
crete choice models with CES preferences. The economy has a measure one of con-
sumers, each with a unit of income to spend. Consumers have different preferences
due to idiosyncratic taste shocks, but aggregate demand behaves as if generated by a
representative consumer with CES preferences.

The equivalence between these frameworks provides two complementary interpreta-
tions. In the discrete choice interpretation, each consumer chooses exactly one product
based on random utility maximization, with the probability of choosing firm j’s product
given by:

Pi =
bi p1−σ

i

∑I
j=1 bj p1−σ

j

(A2)

where bj represents firm-specific taste (incorporating both quality and brand effects), pj

is price, and σ is the elasticity of substitution parameter. The random component follows
a Type 1 Extreme Value distribution with variance π2

6(σ−1)2 , creating the probabilistic
choice pattern.

In the CES interpretation, the same market shares arise from a representative con-
sumer maximizing:

U(x1, . . . , xJ) =

(
J

∑
j=1

bjx
σ−1

σ
j

) σ
σ−1

(A3)

subject to the budget constraint ∑J
j=1 pjxj = Y. This yields identical market shares as the

discrete choice model. The parameter σ simultaneously captures substitutability in the
CES framework and choice dispersion in the discrete choice framework, establishing a
direct link between these two modeling approaches.

This equivalence result is particularly valuable because it allows us to analyze pro-
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ductivity, taste, and branding effects through either lens. Firm productivity (aj) affects
prices (pj = µj/aj), which then enter the market share equations in the same way as
taste parameters. Higher productivity is thus mathematically isomorphic to stronger
consumer preference, highlighting the challenge of separately identifying supply-side
and demand-side advantages in empirical work.

A.5 Rational Inattention and Customer Base

With multiple firms, we use a rational inattention framework to map the consumer’s
choice across firm’s product bundles to the concept of customer capital. In this frame-
work, adapted from Wu (2024), households face cognitive limitations and must optimally
allocate their limited attention across competing options. Formally, each household h
chooses a probability distribution qhi of purchasing from each firm i by maximizing the
following:

max
qhi,chi

∑
i

qhi log chi − ψ ∑
i

qhi log
qhi
q̄i

,

where chi represents consumption and

q̄i =
exp(bi)

∑j exp(bj)

is the default attention allocation based on customer capital bi. This optimization is
subject to two key constraints: the limited attention constraint ∑i qhi = 1, reflecting that
probabilities must sum to one, and the limited budget constraint chi =

1
pi

, indicating that
consumption is inversely related to price.

Solving the household’s optimization problem yields an expression for the expendi-
ture share

qi =
exp(bi)c

1/ψ
i

∑k exp(bj)c
1/ψ
j

=
exp(bi)p−1/ψ

i

∑k exp(bj)p−1/ψ
j

,

where ψ represents the cost of households directing their choice towards the more pro-

ductive firms. This formulation generates expected utility log
(

∑i ebi c1/ψ
i

∑i ebi

)ψ

, which is

equivalent to the baseline CES utility when ψ = σ
σ−1 , yielding

log

∑i ebi c
σ−1

σ
i

∑i ebi

 σ
σ−1

.
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The model further relates consumption to firm productivity through cit = exp
( ait

σ−1

)
lit,

where ait represents firm-specific productivity and lit is labor input.
The firm’s customer capital bi can be interpreted as the result of marketing and brand-

building investments that influence the default attention allocation q̄i. By investing in
customer capital, firms can shift the default probability distribution in their favor, effec-
tively reducing consumers’ cognitive costs of choosing their products. This mechanism
explains why firms engage in marketing even when it does not directly affect product
quality or characteristics—it strategically influences the attention allocation process of
boundedly rational consumers. Consequently, firms with larger customer capital can
maintain higher market shares and potentially charge premium prices, highlighting the
economic value of marketing and brand recognition beyond productivity and in line
with a growing literature on the centrality of customers in market share.

A.6 Policies: Extension

We start by considering a size-based subsidy when the policy makers have access to
both demand and productivity differences of firms, separately. The optimal policy that
corrects the distortions due to markups removes the revenue incentives of firms and
reimburses the firms with the full social surplus they created. In practice, this involves
setting a gross transfer:

T(q) =
σ

σ − 1
ebi/σq

σ−1
σ

∑j exp(aj + bj)
−

ebi/σq
σ−1

σ
j

∑j ̸=i exp(bj + aj) + ebi/σq
σ−1

σ

.

Given that the other firms all price at the marginal cost, the post-transfer optimization
of the focal firm j becomes:

max
q

σ

σ − 1
ebi/σq

σ−1
σ

∑j exp(bj + aj)
− qeai/(1−σ).

The optimal choice of quantity is q∗i = eai+bi
σ

σ−1

∑j exp(bj+aj)
and the price is the marginal cost

p∗i = eai/(1−σ). This implements the static optimal allocation. In the equilibrium with
such a subsidy, every firm receives the share of surplus they created:

T∗
j =

1
σ − 1

eai+bi

∑k exp(bi + ai)
.
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We again consider a linearization of such a post-transfer payoff, around the equal-
demand state, (α, 0):

T∗
j ≈ 1

σ − 1
s̄∗i (α)

(
bi − ∑

j
s̄∗j (α)bj

)
+

1
σ − 1

exp(ai)

∑j exp(aj)
.

B Data Appendix

This section addresses the set of data sources relevant for the analysis and the data
examples that motivate our investigation. Appendix B.1 expands on the details of the
merge across datasets.

B.1 Data and Definitions

Merge. Our main merge links USPTO Trademark data with RMS NielsenIQ Scanner
data. We proceed by linking firms and products separately. Our merge matches over
80% of sales-weighted products. Some problems still emerge with short-names. We use
“tokens” and fuzzy matches to deal with the names. Firms and products follow similar
procedures and we discuss them in turn.

Datasets. We use four “parent” datasets in our study. We make use of brand-level data,
which has brand ID, firm ID, product group code, sales, prices, and year. We make use
of firm-level data which contains firm-level sales by group and year. We also make use of
customer-level data, which has household ID, product-level detail, and year. We finally
also make use of retail-level data for our local market regressions.

Product Definition. A product is defined as a UPC code (12-digit identifier) linked to
the NielsenIQ parent firm. Products lie underneath the umbella of a brand. Brands also
have brand codes which correspond to an umbrella aggregate across all brands in the
main maturity specification to avoid brand × product variation.
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Firms. For matching firms, we first standardize on a large set of firm tags, eliminating
common firm words, e.g. “CORP”, “INC”, “ESTABLISHMENT”).1 We then take the
cleaned and standardized name and match according to a tokenized bigram matching
procedure.

C Estimation Appendix

This appendix details our two-step estimation procedure for recovering the structural pa-
rameters of our model. We first estimate the autoregressive parameters using Arellano-
Bond dynamic panel methods, then recover variance components through GMM mo-
ment matching.

C.1 Model Structure

Our empirical model decomposes both productivity and customer capital into persistent
and transitory components. For firm j at time t:

ajt = aP
jt + ζa

jt + αj

bjt = bP
jt + ζb

jt + β j

where ζa
jt and ζb

jt are the transitory shocks, they are independent of the current and
past persistent shocks; αj and β j are the fixed effects; νa

jt and νb
jt are the persistent shocks.

In this note, we assume that we have already recovered ρaa, ρba, ρbb from Arellano-
Bond and we want to recover the variances

(
σ2

aT, σ2
bT, σ2

aP, σ2
aP
)
. We will recover these

parameters from the auto-covariance function of the first difference. More precisely, we
denote

Σx
k = Cov

(
xjt − xjt−1, xjt−k − xjt−k−1

)
, x = a, b

1The full list is here (’AB’, ’AG’, ’BV’, ’CENTER’, ’CO’, ’COMPANY’, ’COMPANIES’, ’CORP’, ’COR-
PORATION’, ’DIV’, ’GMBH’, ’GROUP’, ’INC’, ’INCORPORATED’, ’KG’, ’LC’, ’LIMITED’, ’LIMITED-
PARTNERSHIP’, ’LLC’, ’LP’, ’LTD’, ’NV’, ’PLC’, ’SA’, ’SARL’, ’SNC’, ’SPA’, ’SRL’, ’TRUST’, ’USA’,
’KABUSHIKI’, ’KAISHA’, ’AKTIENGESELLSCHAFT’, ’AKTIEBOLAG’, ’SE’, ’CORPORATIN’, ’GROUP’,
’GRP’, ’HLDGS’, ’HOLDINGS’, ’COMM’, ’INDS’, ’HLDG’, ’TECH’, ’GAISHA’, ’AMERICA’, ’AMER-
ICAN’, ’NORTH’, ’OPERATIONS’, ’OPERATION’, ’DIVISION’, ’COMPAGNIE’,’INTERNATIONAL’,
’NORTH AMERICA’, ’InBev’).
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It is useful to write out the values in terms of past realizations. More precisely, for
any k ≥ 1

aP
jt = ρk

aaaP
jt−k + error

where the error is independent to aP
jt−k. We can do the same with b:

bP
jt = ρk

bbbP
jt−k +

(
k−1

∑
l=0

ρl
bbρbaρk−l−1

aa

)
aP

jt−k + error

For notation simplicity, lets define

Rk =
k−1

∑
l=0

ρl
bbρbaρk−l−1

aa

Thus

bP
jt = ρk

bbbP
jt−k + RkaP

jt−k + error

Productivity To start, we impose stationarity and denote the stationary variance of aP

as Var(aP):

Var
(

aP
)
= ρ2

aaVar
(

aP
)
+ σ2

aP =⇒ Var
(

aP
)
=

σ2
aP

1 − ρ2
aa

We start with k = 0:

Σa
0 = Var

(
ajt − ajt−1

)
= Var

(
aP

jt − aP
jt−1 + ζa

jt − ζa
jt−1

)
= Var

(
aP

jt − aP
jt−1

)
+ Var

(
ζa

jt − ζa
jt−1

)
= Var

(
ρaaaP

jt−1 + νa
jt − aP

jt−1

)
+ 2σ2

aT

= (1 − ρaa)
2Var

(
aP
)
+ σ2

P + 2σ2
T

where the first equality uses the definition, the second equality uses the fact ζa are
independent of the permanent components, the third equality uses the definition of the
variance of the transitory variance, and the last equation uses fact νa

jt is independent
of past values. We denote the stationary value of the persistent variance as Var(aP).
Plugging the stationary variance we have
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Σa
0 =

2
1 + ρa

σ2
aP + 2σ2

aT

Now we move on to k = 1:

Σa
0 =Cov

(
aP

jt − aP
jt−1 + ζa

jt − ζa
jt−1, aP

jt−1 − aP
jt−2 + ζa

jt−1 − ζa
jt−2

)
=Cov

(
aP

jt − aP
jt−1, aP

jt−1 − aP
jt−2

)
+ Cov

(
ζa

jt − ζa
jt−1, ζa

jt−1 − ζa
jt−2

)
=Cov

(
aP

jt − aP
jt−1, aP

jt−1 − aP
jt−2

)
− σ2

aT

=Cov
(

aP
jt, aP

jt−1

)
− Var

(
aP
)
− Cov

(
aP

jt, aP
jt−2

)
+ Cov

(
aP

jt−1, aP
jt−2

)
− σ2

aT

where the first equality uses the fact ζa is independent of the persistent values, the
second equality write out the variance, the third equality expand the terms. Now we
inspect the terms one by one. Using the sequential form we derived:

We now unpack the terms

Cov
(

aP
jt, aP

jt−1

)
= Cov

(
aP

jt−1, aP
jt−2

)
= ρaaVar(aP) = ρaaVar(a)

Cov
(

aP
jt, aP

jt−2

)
= ρ2

aaVar(aP
jt−2) = ρ2

aaVar(a)

Plugging these values we have

Σa
1 = −1 − ρa

1 + ρa
σ2

aP − σ2
aT

Now we move on the k ≥ 2

Σa
k =Cov

(
aP

jt − aP
jt−1 + ζa

jt − ζa
jt−1, aP

jt−k − aP
jt−k−1 + ζa

jt−k − ζa
jt−k−1

)
=Cov

(
aP

jt − aP
jt−1, aP

jt−k − aP
jt−k−1

)
=ρk

aaVar
(

aP
)
− ρk−1

aa Var
(

aP
)
− ρk+1

aa Var
(

aP
)
+ ρk

aaVar
(

aP
)

=− ρk−1
aa

1 − ρaa

1 + ρaa
σ2

aP

This gives us the general formula
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Σa
k =


2

1+ρa
σ2

aP + 2σ2
aT k = 0

−1−ρa
1+ρa

σ2
aP − σ2

aT k = 1

−ρk−1
aa

1−ρaa
1+ρaa

σ2
aP k > 1

Demand Similarly, we start by imposing stationarity:

(
1 − ρ2

bb

)
Var

(
bP
)
= ρ2

baVar
(

aP
)
+ ρabρabCov

(
aP, bP

)
+ σ2

aP

Cov(a, bP) = ρaaρbaVar(aP) + ρaaρbbCov(aP, bP)

With Var(a) known from earlier steps. These two equations pin down Var (b) and
Cov(a, b). From here on, we treat the two values as known.

k = 0

Σb
0 = Var

(
bP

jt − bP
jt−1 + ζb

jt − ζb
jt−1

)
(independence of ζb) = Var

(
bP

jt − bP
jt−1

)
+ Var

(
ζb

jt − ζb
jt−1

)
(expand terms) = Var

(
ρbaaP

jt−1 + (ρbb − 1)bP
jt−1 + νb

jt

)
+ 2σ2

bT

(expand terms) = ρ2
baVar(aP) + (1 − ρbb)

2Var
(

bP
)
+ σ2

bP − 2ρba(1 − ρbb)Cov(aP, bP) + 2σ2
aT

For higher order terms, it is convenient to find a sequential form for bP
jt. Using the

definition, for any k ≥ 1, we can write:
where the error terms are independent of the values from t − k.
k = 1

Σb
1 =Cov

(
bP

jt − bP
jt−1 + ζb

jt − ζb
jt−1, bP

jt−1 − bP
jt−2 + ζb

jt−1 − ζb
jt−2

)
(independence of ζb) =Cov

(
bP

jt − bP
jt−1, bP

jt−1 − bP
jt−2

)
− σ2

T

(expand terms) =Cov
(

bP
jt, bP

jt−1

)
− Var

(
bP

jt−1

)
− Cov

(
bP

jt, bP
jt−2

)
+ Cov

(
bP

jt−1, bP
jt−2

)
− σ2

T

Now we can use the sequential form.
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Cov
(

bP
jt, bP

jt−1

)
= Cov

(
bP

jt−1, bP
jt−2

)
= Cov

(
ρbbbP

jt−1 + R1aP
jt−1 + error, bP

jt−1

)
= R1Cov

(
aP, bP

)
+ ρbbVar

(
bP
)

Cov
(

bP
jt, bP

jt−2

)
= Cov

(
ρ2

bbbP
jt−2 + R2aP

jt−2 + error, bP
jt−2

)
= R2Cov

(
aP, bP

)
+ ρ2

bbVar
(

bP
)

Plugging in

Σb
1 = − (1 − ρbb)

2 Var
(

bP
)
+ (2R1 − R2)Cov

(
aP, bP

)
− σ2

T

k > 1

Σb
k =Cov

(
bP

jt − bP
jt−1 + ζb

jt − ζb
jt−1, bP

jt−k − bP
jt−k−1 + ζb

jt−k − ζb
jt−k−1

)
(independence of ζb) =Cov

(
bP

jt − bP
jt−1, bP

jt−k − bP
jt−k−1

)
=Cov

(
bP

jt, bP
jt−k

)
− Cov

(
bP

jt−1, bP
jt−k

)
− Cov

(
bP

jt, bP
jt−k−1

)
+ Cov

(
bP

jt−1, bP
jt−k−1

)
=
(

2ρk
bb − ρk−1

bb − ρk+1
bb

)
Var

(
bP
)
+ (2Rk − Rk−1 − Rk+1)Cov(a, b)

=− ρk−1
bb (1 − ρbb)

2 Var(bP) + (2Rk − Rk−1 − Rk+1)Cov(a, b)

This gives us the general formula

Σb
k =


ρ2

baVar(a) + (1 − ρbb)
2Var(b) + σ2

bP − 2ρba(1 − ρbb)Cov(a, b) + 2σ2
aT k = 0

− (1 − ρbb)
2 Var

(
bP)+ (2R1 − R2)Cov

(
aP, bP)− σ2

T k = 1

−ρk−1
bb (1 − ρbb)

2 Var(bP) + (2Rk − Rk−1 − Rk+1)Cov(a, b) k > 1

C.2 First Stage: Arellano-Bond Estimation

We first estimate the autoregressive parameters (ρaa, ρba, ρbb) using the Arellano-Bond
GMM estimator. The key insight of this approach is using lagged levels as instruments
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for first differences to address the correlation between fixed effects and regressors.

C.2.1 Productivity Persistence

For productivity, we estimate:

∆ajt = ρaa∆ajt−1 + ∆ϵjt

where ∆ϵjt = ∆νa
jt + ∆ζa

jt. The moment conditions are:

E[ajt−s∆ϵjt] = 0 for s ≥ 2

C.2.2 Brand Capital Dynamics

For customer capital, we estimate:

∆bjt = ρba∆ajt−1 + ρbb∆bjt−1 + ∆ηjt

where ∆ηjt = ∆νb
jt + ∆ζb

jt. The moment conditions are:

E[xjt−s∆ηjt] = 0 for x ∈ {a, b}, s ≥ 2

C.2.3 Implementation and Results

We implement the estimator using firms with at least 4 consecutive years of data. The
baseline specification uses up to 4 lags as instruments and a two-step efficient GMM
estimator with Windmeijer-corrected standard errors.

Our estimates are:

ρ̂aa = 0.73 (0.04)

ρ̂ba = 0.24 (0.05)

ρ̂bb = 1.02 (0.01)

Standard errors in parentheses. Specification tests support the validity of our instru-
ments:

• Hansen J-test fails to reject overidentifying restrictions (p = 0.42)

• AR(2) test finds no evidence of second-order serial correlation in residuals (p =
0.38)
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The high estimate of ρbb suggests customer capital is highly persistent, while the
positive ρba indicates productivity improvements help build customer capital. These
first-stage estimates are treated as known in the second stage of estimation. Before
turning to the second stage, we discuss identification concerns.

Identification Concerns. Our estimation strategy faces several potential threats to iden-
tification that we consider here. We organize these challenges into four main categories
and detail our approaches to addressing each concern.
A. Reverse Causality. The primary identification concern is potential feedback from cus-
tomer capital to productivity. While our baseline specification assumes productivity
evolves independently, firms might adjust their production processes in response to
brand-related shocks. We address this by estimating an expanded system that allows
for bidirectional effects:

Baseline: ajt = ρaaajt−1 + ζ j + νajt (A4)

Alternative: ajt = ρaaajt−1 + ρabbjt−1 + ζ j + νajt (A5)

Through vector autoregression estimation and systematic Granger causality testing, we
examine the timing and direction of relationships between productivity and customer
capital innovations. The results, detailed in Section 4.2, suggest limited evidence of re-
verse causality affecting our main estimates.
B. Unobserved Heterogeneity. A second concern is that time-varying shocks might simulta-
neously affect both productivity and customer capital, violating our moment conditions.
For example, quality improvements could drive both measures. We implement an in-
strumental variables approach that leverages industry-level variation:

First Stage: ∆ajt = π1Zjt + ηjt (A6)

Second Stage: ∆bjt = ρba∆âjt − 1 + ρbb∆bjt−1 + ϵjt (A7)

where Zjt includes industry-level shifters of productivity that are plausibly exogenous
to firm-specific customer capital. We further examine heterogeneity across market struc-
tures to validate our identification strategy.
C. Validity of Lag Instruments. The Arellano-Bond approach relies crucially on the valid-
ity of lagged levels as instruments. We conduct extensive specification testing through
Hansen tests of overidentifying restrictions and serial correlation tests in first-differenced
errors. Additionally, we examine sensitivity to instrument set construction by varying
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lag depth and implementing collapsed instrument matrices. These robustness checks
support the validity of our identification strategy.
D. Non-linear Dynamics. Our linear AR(1) specification may miss important non-linearities
in the evolution of productivity and customer capital. We estimate an expanded specifi-
cation allowing for state-dependent parameters:

∆bjt = ρba(ϕ(sjt−1))∆ajt−1 + ρbb(ϕ(sjt−1))∆bjt−1 + ∆νbjt (A8)

where ϕ(sjt−1) is a flexible function of firm market share. We complement this analysis
with threshold regression models and non-parametric tests for non-linear dependence.
The results suggest our baseline linear specification captures the first-order dynamics
while missing limited higher-order effects.

C.3 Second Stage: GMM Moment Matching

Given these first-stage estimates, we recover the variance parameters (σ2
aT, σ2

bT, σ2
aP, σ2

bP)

by matching theoretical and empirical autocovariance functions.

C.3.1 Autocovariance Functions

We denote the autocovariance of first differences as:

Σx
k = Cov(xjt − xjt−1, xjt−k − xjt−k−1), x = a, b

The theoretical autocovariance functions are:
For productivity (k ≥ 0):

Σa
k =


2

1+ρa
σ2

aP + 2σ2
aT k = 0

−1−ρa
1+ρa

σ2
aP − σ2

aT k = 1

−ρk−1
aa

1−ρaa
1+ρaa

σ2
aP k > 1

For customer capital (k ≥ 0):

Σb
k =


ρ2

baVar(a) + (1 − ρbb)
2Var(b) + σ2

bP − 2ρba(1 − ρbb)Cov(a, b) + 2σ2
bT k = 0

−(1 − ρbb)
2Var(bP) + (2R1 − R2)Cov(aP, bP)− σ2

bT k = 1

−ρk−1
bb (1 − ρbb)

2Var(bP) + (2Rk − Rk−1 − Rk+1)Cov(a, b) k > 1

A17



Concentration and Productivity: The Role of Demand

where Rk captures cross-persistence effects:

Rk =
k−1

∑
l=0

ρl
bbρbaρk−l−1

aa

C.3.2 Implementation Details

Key numerical considerations:

• Near unit root in customer capital (ρbb ≈ 1) requires careful handling of variance
terms

• Regularization in matrix inversions:

A =

[
1 − ρ2

bb + 1e − 6 −ρba

−ρaaρba 1 − ρaaρbb

]

• Treatment of initial conditions

C.3.3 Results

Our second-stage estimates are:

σaP = 0.5534 (Productivity innovation std)

σaT = 0.3348 (Transitory productivity shock std)

σbP = 2.1619 (Customer capital innovation std)

σbT = 0.0034 (Transitory brand shock std)

The estimates reveal three main messages. Customer capital innovations have larger
variance than productivity innovations. Productivity has significant transitory compo-
nents while customer capital is primarily persistent. The model fits productivity auto-
covariance well but shows some deviation in customer capital autocovariance at longer
lags.

C.4 Identification Discussion

The separate identification of variance components comes from a few forces. First, tran-
sitory shocks (σ2

aT, σ2
bT) primarily identified by k = 1 autocovariances. Second, persis-

tent shock variances (σ2
aP, σ2

bP) identified by decay rates at higher lags. Third, cross-
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persistence ρba helps identify relative contribution of productivity versus customer cap-
ital shocks.

C.5 Different Selection Criteria

For our main results, we use all firms and do not condition on a balanced panel. Quali-
tatively, we find very similar results when we

Table C1: Persistence Parameters by Firm Size and Time Period

Size Year ρaa ρba ρbb
1/102 0 0.641 0.186 0.841
1/102 7 0.671 0.164 0.853
1/102 13 0.569 0.194 0.853

1/103 0 0.577 0.397 1.043
1/103 7 0.616 0.384 1.025
1/103 13 0.776 0.244 0.955

1/104 0 0.735 0.249 1.056
1/104 7 0.749 0.285 1.037
1/104 13 0.813 0.161 0.966

1/105 0 0.733 0.248 1.039
1/105 7 0.755 0.292 1.034
1/105 13 0.819 0.143 0.945

1/106 0 0.732 0.241 1.021
1/106 7 0.745 0.292 1.022
1/106 13 0.803 0.157 0.932

Notes: ρaa represents productivity persistence, ρba represents the effect of lagged productivity
on demand, and ρbb represents demand persistence. Size indicates minimum average firm size,
and Year indicates minimum number of years a firm must be present in the sample (13 years is

a balanced panel).

MORE ON AB:
To address the incidental parameters problem arising from firm fixed effects and the

dynamic structure, we employ first differences:

∆ajt = ρaa∆ajt−1 + ∆νajt (A9)

∆bjt = ρba∆ajt−1 + ρbb∆bjt−1 + ∆νbjt (A10)

The first-differenced specification eliminates the firm fixed effects but introduces corre-
lation between ∆ajt−1 and ∆νajt through the shared νajt−1 term. Following Arellano and
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Bond (1991), we construct moment conditions using lagged levels as instruments:

E[ajt−s∆νajt] = 0 for s ≥ 2 (A11)

E[bjt−s∆νbjt] = 0 for s ≥ 2 (A12)

These moment conditions exploit the assumption that productivity and customer capital
levels from t− 2 and earlier are uncorrelated with the differenced errors. We estimate the
system using two-step GMM with optimal weighting matrix and windmeijer-corrected
standard errors to account for potential finite-sample bias. The validity of our estimation
approach relies on two key assumptions. First, sequential exogeneity, as follows,

E[νajt|aj1, ..., ajt−1, ζ j] = 0 (A13)

E[νbjt|bj1, ..., bjt−1, aj1, ..., ajt−1, ξ j] = 0, (A14)

and no serial correlation in the error terms:

E[νajtνajt−s] = 0 for s ≥ 1 (A15)

E[νbjtνbjt−s] = 0 for s ≥ 1. (A16)

We test these assumptions using the Arellano-Bond test for serial correlation in the first-
differenced errors and the Hansen test of overidentifying restrictions.

C.6 Local Projections for Correlations

In this analysis, we examine the relationship between customer capital (b) and cost pro-
ductivity (a) using local projections. Local projections provide a flexible approach to
estimating impulse response functions without imposing the dynamic restrictions inher-
ent in vector autoregressions.

We estimate the following regression for each horizon h:

bi,t+h = βh
0 + βh

1ai,t + βh
2bi,t−1 + βh

3ai,t−1 + βh
4bi,t−2 + βh

5ai,t−2 + εh
i,t

where bi,t represents customer capital and ai,t represents cost productivity for firm i
at time t. The regression is weighted by the firm’s share of the product group (pg_share).

After estimating these local projections, we construct predicted values of customer
capital based on the estimated coefficients:
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b̂i,t+h =

β̂h
1ai,t if t = 0

β̂h
1ai,t + β̂h

2b̂i,t+h−1 if t > 0

The correlation between the predicted customer capital (b̂i,t+1) and the realized future
cost productivity (ai,t+1) is 0.71, indicating a strong positive relationship between the
predicted values of customer capital and future cost productivity. This framework allows
us to purge the contemporaneous negatively correlated shocks between the two to focus
on the dynamics of their relationship consistent with the model.
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