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A B S T R A C T

While firms use both innovation and advertising to boost profits, markups, and market shares,
their broader social implications vary substantially. We study their interaction and analyze
their implications for competition, industry dynamics, growth, and welfare. We develop an
oligopolistic general-equilibrium growth model with firm heterogeneity. Market structure is
endogenous, and firms’ production, innovation, and advertising decisions interact strategically.
We find advertising reduces static misallocation, but also depresses growth through a substi-
tution effect with R&D. Although advertising is found to be socially useful, taxing it could
simultaneously increase dynamic efficiency, contain excessive advertising spending, and raise
revenue, while still reducing misallocation.

1. Introduction

Firms compete against each other in a variety of ways to increase profits and in pursuit of a dominant position in their industry.
A well-known tool at the firms’ disposal is innovation. Firms spend resources on research and development (R&D) to develop new
products or more efficient technologies, thereby expanding into new product markets or raising productivity to cut costs and increase
sales relative to their competitors. Advertising is the other most prominent intangible investment through which firms can achieve
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the same desired outcomes, by shifting demand toward their products and away from those of their rivals. In fact, as a society, we
spend as much on developing new products and technologies (‘‘substance’’) as on marketing them (‘‘style’’).1

Since both activities pursue similar goals, firms’ decisions to innovate and to advertise inexorably interact — within the firm
tself, as well as across all the firms in the same industry. Yet, the aggregate consequences of these two investments are dramatically
ifferent: while innovation is recognized as an essential engine of economic growth, advertising does not directly contribute to
ong-run productivity. Moreover, under intense competition, a ‘‘rat race’’ in advertising can lead to socially excessive spending.

In this paper, we explore and quantify the aggregate welfare consequences of advertising when both innovation and advertising
re used strategically by firms to compete with one another. To do so, we build a model of firm and industry dynamics which can
lucidate the role of innovation and advertising for market concentration, markups, and productivity growth, offering a realistic
epresentation of how these two intangible investments interact and relate to competition at both the micro and the aggregate levels.
ur key finding is that advertising plays an allocative role which is critical for welfare, both statically and dynamically. Dynamically,
e find it to be a substitute to innovation, reducing productivity growth. Statically, advertising helps reallocate resources toward

he most productive firms, which generates welfare gains from reduced misallocation of physical inputs. In net, these static gains
re sufficiently large to quantitatively outweigh the dynamic welfare losses. There is room for policy intervention in the form of
dvertising taxes, which we investigate.

We start our analysis by exploring the micro-data. Using balance-sheet information for publicly listed companies in the
nited States, we uncover two robust empirical regularities. First, there exists a non-monotonic relationship between innovation,
dvertising, and market share at the firm level. In particular, and new to the literature, we document a hump-shaped relationship
etween the level of advertising and a firm’s relative sales within its industry: advertising spending is on average highest for firms
hat are neither too large nor too small within their industry. Second, a firm’s market share is positively associated with its own
dvertising, but negatively associated with the advertising efforts of its competitors, hinting at a strategic component in advertising.

Motivated by these facts, we build a new endogenous growth model, which, unlike previous models in the literature, can replicate
he aforementioned empirical regularities. In this model, firms oligopolistically compete by making production, innovation, and
dvertising decisions. Advertising can be used by firms to shift demand towards their products, and thereby boost their market shares
nd markups, which in turn indirectly affects incentives to innovate. We model the economy as a continuum of industries, each
opulated by endogenously determined numbers of small and large firms. Large (so-called ‘‘superstar’’) firms behave strategically,
ware of the effects of their production, advertising, and innovation decisions on other firms in their industry. Small (so-called
‘fringe’’) firms, by contrast, are infinitesimally small, charge zero markups, and make no advertising decisions, but can innovate to
ome up with a breakthrough innovation and join the group of large firms.

R&D and advertising are modeled as intangible expenditures which can improve a firm’s market share through different channels.
&D is modeled following the tradition of the step-by-step innovation literature, in which successful innovation improves the

irm’s productivity. We model advertising as a demand shifter, and akin to a zero-sum game: advertising expenditures increase
he perceived quality of the firm’s product, making it more appealing to consumers, but also lower the perceived quality of all the
ompetitors’ products.2 Large firms, which are heterogeneous in productivity, choose advertising optimally to maximize static profits,
aking into account the effects of their choices on their own market share. In equilibrium, the differential use of advertising across
irms can magnify productivity differences and have quantitatively significant implications for within-industry markup dispersion
nd, as a consequence, allocative efficiency. Moreover, because in equilibrium firms are heterogeneous in their use of advertising,
here is a dynamic interplay between advertising and R&D decisions, which, at the aggregate level, has an impact on the rate of
conomic growth, business dynamism, and social welfare.

To quantify these various channels, we calibrate the parameters of the model to fit key macroeconomic aggregates from the
nited States, as well as empirical patterns relating to advertising and innovation at the micro level, specifically the non-monotonic

elationships between innovation, advertising, and market share that we document in our empirical analysis. Our calibrated model
atches these targeted moments well. It also delivers predictions that are in line with some other relevant (and untargeted)

eatures of the data, such as industry concentration ratios, firm-level correlations between advertising, R&D, and markups, and
he relationship between a firm’s market share, its own advertising, and the advertising efforts of its competitors.

Using the calibrated model, we run a series of counterfactual exercises to disentangle the growth and welfare effects of advertising
hrough its interplay with R&D, markups, and market structure. We start by comparing the calibrated baseline economy with

counterfactual economy where advertising is shut down completely (e.g., it is prohibitively expensive for firms). This simple
xperiment reveals the main effects of advertising in our economy. First, shutting down advertising increases firm-level investment
n R&D, by both large and small firms, which increases aggregate innovation as well as the rate of economic growth.3 Second,
hutting down advertising affects markups and allocative efficiency through changes in the competitive structure of industries. The
ffects along this margin are theoretically ambiguous. On the one hand, markups decrease on average as large firms cease to use
dvertising as a tool to shift demand and profits toward their products. This spurs firm entry and boosts business dynamism. On the

1 Since 1980, R&D accounts for 2.44% of GDP in the US, whereas advertising alone represents 2.20%. The figures for advertising do not include in-house
irm expenses related to sales, which would increase the fraction of resources devoted to marketing further (found to be around 7–8% by Arkolakis (2010)).

2 In a model extension in Section 6, we relax this assumption by varying the degree of combativeness in advertising. A re-calibration of this more general
odel suggests that the degree of combativeness is very close to what we assume in the baseline model.
3 Thus, advertising and R&D are substitutes in our calibrated economy, consistent with the empirical findings in Cavenaile and Roldan-Blanco (2021). Under

ifferent parameter values, however, advertising and R&D could be complements rather than substitutes. Therefore, our substitution result is a quantitative

inding rather than a theoretical implication of the framework.
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other hand, advertising improves allocative efficiency. While increasing markups, advertising reallocates physical inputs away from
the less efficient firms and towards the more efficient industry leaders, simultaneously amplifying the relative perceived quality of
the more abundant and cheaper-to-produce varieties. While markups themselves lower efficiency, the latter two effects quantitatively
dominate. In net, advertising substantially improves static allocative efficiency.4

Though desirable statically through its reallocation properties, advertising is also diverting resources away from innovation,
eading to dynamic welfare losses through depressed economic growth. What is the net welfare effect? To answer this question, we
nalytically decompose the change in consumption-equivalent welfare between balanced growth path equilibria.5 We find substantial
uantitative differences between static and dynamic welfare changes. Statically (i.e., without adjustments in the industry state
istribution), shutting down advertising results in a welfare loss of 3.64% in consumption-equivalent terms, mostly coming from the
forementioned losses in allocative efficiency. Taking dynamic aspects into consideration undoes some of these losses in the long run,
s shutting down advertising also changes the distribution over industry states and increases the rate of economic growth through
he substitution effect between R&D and advertising. Yet, on the net, the static reallocation forces prevail: shutting down advertising
esults in a welfare loss, albeit a small one (0.86%), despite the potentially wasteful (zero-sum game) nature of advertising in our
aseline model. In a series of extensions, we find that the net positive role of advertising for welfare is in fact a robust feature of
ur quantitative model.6

In light of these results, we consider the implications for policy intervention. Although we conclude that shutting down
dvertising would reduce welfare, we find that advertising should be taxed, rather than subsidized. How does one reconcile the
wo findings? Higher taxes on advertising expenses discourage firms from investing resources in advertising, resulting in both direct
ains in the consumption-to-output ratio, and indirect gains from improved incentives for innovation and growth. However, the
axes do not cause as large a drop in static allocative efficiency as a complete shutdown would: while the overall spending on
dvertising declines, more productive superstars still continue to spend more on advertising than less productive ones. Therefore,
he positive effects of advertising in reducing static misallocation are still present, even under high tax rates. In other words,
n advertising tax reduces the excessive spending on advertising due to the ‘‘rat race’’ between the superstars, while still largely
reserving the distribution of market shares in equilibrium. This makes advertising an ideal candidate for taxation to raise revenues
hile simultaneously increasing dynamic efficiency. Considering (i) advertising goes untaxed in most countries with few exceptions,

ii) the disproportionate market share of tech giants such as Google and Meta in digital advertising, and (iii) the recent proposals
y policymakers to change this status quo, by how much we should tax advertising is a timely and significant question, which we
ry to address.7

iterature review. Our paper is primarily related to the literature that studies the implications of intangible investments, in the form
f advertising and customer capital, for firm, industry, and macroeconomic dynamics (e.g., Dinlersoz and Yorukoglu (2012), Gourio
nd Rudanko (2014), Molinari and Turino (2017), Crouzet and Eberly (2019), Argente et al. (2023), Einav et al. (2022), Ignaszak and
edláček (2022), Pearce and Wu (2022), Dinlersoz et al. (2023), Cavenaile et al. (2023), and Greenwood et al. (2024)). The literature
as investigated, for instance, how intangibles may be behind several trends related to business dynamism, market concentration,
nd markups (e.g., Cavenaile et al. (2019), Weiss (2020), Feijoo Moreira (2021), Aghion et al. (2023), and De Ridder (2024), or
ow they may affect markup cyclicality (e.g., Roldan-Blanco and Gilbukh (2021)), the transmission channels of monetary policy
e.g., Morlacco and Zeke (2021)), and the behavior of exporters and international prices (e.g., Drozd and Nosal (2012) and Fitzgerald
t al. (2023)).

In this literature, our model is most closely related to recent macroeconomic models with advertising such as Afrouzi et al.
2023), Cavenaile and Roldan-Blanco (2021), Rachel (2022), Baslandze et al. (2023), Cavenaile et al. (2023), Klein and Şener
2023), and Greenwood et al. (2024). Our paper contributes to this body of work by modeling advertising decisions at the firm level
s directly affecting market shares and markups, as suggested by our empirical findings. Unlike previous papers in this literature,
ur framework, which builds on Cavenaile et al. (2019), allows us to study how the interaction between R&D and advertising affects
arket concentration and markups, and through this channel it highlights a new reallocative role for advertising that turns out to

e quantitatively essential for the welfare effects of advertising.
Our paper also contributes to a long tradition of modeling advertising in economics and finance (e.g., Dorfman and Steiner

1954), Butters (1977), Becker and Murphy (1993), Benhabib and Bisin (2002)).8 In the literature, advertising is commonly modeled
s a demand shifter. Following this tradition, we model advertising as a technology that shifts consumer preferences for certain goods

4 We should highlight that, although advertising improves static allocative efficiency on the net, this does not mean that individual firms do not over- or
nder-advertise. The solution to the static social planner’s problem in Section E.2 shows that, generically, firms pick socially sub-optimal advertising rates.

5 While our welfare change results are necessarily normative, all our findings regarding innovation, growth, business dynamism, and input misallocation,
mong other things, are positive results that do not hinge on how advertising is treated in welfare calculations. In Section 6, we consider two alternatives for
ormative implications.

6 Our two main model extensions change the effect of advertising on consumer preferences. In one extension, we assume that advertising is partly deceptive,
n that it does not increase consumer utility ex-post in a way that is consistent with consumers’ ex-ante demands. In the other, we vary the degree of advertising
ombativeness, i.e., of the negative impact of a firm’s advertising efforts on the perceived quality of other firms’ products. In all of our quantitative experiments,
dvertising is still found to be socially desirable.

7 Recently, the state of Maryland has sought to tax digital advertising revenues, but it was struck down by a Circuit Court. Several US states and Canada are
lso considering imposing similar taxes, but only on digital advertising. Nevertheless, digital advertising constitutes more than 64% of all advertising in North
merica as of 2021, which is projected to increase further.

8 Bagwell (2007) provides a comprehensive survey of this literature.
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Fig. 1. Innovation, R&D spending, advertising, and firm relative sales.
Notes: From left to right, this figure displays the relationship between the raw values of average patent citations, log R&D expenses, and log advertising expenses,
and firm relative sales. We divide the relative sales into 200 quantiles and calculate the average values for each quantile. The blue curve is a quadratic fit. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

to the detriment of competitors’ products, which in equilibrium means that firms can use advertising to shift demand toward their
own goods. To draw this connection between firm-level advertising and market structure, we rely on observations from the literature
relating market concentration to intangible investments.9

2. Empirical facts

In this section, we document the firm-level relationships between innovation, advertising, and market share for large firms in
the United States. To do so, we obtain financial statement data on public firms from Compustat, and link them to patent micro-data
from the US Patent and Trademark Office (USPTO). These relationships motivate our theoretical framework which, unlike earlier
papers in the literature, can both generate and quantitatively match the new stylized facts that we uncover in this section. For
brevity, we relegate the details on data sets and variable construction to Appendix A.

Theoretically, the relationship between competition and innovation is ambiguous. Intense competition from peers can encourage
a firm to innovate to escape competition, which would imply a positive relationship. At the same time, competition pushes down
profitability, which discourages innovation — the so-called Schumpeterian effect. Similar forces are at work when one considers
the relationship between competition and advertising: competition from peers can trigger a rat race in advertising. But at the same
time, if profitability is low, returns to advertising are likewise lower.

Our empirical analysis reveals that both relationships are non-monotonic in the data. As a first pass, we plot the raw relationships
in Fig. 1. The left panel demonstrates an inverted-U relationship between a firm’s innovation (as captured by the average citations
of the patents it applies for in a given year) and the firm’s sales relative to all other US listed firms in its 4-digit SIC industry. The
middle and right panels are similar figures for log R&D spending and log advertising, respectively.

For a more rigorous assessment, we run the regressions

𝐴𝑣𝑔𝐶𝑖𝑡𝑒𝑖𝑗𝑡 = const. + 𝛽𝑖𝑛𝑛1 𝜎𝑖𝑗𝑡 + 𝛽𝑖𝑛𝑛2 𝜎2𝑖𝑗𝑡 +𝑿′
𝑖𝑗𝑡𝜸

𝑖𝑛𝑛 + 𝛼𝑗 + 𝛼𝑡 + 𝑢𝑖𝑗𝑡 (1a)

𝐿𝑜𝑔𝐴𝑑𝑣𝐸𝑥𝑝𝑖𝑗𝑡 = const. + 𝛽𝑎𝑑𝑣1 𝜎𝑖𝑗𝑡 + 𝛽𝑎𝑑𝑣2 𝜎2𝑖𝑗𝑡 +𝑿′
𝑖𝑗𝑡𝜸

𝑎𝑑𝑣 + 𝛼𝑗 + 𝛼𝑡 + 𝑢𝑖𝑗𝑡 (1b)

for firm 𝑖 in 4-digit SIC industry 𝑗 and year 𝑡, where the outcome variables are either average citations (our baseline measure of
innovation) or log advertising expenditures (constructed using the xad variable in Compustat).10 On the right-hand side, 𝜎𝑖𝑗𝑡 denotes
firm 𝑖’s relative sales within its industry, 𝜎2𝑖𝑗𝑡 is market share squared, (𝛼𝑗 , 𝛼𝑡) are industry and year fixed effects, and 𝑿𝑖𝑗𝑡 is a set
of firm-level controls, including profitability, leverage, market-to-book ratio, log R&D stock, firm age, the coefficient of variation of
the firm’s stock price, and the number of firms in the industry.11 For every one of our specifications, we normalize the dependent
variables by subtracting their means and dividing by their standard deviation. The regression results are reported in Table A.1. As

9 The features of our model link our paper to the broader macroeconomics literature on competition and markups (see e.g., Covarrubias et al. (2020), Gutiérrez
et al. (2021)).

10 The results for regression (1a) are robust to alternative innovation measures such as patent count, patent quality, tail innovations, originality, generality,
R&D expenses, as well as investments that are potentially correlated with innovation (physical capital investment) and direct measures of firm growth (sales
growth, employment growth, asset growth). The results for regression (1b) are robust to using the logarithm of Selling, General, and Administrative Expenses
(SG&A) as a proxy for advertising.

11 To alleviate concerns regarding the effects of a persistent customer base accumulation on this relationship, in addition to adding firm age as a control,
we also create a persistent demand stock variable following Fitzgerald et al. (2023), and add it as an additional linear control. Our results are robust to its
inclusion, which is shown in Table F.3 in the Online Appendix.
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can be seen, the coefficients of the linear terms are positive, and those of the square terms are negative, indicating an inverted-U
relationship once again.12

Finally, we are also interested in how the relative sales of a firm are associated with the firm’s own advertising efforts versus
hose of its competitors. Table A.2 reports results for the regression:

𝜎𝑖𝑗𝑡 = const. + 𝛽3 𝐿𝑜𝑔𝐴𝑑𝑣𝐸𝑥𝑝𝑖𝑗𝑡 + 𝛽4 𝑂𝑡ℎ𝑒𝑟𝑠𝐿𝑜𝑔𝐴𝑑𝑣𝑖𝑗𝑡 +𝑿′
𝑖𝑗𝑡𝜹 + 𝛼𝑗 + 𝛼𝑡 + 𝜀𝑖𝑗𝑡 (2)

here 𝑂𝑡ℎ𝑒𝑟𝑠𝐿𝑜𝑔𝐴𝑑𝑣𝑖𝑗𝑡 is a measure of the total advertising spending in the industry, excluding firm 𝑖. The first column of Table
.2 reports results when 𝑂𝑡ℎ𝑒𝑟𝑠𝐿𝑜𝑔𝐴𝑑𝑣𝑖𝑗𝑡 is computed as aggregate advertising expenditures by other firms in the same industry.
he second column does the same using the average advertising of the competitors instead of the sum. We use the same controls
nd the same normalization for advertising variables as in Table A.1. Both measures of competitor advertising convey the same
icture: a firm’s own advertising is positively correlated with its relative sales, whereas that of competitors is negatively correlated.
he coefficients are roughly comparable in magnitude.

Inspired by these findings, in the next section we develop an oligopolistic general-equilibrium growth model with firm
eterogeneity in which innovation and advertising decisions strategically interact.

. Model

.1. Environment

references. Time is continuous, and indexed by 𝑡 ∈ R+. The economy is populated by an infinitely-lived representative consumer
ho maximizes lifetime utility:

𝑊 = ∫

+∞

0
𝑒−𝜌𝑡 ln(𝐶𝑡) 𝑑𝑡 (3)

here 𝜌 > 0 is the time discount rate, and 𝐶𝑡 is consumption of final good at time 𝑡. The price of the final good is normalized to
ne. The household is endowed with one unit of time every instant, supplied inelastically to the producers in the economy in return
or a wage 𝑤𝑡, which clears the labor market. The household owns all the firms in the economy and carries a stock of wealth 𝑡
ach period, equal to the total value of corporate assets. The budget constraint satisfies ̇𝑡 = 𝑟𝑡𝑡 +𝑤𝑡 − 𝐶𝑡, where 𝑟𝑡 is the rate of
eturn on assets.

inal good production. The final good 𝑌𝑡 is produced by a competitive representative firm using inputs from a measure one of
industries, with technology:

𝑌𝑡 = exp

(

∫

1

0
ln
(

𝑦𝑗𝑡
)

𝑑𝑗

)

(4)

where 𝑦𝑗𝑡 is production of industry 𝑗 at time 𝑡.

ndustry production. Each industry 𝑗 is populated by an endogenous number of superstar firms, 𝑁𝑗𝑡 ∈ {1,… , 𝑁̄}, each producing
a differentiated variety, as well as by a competitive fringe composed of an endogenous mass 𝑚𝑗𝑡 of small firms producing a
omogeneous good. Industry 𝑗’s output at time 𝑡 is given by:

𝑦𝑗𝑡 =

(

𝑦̃
𝛾−1
𝛾

𝑐𝑗𝑡 + 𝑦̃
𝛾−1
𝛾

𝑠𝑗𝑡

)
𝛾
𝛾−1

(5)

here 𝑦̃𝑐𝑗𝑡 denotes the output of the fringe, 𝑦̃𝑠𝑗𝑡 denotes the output of superstars, and 𝛾 > 1 is the elasticity of substitution between
he two. Fringe firms produce a homogeneous product, so 𝑦̃𝑐𝑗𝑡 = ∫𝐹𝑗𝑡 𝑦𝑐𝑘𝑗𝑡 𝑑𝑘, where 𝐹𝑗𝑡 is the endogenous set of small firms in the
ringe in industry 𝑗 at time 𝑡.13 Given that there is a continuum of small firms and their products are homogeneous, each small firm
n the competitive fringe is a price-taker.

By contrast, superstar firms behave strategically, competing in quantities in a static Cournot game, as in Atkeson and Burstein
2008). Total production by superstars of industry 𝑗 at time 𝑡 is given by:

𝑦̃𝑠𝑗𝑡 =
⎛

⎜

⎜

⎝

𝑁𝑗𝑡
∑

𝑖=1
𝜔̂𝑖𝑗𝑡𝑦

𝜂−1
𝜂

𝑖𝑗𝑡

⎞

⎟

⎟

⎠

𝜂
𝜂−1

(6)

12 To further establish the robustness of our results, we conduct the hypothesis test proposed in Lind and Mehlum (2010) for regressions in Table A.1, where
he null hypothesis is the lack of an inverted-U relationship. This involves testing whether or not the slope of the curve is positive at the start and negative at
he end of the interval of the variable of interest. Correspondingly, Table A.3 reports the 𝑡- and 𝑝-values at the lower and upper bounds of the interval of the
xplanatory variable. The null hypothesis is firmly rejected in both specifications. The inverted-U relationships that we have identified pass the formal test of
xistence, with 𝑝-values below 1% in both regressions.
13 The competitive fringe allows us to have a realistic firm size distribution in each industry. Industries in the US are populated by thousands of firms on
verage. While a handful of superstar firms account for a large fraction of the total industry sales, collectively, the remaining small firms also account for a

ignificant share even if their individual market shares are minuscule. Our calibrated model matches this (see Section 4.2).
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where 𝜂 > 1 is the elasticity of substitution between varieties, holding 𝜂 > 𝛾. Each variety has perceived quality 𝜔̂𝑖𝑗𝑡, defined by:

𝜔̂𝑖𝑗𝑡 =
1 + 𝜔𝑖𝑗𝑡

1
𝑁𝑗𝑡

∑𝑁𝑗𝑡
𝑘=1(1 + 𝜔𝑘𝑗𝑡)

(7)

In this expression, 𝜔𝑖𝑗𝑡 is a quality shifter which is affected by the superstar firm’s advertising decisions, as described below. The
erceived quality of a product, 𝜔̂𝑖𝑗𝑡, is the ratio of this quality shifter to the average shifter among the superstars within the industry.
ntuitively, we model advertising as a technology that allows firms to shift the perceived quality of their own product.14 Moreover,

all else equal, if a firm chooses to increase its advertising efforts, it will increase the perceived quality of its own product while
decreasing that of every other product in the same industry. In this sense, advertising is akin to a zero-sum game, in which a firm’s
advertising efforts are directly detrimental to other firms’ product qualities, so that if all superstars were to choose any identical 𝜔
level, then all varieties would have the same baseline perceived quality.15

Firms’ production technology. In each industry, superstar firms and small firms in the fringe produce their variety using a linear
roduction technology in labor: 𝑦𝑖𝑗𝑡 = 𝑞𝑖𝑗𝑡𝑙𝑖𝑗𝑡 and 𝑦𝑐𝑘𝑗𝑡 = 𝑞𝑐𝑗𝑡𝑙𝑐𝑘𝑗𝑡, respectively, where 𝑞𝑖𝑗𝑡 is the productivity of superstar firm 𝑖 in

industry 𝑗 at time 𝑡, and 𝑞𝑐𝑗𝑡 is the productivity of a fringe firm. Each small firm from the fringe is assumed to have the same
productivity within an industry. Superstar firms, by contrast, are heterogeneous in their productivity, which can be built over time
through innovation.

R&D and innovation. Each superstar can perform R&D to improve the productivity of its variety. To generate a Poisson rate 𝑧𝑖𝑗𝑡 of
uccess in R&D, firm 𝑖 must pay 𝑅𝑖𝑗𝑡 = 𝜒𝑧𝜙𝑖𝑗𝑡𝑌𝑡 units of the final good, where 𝜒 > 0 and 𝜙 > 1 are parameters. A successful innovator is
ble to advance its productivity by a factor (1+𝜆), where 𝜆 > 0. As we shall see shortly, industry-level outcomes in this model depend
n the relative levels of productivity between superstar firms, which can be summarized by an integer 𝑛𝑘𝑖𝑗𝑡 ∈ {−𝑛̄,−𝑛̄ + 1,… , 𝑛̄ − 1, 𝑛̄}

holding 𝑞𝑖𝑗𝑡∕𝑞𝑘𝑗𝑡 = (1 + 𝜆)𝑛
𝑘
𝑖𝑗𝑡 . In words, 𝑛𝑘𝑖𝑗𝑡 is the number of productivity steps by which firm 𝑖 in industry 𝑗 is ahead (if 𝑛𝑘𝑖𝑗𝑡 > 0),

behind (if 𝑛𝑘𝑖𝑗𝑡 < 0), or neck-to-neck (if 𝑛𝑘𝑖𝑗𝑡 = 0) with respect to firm 𝑘 ≠ 𝑖 at time 𝑡. The parameter 𝑛̄ ≥ 1 is the maximum number
of steps between any two superstar firms within an industry. For the competitive fringe, we assume that the relative productivity
of small firms with respect to the leader is a constant, denoted by the parameter 𝜁 = 𝑞𝑐𝑗𝑡

𝑞𝑙𝑒𝑎𝑑𝑒𝑟𝑗𝑡
, where 𝑞𝑙𝑒𝑎𝑑𝑒𝑟𝑗𝑡 ≡ max𝑘=1,…,𝑁𝑗𝑡{𝑞𝑘𝑗𝑡}.

dvertising. Each superstar firm can spend resources on advertising its product to affect perceived quality 𝜔̂𝑖𝑗𝑡. In order to achieve
quality shifter 𝜔𝑖𝑗𝑡, firm 𝑖 of industry 𝑗 must spend 𝐴𝑖𝑗𝑡 = 𝜒𝑎𝜔

𝜙𝑎
𝑖𝑗𝑡𝑌𝑡 units of the final good, where 𝜒𝑎 > 0 and 𝜙𝑎 > 1 are parameters.

Entry and exit of superstar firms. At any time 𝑡, each small firm 𝑘 in the competitive fringe can generate a Poisson arrival density
𝑋𝑘𝑗𝑡 and enter into the pool of superstar firms, as long as 𝑁𝑗𝑡 < 𝑁̄ for some 𝑁̄ set exogenously. The associated R&D cost, expressed
in units of the final good, is given by 𝑅𝑒𝑘𝑗𝑡 = 𝜈𝑋𝜖

𝑘𝑗𝑡𝑌𝑡, with 𝜈 > 0 and 𝜖 > 1. As small firms are all homogeneous within the same
industry, their level of innovation is identical in equilibrium. This allows us to write an industry-level Poisson rate of innovation as
𝑋𝑗𝑡 = ∫ 𝑋𝑘𝑗𝑡𝑑𝑘 = 𝑚𝑗𝑡𝑋𝑘𝑗𝑡. Similarly, the R&D expenditures of small firms at the industry level equal 𝑅𝑒𝑗𝑡 = 𝑚𝑗𝑡𝑅𝑒𝑘𝑗𝑡.

Upon successful entry (provided 𝑁𝑗𝑡 < 𝑁̄), the entrant is assumed to enter as the smallest superstar firm within the industry
and thus becomes a superstar firm with productivity level 𝑛̄ steps behind the leader. In this case, the number of superstar firms 𝑁𝑗𝑡
increases by one. On the other hand, a superstar firm endogenously loses its superstar status when it falls more than 𝑛̄ steps below
the industry leader. In that case, 𝑁𝑗𝑡 decreases by one.

Entry and exit of small firms. Finally, there is entry into, and exit out of, the competitive fringe. We assume an exogenous exit rate
of small firms equal to 𝜏 > 0. For entry, we assume that there is a measure one of entrepreneurs who pay 𝜓𝑒2𝑡 𝑌𝑡 units of the final
good to generate a Poisson rate 𝑒𝑡 of starting a new small firm, where 𝜓 > 0. New firms are randomly allocated to the competitive
fringe of an industry, implying 𝑚𝑗𝑡 = 𝑚𝑡 for all industries 𝑗 so long as 𝑚𝑗0 = 𝑚0. We further assume that successful entrepreneurs sell
their firm on a competitive market at its full value and remain in the set of entrepreneurs, which keeps the mass of entrepreneurs
unchanged.

3.2. Equilibrium

Household’s problem. Utility maximization delivers the Euler equation 𝐶̇𝑡
𝐶𝑡

= 𝑟𝑡 − 𝜌.

14 We should note that we model advertising as a static decision. The marketing literature typically assumes that advertising has a carry-over effect, i.e., current
dvertising affects future sales through an advertising stock of goodwill. However, this literature also shows that this effect is short-lived, and that it depreciates
ithin weeks, becoming virtually zero in a year. See among others Leone (1995), Dubé et al. (2005), Doganoglu and Klapper (2006), Danaher et al. (2008), Terui

t al. (2011), Shapiro et al. (2021), and Bagwell (2007) for an overview of the literature. Our model’s focus is on long-term effects rather than high-frequency
ariations shorter than a year. In addition, advertising through goodwill would still act as a demand shifter and lead to mechanisms similar to those obtained
n our current model. This is not to say that there are no mechanisms other than advertising that can generate persistence in the demand for a firm’s products
i.e., a persistent customer base). See, for instance, Gourio and Rudanko (2014), Afrouzi et al. (2023), Roldan-Blanco and Gilbukh (2021), or Ignaszak and
edláček (2022).
15 In Section 6, we relax this assumption and allow for advertising to be non-combative in an extended model, removing the zero-sum game property. All

ur main findings are robust to this change, although the exact magnitudes change.
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Final good producers. The final good is produced competitively. The representative final good producer chooses the quantity of
each variety in each industry to achieve a given level of output which minimizes total production costs. This leads to the following
demand functions for superstar and fringe firms, respectively16:

𝑦𝑖𝑗𝑡 = 𝜔̂𝜂𝑖𝑗𝑡

( 𝑝𝑖𝑗𝑡
𝑝̃𝑠𝑗𝑡

)−𝜂 ( 𝑝̃𝑠𝑗𝑡
𝑝𝑗𝑡

)−𝛾 𝑌𝑡
𝑝𝑗𝑡

(8a)

𝑦̃𝑐𝑗𝑡 =
( 𝑝̃𝑐𝑗𝑡
𝑝𝑗𝑡

)−𝛾 𝑌𝑡
𝑝𝑗𝑡

(8b)

here 𝑝𝑖𝑗𝑡 is the price of the variety produced by superstar 𝑖 in industry 𝑗 at time 𝑡, and 𝑝̃𝑐𝑗𝑡 is the price of the homogeneous product

f the competitive fringe of that industry. Additionally, we have defined 𝑝̃𝑠𝑗𝑡 ≡ [
∑𝑁𝑗𝑡
𝑖=1 𝜔̂

𝜂
𝑖𝑗𝑡𝑝

1−𝜂
𝑖𝑗𝑡 ]

1
1−𝜂 as the ideal price index among the

different varieties of the superstars, and 𝑝𝑗𝑡 ≡ [𝑝̃1−𝛾𝑠𝑗𝑡 + 𝑝̃1−𝛾𝑐𝑗𝑡 ]
1

1−𝛾 as the ideal price index of the industry. The relative output between
wo superstars 𝑖 and 𝑘 of the same industry is:

𝑦𝑖𝑗𝑡
𝑦𝑘𝑗𝑡

=
( 𝜔̂𝑘𝑗𝑡
𝜔̂𝑖𝑗𝑡

𝑝𝑖𝑗𝑡
𝑝𝑘𝑗𝑡

)−𝜂

(9)

his makes it apparent that firms can use advertising to shift demand towards their products and thereby increase profits at the
xpense of their direct competitors. The allocation of expenditure between superstars and small firms within the same industry is
etermined by the relative price index 𝑝̃𝑠𝑗𝑡

𝑝𝑗𝑡
, with price-elasticity 𝛾. In particular, the relative output between a superstar and the

industry’s fringe is:
𝑦𝑖𝑗𝑡
𝑦̃𝑐𝑗𝑡

= 𝜔̂𝜂𝑖𝑗𝑡

( 𝑝𝑖𝑗𝑡
𝑝̃𝑠𝑗𝑡

)−𝜂 ( 𝑝̃𝑠𝑗𝑡
𝑝̃𝑐𝑗𝑡

)−𝛾
(10)

Market shares and markups. Each superstar firm simultaneously chooses output (𝑦𝑖𝑗𝑡) and advertising (𝜔𝑖𝑗𝑡) to maximize profit:

max
𝑦𝑖𝑗𝑡 ,𝜔𝑖𝑗𝑡

{

𝑝𝑖𝑗𝑡𝑦𝑖𝑗𝑡 −𝑤𝑡𝑙𝑖𝑗𝑡 − 𝜒𝑎𝜔
𝜙𝑎
𝑖𝑗𝑡𝑌𝑡

}

(11)

ubject to Eqs. (8a)–(8b), and 𝑦𝑖𝑗𝑡 = 𝑞𝑖𝑗𝑡𝑙𝑖𝑗𝑡. As superstar firms within the same industry compete à la Cournot, they internalize how
their output choices affect the aggregate output within their industry. In equilibrium, each superstar firm 𝑖 sets a markup over the
marginal cost, so the price equals 𝑝𝑖𝑗𝑡 =𝑀𝑖𝑗𝑡

𝑤𝑡
𝑞𝑖𝑗𝑡

, and the equilibrium markup is given by:

𝑀𝑖𝑗𝑡 =
[(

𝜂 − 1
𝜂

)

−
(

𝛾 − 1
𝛾

)

𝜎𝑖𝑗𝑡 −
(

𝜂 − 𝛾
𝜂𝛾

)

𝜎̃𝑖𝑗𝑡

]−1
(12)

In this formula, we have defined:

𝜎𝑖𝑗𝑡 ≡
𝑝𝑖𝑗𝑡𝑦𝑖𝑗𝑡
𝑝𝑗𝑡𝑦𝑗𝑡

and 𝜎̃𝑖𝑗𝑡 ≡
𝑝𝑖𝑗𝑡𝑦𝑖𝑗𝑡
𝑝̃𝑠𝑗𝑡𝑦̃𝑠𝑗𝑡

(13)

as, respectively, the market share of firm 𝑖 among all firms (including superstars and fringe) in its industry, and the market share
of the firm among the superstars only. Eq. (12) shows that a firm’s markup is increasing in both of these market share definitions.

We can write market shares in terms of relative outputs and productivities, which allows us to obtain the following set of static
equilibrium conditions:

( 𝑦𝑖𝑗𝑡
𝑦𝑘𝑗𝑡

)
1
𝜂
=

𝑞𝑖𝑗𝑡
𝑞𝑘𝑗𝑡

𝜔̂𝑖𝑗𝑡
𝜔̂𝑘𝑗𝑡

𝑀𝑘𝑗𝑡

𝑀𝑖𝑗𝑡
, ∀𝑘 ≠ 𝑖 (14a)

𝑦𝑖𝑗𝑡
𝑦̃𝑐𝑗𝑡

=
𝑞𝑖𝑗𝑡
𝑞𝑐𝑗𝑡

𝜎𝑖𝑗𝑡
𝜎𝑐𝑗𝑡

1
𝑀𝑖𝑗𝑡

. (14b)

here 𝜎𝑐𝑗𝑡 ≡ 1 −
∑𝑁𝑗𝑡
𝑘=1 𝜎𝑘𝑗𝑡 is the market share of the fringe. In words, the relative demand of superstars is increasing in their

elative productivity and relative taste shifter, and decreasing in their relative markup. Static profits before advertising costs
𝜋𝑖𝑗𝑡 ≡ 𝑝𝑖𝑗𝑡𝑦𝑖𝑗𝑡 −𝑤𝑡𝑙𝑖𝑗𝑡) are proportional to the superstar’s market share and the Lerner index, 𝜋𝑖𝑗𝑡 = 𝜎𝑖𝑗𝑡(1 −𝑀−1

𝑖𝑗𝑡 )𝑌𝑡.

dvertising choices. As with output choices, a superstar firm internalizes that its advertising decisions affect industry-level prices
hrough their impact on the firm’s own market shares relative to other superstars and the fringe, as well as on other firms’ perceived
uality (𝜔̂𝑘𝑗𝑡). The optimal level of advertising 𝜔𝑖𝑗𝑡 by firm 𝑖 in industry 𝑗 equates the marginal static profit gains from advertising
o the marginal cost of advertising. Deriving the first-order condition with respect to 𝜔𝑖𝑗𝑡 (see Appendix C.2 for details), we can
rite:

𝜎𝑖𝑗𝑡
1 + 𝜔𝑖𝑗𝑡

[𝑁𝑗𝑡 − 𝜔̂𝑖𝑗𝑡
𝑁𝑗𝑡

+
𝛾 − 𝜂

(𝜂 − 1)𝛾

(

𝜎̃𝑖𝑗𝑡 −
𝜔̂𝑖𝑗𝑡
𝑁𝑗𝑡

)

+
𝜂

𝜂 − 1
𝛾 − 1
𝛾

𝜎𝑖𝑗𝑡

( 𝜔̂𝑖𝑗𝑡
𝑁𝑗𝑡𝜎̃𝑖𝑗𝑡

− 1
)]

= 𝜒𝑎𝜙𝑎𝜔
𝜙𝑎−1
𝑖𝑗𝑡 (15)

16 See Appendix C.2 for a detailed derivation of the set of all static equilibrium conditions.
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As both markups and taste shifters are functions of market shares, and these are themselves functions of relative outputs,
qs. (14a)–(14b) and (15) comprise a system of 2𝑁𝑗𝑡 equations in 2𝑁𝑗𝑡 unknowns (the output ratios and advertising decisions),

which can be solved, for each industry 𝑗, as a function of the set of relative productivities between firms, {𝑛𝑘𝑖𝑗𝑡}, and the total
number of superstars in the industry, 𝑁𝑗𝑡.

We denote equilibrium post-advertising profits by 𝜋𝑎𝑑𝑣𝑖𝑗𝑡 ≡ 𝜋𝑖𝑗𝑡 − 𝜒𝑎𝜔
𝜙𝑎
𝑖𝑗𝑡𝑌𝑡, which will drive the incentives for firms to invest in

&D and innovation.

abor market clearing. We close the static part of the equilibrium by imposing labor market clearing. Labor input choices satisfy
𝑖𝑗𝑡 =

𝜎𝑖𝑗𝑡
𝑤𝑟𝑒𝑙𝑡

𝑀−1
𝑖𝑗𝑡 and 𝑙𝑐𝑗𝑡 =

𝜎𝑐𝑗𝑡
𝑤𝑟𝑒𝑙𝑡

, for each superstar firm 𝑖 and the fringe, respectively, where 𝑤𝑟𝑒𝑙𝑡 ≡ 𝑤𝑡
𝑌𝑡

denotes the relative wage.
Imposing labor market clearing gives us a formula for this relative wage:

𝑤𝑟𝑒𝑙𝑡 = ∫

1

0

⎛

⎜

⎜

⎝

𝜎𝑐𝑗𝑡 +
𝑁𝑗𝑡
∑

𝑖=1
𝜎𝑖𝑗𝑡𝑀

−1
𝑖𝑗𝑡

⎞

⎟

⎟

⎠

𝑑𝑗 (16)

Superstar value function and R&D decision. The relevant state for firm 𝑖 in industry 𝑗 is given by the vector collecting the number
of productivity steps relative to all other superstars in the industry, 𝐧𝑖𝑗𝑡 ≡ {𝑛𝑘𝑖𝑗𝑡}𝑘≠𝑖, and the number of superstars in the industry,
𝑗𝑡 ≡ |𝐧𝑖𝑗𝑡| + 1. We drop time and industry subscripts unless otherwise needed. A superstar firm 𝑖 chooses an innovation rate 𝑧𝑖 to
aximize the value of the firm, given by:

𝑟𝑉 (𝐧𝑖, 𝑁) = max
𝑧𝑖

{

𝜋𝑎𝑑𝑣(𝐧𝑖, 𝑁) − 𝜒𝑧𝜙𝑖 𝑌 (17)

+ 𝑧𝑖

[

𝑉
(

𝐧𝑖∖{𝑛𝑘𝑖 = 𝑛̄} + 𝟏, 𝑁 − |{𝑛𝑘𝑖 = 𝑛̄}|
)

− 𝑉 (𝐧𝑖, 𝑁)
]

−
∑

{𝑘∶𝑛𝑘𝑖 =−𝑛̄}

𝑧𝑘𝑗𝑉 (𝐧𝑖, 𝑁)

+
∑

{𝑘∶𝑛𝑘𝑖 >−𝑛̄}

𝑧𝑘𝑗

[

𝑉
(

𝐧𝑖∖{𝑛𝑘𝑖 } ∪ {𝑛𝑘𝑖 − 1}∖{𝑛𝑙𝑖 = 𝑛̄ + 𝑛𝑘𝑖 }, 𝑁 − |{𝑛𝑙𝑖 = 𝑛̄ + 𝑛𝑘𝑖 }|
)

− 𝑉 (𝐧𝑖, 𝑁)
]

+ 𝑋𝑗

[

𝑉
(

𝐧𝑖 ∪
{

min
(

𝑛̄, 𝑛̄ + min(𝐧𝑖)
)}

,min(𝑁 + 1, 𝑁̄)
)

− 𝑉 (𝐧𝑖, 𝑁)
]

}

+𝑉̇ (𝐧𝑖, 𝑁)

In this Hamilton–Jacobi-Bellman equation, the first line is the profit flow from sales net of labor and advertising costs, minus
he costs of R&D. The first term on the second line is the gain from a successful innovation, which increases the lead of the firm by
ne step relative to all of its competitors. Any firm 𝑛̄ productivity steps below firm 𝑖 exits the set of superstars, which decreases the
umber of superstars by one. The second term on this line is the change in value due to endogenously exiting the set of superstars
fter a successful innovation by an industry leader who is 𝑛̄ steps ahead of firm 𝑖, in case any such firm exists. The third line includes
he event that any other superstar 𝑘 of the industry innovates. In this case, the lead of firm 𝑖 relative to the innovating firm decreases
y one. Moreover, in case the innovating firm was leading any other firm 𝑙 by 𝑛̄, such firm exits, and the number of superstars in
he industry decreases. The first term on the fourth line is the effect of the emergence of a new superstar on the value of firm 𝑖,
ith the incoming firm starting with distance 𝑛̄ from the industry leader. The last term on this line is the change in firm value over

ime.
In a balanced growth path (BGP) with constant output growth 𝑔 > 0, we have 𝑉 (𝐧𝑖, 𝑁) = 𝑣(𝐧𝑖, 𝑁)𝑌 for a time-invariant function

. Using the Euler equation, we can write:

𝜌𝑣(𝐧𝑖, 𝑁) = max
𝑧𝑖

{

𝜋𝑎𝑑𝑣(𝐧𝑖, 𝑁)
𝑌

− 𝜒𝑧𝜙𝑖 + 𝑧𝑖

[

𝑣
(

𝐧𝑖∖{𝑛𝑘𝑖 = 𝑛̄} + 𝟏, 𝑁 − |{𝑛𝑘𝑖 = 𝑛̄}|
)

− 𝑣(𝐧𝑖, 𝑁)
]

+
∑

{𝑘∶𝑛𝑘𝑖 ≠−𝑛̄}

𝑧𝑘𝑗

[

𝑣
(

𝐧𝑖∖{𝑛𝑘𝑖 } ∪ {𝑛𝑘𝑖 − 1}∖{𝑛𝑙𝑖 = 𝑛̄ + 𝑛𝑘𝑖 }, 𝑁 − |{𝑛𝑙𝑖 = 𝑛̄ + 𝑛𝑘𝑖 }|
)

− 𝑣(𝐧𝑖, 𝑁)
]

−
∑

{𝑘∶𝑛𝑘𝑖 =−𝑛̄}

𝑧𝑘𝑗𝑣(𝐧𝑖, 𝑁) +𝑋𝑗

[

𝑣(𝐧𝑖 ∪ {min
{

𝑛̄, 𝑛̄ + min(𝐧𝑖)
}

},min(𝑁 + 1, 𝑁̄)) − 𝑣(𝐧𝑖, 𝑁)
]

}

(18)

ptimal innovation is 𝑧𝑖 =
[

(𝑣(𝐧𝑖∖{𝑛𝑘𝑖 = 𝑛̄} + 𝟏, 𝑁 − |{𝑛𝑘𝑖 = 𝑛̄}|) − 𝑣(𝐧𝑖, 𝑁))∕(𝜒𝜙)
]

1
𝜙−1 .

Small firm innovation. To obtain the optimal behavior of small firms and entry into the superstar status, we define 𝛩 ≡ (𝑁, 𝑛) as the
state of an industry, where 𝑁 ∈ {1,… , 𝑁̄} is the number of superstars in the industry and 𝑛 ∈ {0,… , 𝑛̄}𝑁−1 is the number of steps
followers are behind the leader (in ascending order). Further, define 𝑝(𝛩,𝛩′) as the instantaneous flows from state 𝛩 to 𝛩′. In each
industry 𝑗 of type 𝛩 (with 𝑁(𝛩) < 𝑁̄ superstars), each small firm in the competitive fringe chooses R&D investment to maximize:

𝑟𝑉 𝑒(𝛩) = max
𝑋𝑘𝑗

{

𝑋𝑘𝑗𝑉
(

{𝐧̃𝑗 − 𝑛̄} ∪ {−𝑛̄}, 𝑁𝑗 + 1
)

− 𝜏𝑉 𝑒(𝛩) − 𝜈𝑋𝜖
𝑘𝑗𝑌

+
∑

𝛩′
𝑝(𝛩,𝛩′)

(

𝑉 𝑒(𝛩′) − 𝑉 𝑒(𝛩)
)

}

+𝑉̇ 𝑒(𝛩) (19)
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where 𝑉 𝑒(𝛩) is the value of a small firm in industry 𝑗 and 𝐧̃𝑗 is the firm state variable of the industry leader. Guessing
and verifying that 𝑉 𝑒(𝛩) = 𝑣𝑒(𝛩)𝑌 in a BGP, the optimal innovation intensity by a small firm in industry 𝑗 is then 𝑋𝑘𝑗 =
[

𝑣({𝐧̃𝑗 − 𝑛̄} ∪ {−𝑛̄}, 𝑁𝑗 + 1)∕(𝜈𝜖)
]

1
𝜖−1 .

Plugging in the optimal solution, the normalized value of a small firm is:

𝑣𝑒(𝛩) = 1
𝜌 + 𝜏

⎡

⎢

⎢

⎣

(

1 − 1
𝜖

) 𝑣({𝐧̃𝑗 − 𝑛̄} ∪ {−𝑛̄}, 𝑁𝑗 + 1)
𝜖
𝜖−1

(𝜈𝜖)
1
𝜖−1

+
∑

𝛩′
𝑝(𝛩,𝛩′)

(

𝑣𝑒(𝛩′) − 𝑣𝑒(𝛩)
)
⎤

⎥

⎥

⎦

(20)

Entrepreneurs. The expected value of a new small firm created by a successful entrepreneur is equal to 𝑊 =
∑

𝛩 𝑉
𝑒(𝛩)𝜇(𝛩), where

𝜇(𝛩) is the equilibrium measure of industries of type 𝛩. The value of being an entrepreneur, denoted 𝑆, is:

𝑟𝑆 = max
𝑒

{−𝜓𝑒2𝑌 + 𝑒𝑊 } + 𝑆̇ (21)

Guessing and verifying that 𝑆 = 𝑠𝑌 in a BGP, we obtain that 𝑒 = 1
2𝜓

∑

𝛩 𝑣
𝑒(𝛩)𝜇(𝛩), which implies 𝑠 = 1

4𝜓𝜌

[
∑

𝛩 𝑣
𝑒(𝛩)𝜇(𝛩)

]2. In
BGP, entry into the competitive fringe equals exit from the competitive fringe, implying 𝑒 = 𝜏𝑚. Thus, we get the equilibrium
easure of small firms in the economy:

𝑚 =
∑

𝛩 𝑣
𝑒(𝛩)𝜇(𝛩)
2𝜓𝜏

(22)

We focus on the unique Markov Perfect Equilibrium of this economy, which is formally described in Appendix C.1.

rowth rate. The BGP rate of economic growth is given by17:

𝑔 = ln(1 + 𝜆)
∑

𝛩
𝑝𝑙𝑒𝑎𝑑𝑒𝑟(𝛩)𝜇(𝛩) (23)

where 𝑝𝑙𝑒𝑎𝑑𝑒𝑟(𝛩) is defined as the arrival rate of leader innovation. In words, the growth rate of the economy is the product of the
log step size of innovations and the average leader innovation intensity across industries. Innovation by all other firms affects this
growth rate through its influence on the stationary industry state distribution 𝜇(𝛩) and its strategic effect on leader innovation.

4. Calibration strategy

Our main goal in this paper is to understand the static and dynamic welfare implications of advertising through its interaction
with innovation and the market share distribution within and across industries. To quantify these effects, our calibration strategy
requires that the model is consistent with empirical observations regarding advertising, innovation, and market concentration. In
particular, we make sure that the model is able to replicate the micro-level empirical regularities documented in Section 2, as well
as other salient properties of the aggregate data.

4.1. Indirect inference and model fit

We calibrate the model at the annual frequency, and set the consumer discount rate externally to 𝜌 = 0.04. This leaves 12
parameters to calibrate: (𝜆, 𝜂, 𝛾, 𝜒, 𝜈, 𝜁 , 𝜙, 𝜖, 𝜏, 𝜓, 𝜒𝑎, 𝜙𝑎).18 Individual moments from the data cannot uniquely identify each parameter
separately. We therefore calibrate the 12 parameters jointly through a moment-matching procedure, by ensuring that the distance
between the model-generated moments and their empirical counterparts is minimized. The identification success of this method
requires that we choose moments which are sufficiently sensitive to variation in the structural parameters. In what follows, we offer
some verbal intuition for this identification. Appendix B.3 includes a full discussion, as well as a rigorous global identification test.

We target a combination of aggregate, industry-level, and firm-level moments. Appendix B.2 provides details regarding the data
sources and the way these moments are computed both in the US data and in the model. At the aggregate level, we target the growth
rate of real GDP per capita, which helps us identify the step size of innovations, 𝜆. To make sure the model correctly predicts the
degree of market power in the economy, we also target the sales-weighted average and standard deviation of firm-level markups,
the average firm profitability, and the aggregate labor share. These moments are informative about the within-industry elasticity of
substitution between superstars and fringe, 𝛾, and the relative productivity of the fringe, 𝜁 . The R&D cost parameters for small and
large firms are identified using aggregate and industry-level moments related to leader quality and R&D expenditures. The average
relative quality of industry leaders, and its standard deviation across industries, help us pin down the scale parameter for the small
firms’ R&D cost function, 𝜈, and the curvature in the R&D costs of superstars, 𝜙.19 The scale parameter in the R&D cost function of
superstars, 𝜒 , is pinned down by the aggregate R&D share of GDP. Similarly, the scale parameter in the advertising cost function,

17 See Appendix C.3 for the derivation.
18 To calibrate the model, we must also choose values for the maximum number of steps between superstars, 𝑛̄, and the maximum number of superstars in

an industry, 𝑁̄ . We set 𝑛̄ = 5 and 𝑁̄ = 4, which imply that the dimensionality of the firm state variable is 774, whereas that of the industry state variable is 84.
n Section 6 we perform robustness checks for both 𝑛̄ and 𝑁̄ .
19 We proxy quality with the stock of past patent citations, and define the relative quality of the leader as the quality of the top firm divided by the sum of
he qualities of the top four firms in its SIC4 industry. See Appendix B.2 for details.
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Table 1
Benchmark model parameters and target moments.
A. Calibrated parameters

Parameter Description Value

𝜆 Innovation step size 0.1657
𝜂 Elasticity within industry 11.6743
𝛾 Elasticity between superstars and fringe 2.9637
𝜒 Superstar cost scale 77.4786
𝜈 Small firm cost scale 3.1629
𝜁 Competitive fringe ratio 0.7078
𝜙 Superstar cost convexity 4.4849
𝜖 Small firm cost convexity 4.5514
𝜏 Small firm exit rate 0.1151
𝜓 Entry cost scale 0.0597
𝜒𝑎 Advertising cost scale 0.0664
𝜙𝑎 Advertising cost convexity 3.3646

B. Moments

Target moments Data Model

Growth rate 2.204% 2.201%
R&D/GDP 2.435% 2.467%
Advertising/GDP 2.200% 2.208%
Average markup 1.350 1.342
Standard deviation of markups 0.346 0.442
Labor share 0.652 0.638
Firm entry rate 0.115 0.115
Average profitability 0.144 0.136
Average leader relative quality 0.749 0.510
Standard deviation of leader relative quality 0.223 0.164

Regression (1a), linear coefficient: 𝛽𝑖𝑛𝑛1 0.629 0.982
Regression (1a), top point: −𝛽𝑖𝑛𝑛1 ∕(2𝛽𝑖𝑛𝑛2 ) 0.505 0.483
Regression (1b), linear coefficient: 𝛽𝑎𝑑𝑣1 6.260 7.614
Regression (1b), top point: −𝛽𝑎𝑑𝑣1 ∕(2𝛽𝑎𝑑𝑣2 ) 0.533 0.521

Notes: Panel A reports the calibrated parameters. Panel B reports the simulated and empirical
moments. Appendix B.2 provides information on our data and the way these moments are
computed in the data and the model. Appendix B.3 discusses identification.

𝑎, is pinned down by the aggregate advertising share. The exit rate of small firms, 𝜏, is directly identified by targeting the firm
entry rate in the data.

The remaining moments ensure that the model reproduces the facts documented in Section 2, namely the two non-linear
relationships between innovation and market share, and between advertising and market share. To discipline these intra-industry
inverted-U shaped relationships, we target (i) the linear coefficients of both regressions (1a) and (1b), and (ii) the top points of
the inverted U, which we can obtain using a combination of the linear and quadratic coefficients, −𝛽𝑖𝑛𝑛1 ∕(2𝛽𝑖𝑛𝑛2 ) and −𝛽𝑎𝑑𝑣1 ∕(2𝛽𝑎𝑑𝑣2 ),
espectively. These coefficients help pin down the elasticity of substitution between superstars, 𝜂, the curvature in the R&D cost
unction of small firms, 𝜖, and the curvature in the advertising cost function, 𝜙𝑎, as we explain in Appendix B.3. Finally, given this
ssignment, the value for 𝜓 is found ex-post to normalize the stationary measure of small firms, 𝑚, to one in equilibrium.

Table 1 presents the results of our calibration exercise. Panel A reports the parameter values, and Panel B reports the results in
erms of moment matching. The model manages to match the targeted moments well, even though the model is over-identified.

.2. Model validation and untargeted moments

Besides matching the targeted moments, our calibrated model is also consistent with the data along several untargeted dimensions
hat are relevant for our analysis. First, our calibration generates concentration ratios that are in line with the data. The average
ombined market share of the largest four firms within their industry (CR4 ratio) is 43.13% in our model, similar to its empirical
ounterpart (48.41%). The overall distribution of CR4 ratios across industries is also closely matched, as seen in Table F.2.

Second, the model aligns well with the observed empirical firm-level correlations between advertising, R&D, SG&A (i.e., Selling,
eneral, and Administrative Expenses), markups, and profitability. De Loecker et al. (2020) report that both firm-level markups and
rofitability are positively correlated with R&D, advertising, and SG&A, which our model also delivers (see Table F.1).20

Third, in the data we find that the advertising of competitors within the industry is negatively associated with a firm’s market
hare, i.e., 𝛽4 < 0 in regression (2). In the model, demand for a firm’s variety increases with its advertising effort, but it is also

20 Our model delivers correlations that are slightly higher than those reported in De Loecker et al. (2020), a result that can be attributed to the presence of

oise in the data.
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Fig. 2. Advertising policy function.
Notes: This figure displays the policy functions for advertising as functions of this firm’s technological lead relative to its competitor(s) for the case of industries
with 𝑁 = 2 superstar firms (left panel) and 𝑁 = 3 superstar firms (right panel).

negatively affected by the advertising spending of the competitors. Regressing a firm’s relative sales on its own advertising and
the total advertising of its competitors in the model allows us to pin down the relative role played by both types of advertising on
sales. Measuring this relative role by the ratio of the two coefficients, 𝛽3∕𝛽4, our calibrated model delivers a value of −1.28, which
is comparable with the one observed in the data, −1.01.

Fourth, heterogeneous markups arise in our framework, since the price-elasticity of demand is size-dependent. Larger firms face
more inelastic demand and are able to charge higher markups. As a result, the relationship between demand elasticity and firm
size (the so-called superelasticity of demand) shapes the distribution of markups along relative firm size and governs the response
of markups to policy in our counterfactual experiments. The average superelasticity in our calibrated model equals 0.21, which is
very similar to the superelasticity of 0.16 estimated by Edmond et al. (2023).21

Finally, our calibrated model is also consistent with the data regarding the correlation between labor shares and value
added. Gouin-Bonenfant (2022) documents a negative relationship between (log) firm-level labor share and (log) value-added.
Repeating this regression in our calibrated model, we obtain a coefficient of −0.0648, which is close to the value −0.112 that Gouin-
Bonenfant (2022) estimates for Canada. Gouin-Bonenfant (2022) also documents a negative correlation between the industry-level
labor share and the dispersion of productivity, which our calibrated model also delivers.

4.3. Key model features

Before proceeding to our quantitative analysis, this section briefly discusses the key features of the equilibrium that arise from
our calibrated model.

Optimal advertising and innovation policies. Fig. 2 presents the policy functions for advertising for the case of industries with 𝑁 = 2
superstar firms (left panel) and 𝑁 = 3 superstar firms (right panel).22 These policy functions are plotted from the perspective of a
given firm, as functions of this firm’s technological lead relative to its competitor(s), where a negative number means that the firm
is lagging relative to its competitor.

In a two-superstar industry, the incentives to advertise are the highest when the firms are close to being neck-to-neck, and
remain high when one firm has a slight lead. For larger leads, incentives decline. Indeed, when one of the firms is leading by a
large gap, its incentives to advertise are relatively low because the firm does not gain too much additional demand relative to its
competitor. The policy function in industries with three superstars exhibits a similar pattern, with advertising incentives increasing
in the technological lead, and declining (though only slightly) when the firm is far ahead of both of its competitors.

Figure F.1 in the Appendix shows the corresponding policy functions for innovation, exhibiting a similar feature: firms innovate
the most when they are close to being neck-to-neck, and innovation incentives decrease with higher technological gap with their
competitors.

Advertising, innovation, and market share. As our main quantitative exercises will relate to the effects of advertising policy through
endogenous responses in innovation, advertising, and market structure, we must also make sure that the model can reproduce the
empirically observed relationships between these variables.

21 Unlike the Kimball specification used in Edmond et al. (2023), our model allows for non-constant superelasticity across relative firm size.
22 Since we assume that there exists a maximum technology gap 𝑛̄ between any two superstars, some states on the right panel of Fig. 2 are impossible, which

is why the policy function is displayed as a strip in the space of states.
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Fig. 3. R&D expenses, advertising, and firm market shares.
Notes: This figure displays firm-level R&D (left panel) and advertising (right panel) expenditures as functions of the firm’s market share relative to other superstars
in its industry (i.e., 𝜎̃ defined in Eq. (13)). Each marker in these figures corresponds to the choice of a firm given an industry state, ranging from 𝑁 = 1 to
𝑁 = 4 superstars per industry.

Fig. 3 shows firm-level R&D (left panel) and advertising (right panel) expenditures in the model as functions of the firm’s market
share relative to other superstars in its industry (i.e., 𝜎̃ defined in Eqs. (13)).23 Each marker in these figures corresponds to the
choice of a firm given an industry state, ranging from 𝑁 = 1 to 𝑁 = 4 superstars per industry. The figure shows that the model
generates, within all industries, an inverted-U shaped relationship between a firm’s innovation and advertising efforts and its share
of sales in its industry (recall that the intercept and top point of both of these curves were targets of the calibration). Note that
the inverted-U relationships continue to hold even within industries with the same number of superstars, which is also true in the
data.24

5. Counterfactual experiments

We are now ready to tackle the central question of our paper: how does advertising affect social welfare through its static and
dynamic interactions with innovation, competition, and market structure, as well as macroeconomic aggregates such as the level of
output, markups, the labor share, and long-run economic growth? Further, what are the implications for policy intervention?

5.1. The macroeconomic effects of shutting down advertising

As a first pass, we conduct a counterfactual experiment in which we shut down advertising completely. In particular, we compare
our baseline calibration with a stationary equilibrium in which superstar firms find it prohibitively costly to invest in advertising.25

5.1.1. The dynamic impact on macroeconomic aggregates
Table 2 reports how key macroeconomic aggregates change as a result of our experiment. We can first notice that the R&D share

of GDP and economic growth increase when advertising is shut down. There are several forces at play regarding the relationship
between aggregate advertising and R&D, as both R&D and advertising can be used by firms to shift demand away from competitors
and towards their products. On the one hand, advertising allows firms to magnify the return on their innovation, hence increasing
the incentives to perform R&D. From this point of view, advertising and R&D can be seen as complements. On the other hand, when
firms cannot advertise, they lose one potential tool to differentiate their products from those of their competitors, and might invest
more in the remaining tool – R&D – making advertising and R&D substitutes.

Our results in Table 2 suggest that the second effect dominates, and that R&D and advertising are substitutes at the aggregate
level in general equilibrium: on average, innovation by superstars increases in response to shutting down advertising.26 This result is

23 Note that we plot advertising and R&D expenditures as a function of relative sales among superstars alone, and not all firms. The superstars in the model
are mapped to publicly-traded US firms in the data (Compustat). The relative market share among superstars in the model is therefore mapped to the relative
market share in the firm’s SIC4 industry in Compustat.

24 Recall that the set of controls in our regressions (1a)–(1b) includes the number of firms in the industry.
25 In this case, the perceived quality of every single variety is equal to one, 𝜔̂𝑖𝑗 = 1. This experiment is equivalent to the limiting case of our model in which

the cost scale parameter of advertising 𝜒𝑎 goes to infinity.
26 Under different parameter values, advertising and R&D can be complements rather than substitutes in our model. Therefore, this is a quantitative result

rather than a theoretical implication of the framework.
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Table 2
Advertising shutdown: The dynamic impact on macroeconomic aggregates.

Benchmark Advertising shutdown % change

Growth rate 2.201% 2.273% 3.26%
R&D/GDP 2.467% 2.613% 5.92%
Advertising/GDP 0.022 0.000 −100.00%
Average markup 1.342 1.254 −6.58%
Std. dev. markup 0.442 0.340 −23.12%
Labor share 0.638 0.663 3.84%
Average profitability 0.136 0.126 −7.56%
Average leader relative quality 0.510 0.449 −11.84%
Std. dev. leader relative quality 0.164 0.144 −11.92%

Superstar innovation 0.339 0.394 16.17%
Small firm innovation 0.096 0.112 16.44%
Output share of superstars 0.431 0.422 −2.12%
Average superstars per industry 2.864 3.264 13.99%
Mass of small firms 1.000 1.328 32.84%
Initial output 1.159 1.105 −4.63%

Notes: This table presents the changes in the relevant macroeconomic aggregates under the advertising shutdown
compared to the baseline economy.

in line with the empirical findings in Cavenaile and Roldan-Blanco (2021), providing an additional out-of-sample validation test for
the model. Interestingly, small firms also raise their investment in R&D when advertising is shut down. This can be linked to results
that we will further discuss in Section 5.1.2, where we argue that advertising shifts market shares from small to large superstars.
As a result, the absence of advertising leads to a higher value of small superstar firms, and hence an increase in the incentives for
small firms to perform R&D in order to become superstars themselves. Overall, shutting down advertising raises economic growth
by 3.26% of its baseline value.

In addition, advertising also affects business dynamism. As advertising affects the value of small firms in the economy, it also
changes the investment behavior of entrepreneurs. When advertising is shut down, entrepreneurs’ investment rate increases and
the mass of small firms in the economy goes up by 32.8%. In other words, advertising decreases business dynamism along two
dimensions. First, it slows down the number of new small firms that are created and, second, it decreases the rate at which new
superstars emerge. Shutting down advertising, on the other hand, levels the playing field, favoring smaller firms over the larger
superstars.27 Conversely, one could interpret this finding as advertising playing the role of a barrier to entry of new firms.

Firms in our model use advertising to shift demand towards their product and away from their competitors, and thereby charge
higher markups. As a result, shutting down advertising also leads to a significant decrease in markups. The average net markup
decreases from 34% to 25%. In other words, advertising is found to be responsible for roughly one quarter of the average net
markup observed in the calibrated equilibrium, whereas the remaining three quarters are attributable to productivity heterogeneity
and the love for variety of the consumers. The standard deviation of firm-level markups also falls by 23.1% of its value, implying that
advertising is responsible for one quarter of the empirically observed dispersion in markups. The decrease in the average markup
is accompanied with a decline in the profitability of superstar firms by 7.56%, and a rise in the labor share by 3.84% of its value.

While these changes seem beneficial for social welfare at first glance, the effects of shutting down advertising on static and
dynamic allocative efficiency are found to be quite nuanced, which we investigate next.

5.1.2. The impact on static misallocation of resources
We have just shown that shutting down advertising leads to a significant decrease in the average markup and its dispersion.

One might therefore be tempted to expect an increase in allocative efficiency. Interestingly, we find that shutting down advertising
reduces static allocative efficiency, decreasing the level of output by 4.63% of its value.

This result owes to two effects, both working in the opposite direction compared to the change in markups. First, advertising
is found to help reallocate production from less productive superstars (low 𝑞𝑖𝑗) to more productive ones (high 𝑞𝑖𝑗). Since more
roductive firms advertise more overall, demand shifts towards their products. Due to the oligopolistic competition under a CES
ggregator as in Atkeson and Burstein (2008), more productive firms charge higher markups in equilibrium and produce too little
elative to the efficient allocation. This means that, statically, the economy with advertising allocates inputs more efficiently, because
dvertising partially alleviates the misallocation of resources inherent to this environment with oligopolistic competition.

Second, advertising directly affects products’ perceived quality (𝜔̂), and hence, welfare. In equilibrium, advertising is such that
he perceived quality of large superstars (whose products are consumed more) is magnified compared to smaller superstars, which
urther amplifies the gains from production. Combined together, the reallocation of resources towards more efficient firms, and the
elative amplification of the perceived quality of these firms, work against the effects of higher markups, implying that advertising
elps improve static allocative efficiency on the net.

27 This effect is heterogeneous across firms, and there are winners and losers. See Appendix B.4 for a discussion.
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Fig. 4. Change in industry output by productivity dispersion.
Notes: This figure depicts how shutting down advertising affects allocative efficiency across different industry states. The left panel displays the change in
industry output as a function of productivity dispersion in the industry. The right panel shows the change in industry output evaluated at a fixed perceived
quality (𝜔̂𝑖𝑗 = 1) such that the change in industry output is solely due to changes in quantities produced. Each circle represents an industry state, with the color
of the circle denoting the number of superstars in the industry, and the size of the circle indicating the share of that industry state in the baseline invariant
distribution.

Fig. 4 shows that most of the allocative efficiency gains are due to the first effect. The left panel displays the change in log
ndustry output as a function of productivity dispersion in the industry — the combined result of changes in the labor allocation
etween firms and the change in their perceived quality. In contrast, the right panel shows how much of the change in log industry
utput is due to labor reallocation alone. In particular, it shows the change in log industry output evaluated at a fixed perceived
uality, 𝜔̂𝑖𝑗 = 1, so that these changes are only due to quantities produced. Each circle represents an industry state, with the color of
he circle denoting the number of superstars in the industry, and the size of the circle indicating the share of that industry state in
he baseline stationary distribution. Comparing both panels of Fig. 4, changes in log industry output are very similar, which shows
hat labor reallocation between firms explains a large share of the reduction in misallocation.

We can also notice from Fig. 4 that the reallocation of production between firms, improving static allocative efficiency, is stronger
n industries where the dispersion in terms of productivity is larger. Intuitively, it is in industries with more productivity dispersion
hat the potential gains to production reallocation between firms are the largest.

.1.3. Short-run versus long-run effects on welfare
How do these various macroeconomic effects translate into social welfare? To address this question, we decompose the results

escribed above into their static and dynamic parts. The static part owes to changes in observables for a given distribution over
ndustry states. The dynamic effect is due to the endogenous response of firms in terms of R&D investment when advertising is shut
own, which leads to a change in the distribution over industry states.28

Specifically, the model allows for an analytical decomposition of the change in welfare, 𝛥𝑊 ≡ 𝑊 𝐵 − 𝑊 𝐴, between any two
tationary equilibria A and B as follows (see the details in Appendix C.4):

𝛥𝑊 = 1
𝜌

[

−𝛥 ln𝑤𝑟𝑒𝑙 + 𝛥

(

∑

𝛩
𝑓 (𝛩)𝜇(𝛩)

)

⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟
𝛥 ln(𝑌0)

+ 𝛥 ln
(

𝐶0
𝑌0

)]

+ 1
𝜌2
𝛥𝑔 (24)

The first term inside the square brackets reflects the change in the relative wage, and the second term relates to changes in the
relative industry output of superstar firms. These two terms collectively represent the change in welfare due to the change in the
initial level of output. The third term captures changes in the consumption share of GDP. The last term in the equation captures
how the differential in the growth rates between the two economies is translated to changes in welfare.

Table 3 shows how each of these margins is affected by shutting down advertising. Overall, we obtain a welfare loss: the
consumption-equivalent welfare change (CEWC) is –0.86%.29 The first two columns in the table report the static effect of advertising

28 In Appendix E, we state the social planner problem and derive closed-form solutions for the static part. This helps us identify misallocation of labor from
arkups as the source of static inefficiencies in the decentralized equilibrium.
29 Consumption-equivalent welfare is defined as the compensation in lifetime consumption that the representative household from one economy requires to

emain indifferent between consuming in this economy versus consuming in the counterfactual economy. This welfare measure is provided in equation (C.20)

f Appendix C.4.

14 



L. Cavenaile et al.

o
d
i
r
a
i
t

S
a
A
w

5

a
s

a
a
T
s
e
A
c

h
h
i
f
w
T
o
p

q

w
a
t
a

N
g

r
o

Journal of Monetary Economics xxx (xxxx) xxx 
Table 3
Advertising shutdown: Short-run vs. long-run effects on efficiency.

Static Static+New Dist. Dynamic

𝛥𝑊 CEWC 𝛥𝑊 CEWC 𝛥𝑊 CEWC

Relative wage −0.883 −3.47% −0.942 −3.70% −0.942 −3.70%
Output of superstar firms −0.618 −2.44% −0.242 −0.96% −0.242 −0.96%
Consumption/output 0.573 2.32% 0.573 2.32% 0.520 2.10%
Output growth 0.000 0.00% 0.000 0.00% 0.448 1.81%

Total −0.927 −3.64% −0.612 −2.42% −0.217 −0.86%

Notes: This table shows the decomposition of the changes in social welfare between our baseline calibration and our counterfactual
economy without advertising.

n welfare, i.e., fixing the distribution over industry states, 𝜇(𝛩), and the level of R&D, at their baseline levels. Statically, shutting
own advertising results in a large welfare loss of 3.64%, which comes from the resulting increase in the relative wage and decrease
n the output of superstar firms. As discussed in Section 5.1.2, shutting down advertising reduces static allocative efficiency, which
esults in a welfare loss. The third and fourth columns in Table 3 display what happens to welfare if we further let the distribution
djust but still keep R&D and growth fixed. In that case, the welfare loss from shutting down advertising is smaller, at 2.42%. This
s due to the fact that the industry state distribution shifts towards industries in which superstars produce more. As a result, the
otal output of superstars increases which results in welfare gains. On the other hand, the relative wage further increases.

Finally, the last two columns of Table 3 show the full results including the dynamic effects due to changes in R&D investment.30

hutting down advertising raises the consumption-to-output ratio as a result of changes in total R&D and advertising expenses. In
ddition, the growth rate of the economy increases. Overall, these dynamic effects further offset some of the static welfare losses.
ll in all, static losses are larger than dynamic gains, resulting in a total welfare loss of 0.86% in consumption equivalent terms
hen advertising is shut down.

.2. Should we tax or subsidize advertising?

Our analysis in the previous section finds that advertising, despite its various negative effects, helps rather than hurts efficiency,
lbeit by a smaller margin than what we would find if the dynamic effects were ignored. This raises questions for policy intervention:
hould advertising be taxed or subsidized?

Table F.4 in the Appendix reports the results of comparing stationary equilibria across different values of advertising taxes
nd subsidies.31 In line with the results of our shutdown experiment, higher taxes (subsidies) on advertising are associated with
reduction (increase) in advertising expenditures, and an increase (decrease) in innovation and aggregate productivity growth.

axing advertising also results in a decrease in the average markup and its dispersion and in an increase in the labor share. At the
ame time, raising taxes also decreases the level of initial output as static allocative efficiency worsens. The decrease in advertising
xpenditures along with the lump-sum rebate of the tax results in an increase in initial consumption at low levels of the tax rate.
s the tax rate keeps increasing, the decrease in initial output due to losses in static allocative efficiency dominates, and initial
onsumption starts decreasing.

Interestingly, even though shutting down advertising decreases welfare, the tax rate that maximizes welfare is positive and quite
igh, at 62.9% (see Figure F.2).32 How does one reconcile these seemingly contradictory findings? The answer lies in understanding
ow taxation differs from a complete shutdown. Higher taxes on advertising expenses discourage firms from investing resources
nto advertising, resulting in both direct gains in the aggregate consumption share, and indirect gains from improved incentives
or innovation and growth. However, taxes do not cause as large a drop in static allocative efficiency as a complete shutdown
ould: while the overall spending on advertising declines, more productive superstars still continue to spend more on advertising.
herefore, the positive effects of advertising due to the more efficient input allocation are still present even under high tax rates. In
ther words, the taxes reduce the excessive spending on advertising due to the ‘‘rat race’’ between the superstars, while still largely
reserving the within-industry distribution of market shares in equilibrium. This makes advertising an ideal candidate for taxation.

In most advanced economies including the United States, advertising expenses are not taxed, as discussed in the introduction. Our
uantitative analysis suggests that advertising is a useful activity insofar as it improves static allocative efficiency through a reduction

30 Though these welfare numbers are calculated by comparing the two stationary equilibria, we could also feasibly solve for the non-stationary equilibria
hich includes the transition from the old stationary equilibrium to the new one. This would result in welfare losses between what we calculate for the static
nd dynamic effects in Columns 2 and 6 of Table 3. This is because, during the transition, the industry state distribution 𝜇𝑡(𝛩) and the mass of small firms 𝑚𝑡
ake time to converge to their new steady state values, which delays the positive effect of higher aggregate growth on welfare, whereas the static impact of
dvertising is instantaneous.
31 We focus on linear taxes and subsidies. The revenues from taxes are rebated back to the consumers, and subsidies are financed through lump-sum taxes.
ote that reported tax and subsidy rates correspond to the share of total advertising-related expenses that are collected as tax or paid as subsidies by the
overnment.
32 This tax is associated with a 0.64% increase in growth, a 2.22% increase in superstar innovation, a 6.43% reduction in the average net markup and 5.51%

eduction in markup dispersion, a 0.95% increase in the labor share, a 1.44% reduction in initial output, a 4.15% increase in the mass of small firms, and an
verall increase in welfare of 0.52%. Subsidies, on the other hand, only serve to reduce welfare.
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in the misallocation of resources. However, the same useful effects can largely be attained under relatively high linear taxes, while
eliminating most of the excessive spending that arises due to its ‘‘rat race’’ nature. Given that most taxes that governments levy to
finance government spending unambiguously reduce efficiency rather than boost it, taxing advertising seems like a great alternative,
which can be used to raise a significant amount of revenue – 1.12% of GDP under the optimal tax rate – while simultaneously
improving dynamic efficiency.33

While the optimal level calculated at 62.9% may seem rather high, this is well within the range of taxes that European countries
evy on petroleum products, which create a large dead-weight loss as well as increase transportation costs. We should also highlight
hat moderate advertising tax rates can still reap most of the benefits the optimal tax rate delivers. For instance, as the second
olumn of Table F.4 shows, a modest 25% tax rate can still deliver 58.3% of the consumption-equivalent welfare gains that the
ptimal tax rate of 62.9% provides. In such a world of second-bests, taxation of advertising expenditures seems to be an idea well
orth investigating, all the more so given that advertising expenditures are found to be very inelastic to the taxes levied.34

6. Robustness checks

In this section, we examine whether our main results – the positive effect of advertising on social welfare and the optimal linear
taxation of advertising – are robust to some extensions and modifications of our baseline setup. We briefly discuss these robustness
checks next and relegate their details to Appendix D.

6.1. Ex-ante versus ex-post preferences and deceptive advertising

One potential concern highlighted in the literature when evaluating the welfare effect of persuasive (taste-shifting) advertising
relates to whether welfare should be computed using ex-ante or ex-post preferences (see, e.g., Dixit and Norman (1978) or Benhabib
and Bisin (2011)).

In our baseline experiments, we evaluate welfare assuming that advertising influences consumers’ welfare in the same way that
it influences revealed preferences from consumer demand. To break this link, we propose an extension of our model in which
we allow for advertising to be (partly) deceptive: every instant, advertising in every industry turns out to be (unexpectedly) purely
manipulative with probability 𝛿 ∈ [0, 1]. In this event, welfare is evaluated using the equilibrium allocation, but imposing that 𝜔̂𝑖𝑗𝑡 = 1
for all products 𝑖 in that industry.35 The case with 𝛿 = 0 corresponds to our baseline model where ex-ante and ex-post preferences
coincide, whereas 𝛿 = 1 implies that advertising is fully deceptive. Consequently, 𝛿 parametrizes how severe the deceptive advertising
problem is in the overall economy. Under this extended economy, none of the positive implications regarding the competitive
equilibrium change, since purchases are still made according to the demand shifters 𝜔̂𝑖𝑗𝑡 that prevail in the baseline model. Only
the (normative) welfare calculation is altered.

Our results indicate that as advertising gets closer to being purely deceptive (i.e., 𝛿 increases), welfare losses from shutting down
advertising decrease and can eventually turn into welfare gains. However, the optimal tax rate is still below 100%, and there is still
a role for advertising to fulfill, thanks to its property of alleviating static misallocation.36 That is, advertising is still socially useful
even if it is purely deceptive.

6.2. Non-combative advertising

In the baseline model, as per Eq. (7), an increase in a firm’s advertising efforts decreases the perceived quality of every other
product in the industry, other things equal. To relax this assumption, we can more generally assume that the perceived quality of
variety 𝑖 is given by

𝜔̂𝑖𝑗𝑡 ≡
1 + 𝜔𝑖𝑗𝑡

𝛬 + 1−𝛬
𝑁𝑗𝑡

∑𝑁𝑗𝑡
𝑘=1(1 + 𝜔𝑘𝑗𝑡)

(25)

where 𝛬 ∈ [0, 1] is a parameter that governs the degree of advertising combativeness across firms. When 𝛬 = 0, we return to our
baseline model. When 𝛬 = 1, we have 𝜔̂𝑖𝑗𝑡 = 1 + 𝜔𝑖𝑗𝑡, so that a firm’s advertising does not directly affect the perceived quality of
other products.

Appendix D.2 derives the equilibrium conditions of this alternative model. To prove the robustness of our results, we perform
two robustness checks. In the first check, we pick the extreme value of 𝛬 = 1, re-calibrate the model under this choice, and repeat
the experiments (see Tables F.6 and F.7). The extended model with 𝛬 = 1 makes advertising more useful from a social perspective,
and therefore the welfare cost of shutting down advertising is now much higher at 5.38%. This large increase primarily owes to the
80% higher impact of the shutdown on initial output, due to the increased direct benefit of advertising on welfare. In both models,

33 In 2019, the tax-to-GDP ratio of the United States was 25.5%. This means optimal advertising taxes could raise 4.39% of the tax revenue already being
ollected through distortionary taxes.
34 Sensitivity analysis reveals that the main parameter that determines the elasticity of total advertising to its tax rate is the advertising cost convexity
arameter 𝜙𝑎, the value of which is pinned down by targeting the top point of the inverted-U relationship between advertising and market share.
35 In such instances, products of firms with 𝜔̂ > 1 are revealed to be ‘‘overhyped’’, and those with 𝜔̂ < 1 are revealed to be ‘‘hidden gems’’. In retrospect, the

consumers would have preferred to purchase less of the former and more of the latter, but their purchases are already made at the time welfare is evaluated.
36
 See Appendix D.1 for more details.
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shutting down advertising affects all economic quantities of interest in the same direction, although exact magnitudes vary. We also
find that it is still optimal to tax advertising rather than subsidize it. The optimal tax rate is now 28.6%.

For the second robustness check, we re-calibrate the model and include the value of 𝛬 as an internally calibrated parameter. To
pin down its value, we target the ratio of the regression coefficients on own advertising to the regression coefficient on competitors’
advertising, i.e., 𝛽3∕𝛽4 from regression (2).37 We find a calibrated value of 𝛬 = 0.0199 (see Table F.8), which is very close to zero as
assumed in our baseline model. As a consequence, the results of our counterfactual experiments remain mostly unaffected (Table
F.9).

6.3. Other robustness checks

Two more robustness exercises complete our sensitivity analysis. First, we solve our model assuming that firms compete in prices
(à la Bertrand) and not quantities, calibrate this alternative model, and repeat our quantitative experiments. Appendix D.3 provides
the details of how the best responses of firms and the static equilibrium conditions in each industry change. The results can be found
in Tables F.10 and F.11. The advertising shutdown experiment reveals once again that advertising and innovation are substitutes at
the aggregate level. Shutting down advertising still boosts innovation, business dynamism, economic growth, and the labor share,
and average markups and markup dispersion go down. Similarly, the shutdown adversely affects initial output, as it increases static
misallocation across superstars. However, in terms of welfare, the dynamic gains slightly dominate the static losses this time. Despite
a minor gain in consumption-equivalent welfare after an advertising shutdown, the optimal advertising tax experiment reveals that
taxing advertising heavily is still preferable to shutting it down altogether.

Second, we perform robustness checks on the maximum number of productivity steps between any two firms within the industry
(𝑛̄) and on the maximum number of superstar firms per industry (𝑁̄). These parameters were set to 𝑛̄ = 5 and 𝑁̄ = 4 in our baseline
calibration. We now set 𝑛̄ = 6 and 𝑁̄ = 5, respectively, and recalibrate the model. Calibration results can be found in Tables F.12 and
F.14, and results of the counterfactual shutdown experiments are reported in Tables F.13 and F.15. The results of these experiments
are very similar to those obtained in our baseline calibration.38

7. Conclusion

Firms routinely make intensive use of innovation and advertising in order to alter their process efficiency and the perceived
quality of their products, allowing them to shift consumer demand toward themselves and gain market share in their industry.
At the aggregate level, these two forms of intangible investments account for a large share of GDP in the United States. Yet, the
interaction between them and their implications for economic growth and social welfare remain understudied in the literature.

In this paper, we have uncovered a non-monotonic empirical relationship between innovation, advertising and firms’ relative
sales, hinting at the idea that these different forms of intangibles might be used strategically by firms to gain market share against
their competitors. Motivated by this evidence, we have built a unified framework to study the interaction between advertising and
innovation in a heterogeneous-firm model in which market structure (i.e., the number of large firms and their relative productivities),
markups, and growth are all endogenous.

When calibrated to match our micro-level facts, our model predicts advertising to have important quantitative implications for
macroeconomic aggregates. Since advertising and innovation are substitutes in the calibrated model, shutting down advertising
improves the incentives of firms to innovate instead, which boosts economic growth. However, we find that advertising also
helps improve static allocative efficiency through reallocating resources towards more efficient firms, and its shutdown therefore
reduces static efficiency. On the net, static losses are larger than dynamic gains, resulting in a total welfare loss of 0.86% in
consumption-equivalent terms, implying that advertising is a useful economic activity from a social perspective.

In spite of this result, we find that advertising should be taxed, and that the welfare-maximizing linear advertising tax would
lead to a 0.64% increase in growth, a 6.43% reduction in the average net markup, and a 0.95% increase in the labor share, for an
overall increase in welfare of 0.52%. In other words, despite its positive effects on static allocative efficiency, a linear tax levied on
advertising can still improve welfare since it can reduce the excessive spending that is due to the ‘‘rat race’’ nature of advertising.
The distortion-free tax revenue raised at 1.12% of GDP is an added bonus that can lead to further welfare gains through reduced
reliance on other sources of taxation that are more distortionary for economic activity. These positive taxation results are found
to be robust across all our model extensions. Our results therefore provide a justification for the recent efforts by policymakers to
impose taxes on (digital) advertising.39 We hope that our analysis and, more broadly, our new quantitative framework, prove useful
in coming up with welfare-improving policy interventions regarding advertising and innovation.

Data availability

The authors do not have permission to share data.

37 A higher value of 𝛬 lowers the direct effect of a firm’s advertising on the perceived quality of other firms, reducing the degree of ‘‘combativeness’’.
38 See Appendix D.4 for a discussion of the results.
39 There could also be other unmodeled mechanisms that could push the results towards even higher optimal advertising tax rates, such as agency frictions

between the manager and the shareholders, short-termism, and over-advertising to diminish the impact of negative demand shocks (such as a scandal regarding

the firm or its products). Extending our framework along these dimensions could be a good avenue for future research.
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Appendix A. Supplementary data

Supplementary material related to this article can be found online at https://doi.org/10.1016/j.jmoneco.2024.103683.
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