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Abstract

We develop and test a theory of firm size and scope centered on the scalability of a firm’s
expertise, i.e. the extent to which its knowledge can be applied across multiple units (products,
markets, or locations). In the model, heterogeneous firms choose scope along with the level
and scalability of its expertise. A central mechanism of the model is the two-way feedback
between scope and scalability, which amplifies the firm’s response to changes in demand in
a heterogeneous fashion. Firms whose expertise is more scalable have endogenously higher
returns to scale, i.e. exhibit stronger responses to the same changes in demand. This also
implies that when scalability and size are positively correlated, a rise in industry demand
can increase concentration. Despite its parsimony, the model generates a rich set of testable
predictions about which firms respond more to common shocks and the margins along which
they adjust. We provide support for these predictions using data on multi-product and multi-
establishment firms across several different contexts. We show that, in line with the theory,
firms with higher size and scope exhibit stronger responses to demand changes. We also
construct a novel measure of firm-level scalability using detailed product characteristics and use
it to perform deeper and more direct tests of the theory. Finally, we show that innovations by
scalable firms tend to diffuse more quickly to other firms, suggesting that changes in scalability
can have larger effects on productivity beyond the firm.
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1 Introduction

The cross-sectional distribution of firms shows enormous variation, not only in size but also in the

extent and nature of product offerings. The largest firms in an industry are often several orders of

magnitude larger than the median firm. Some firms offer a large number of relatively standardized

products while others have more limited scope with products quite distinct from each other. What

explains this type of variation? What considerations/factors shape a firm’s decision about the scope

and nature of its product offerings? Similar questions about the range of firms’ activities arise in

other contexts. For example, a firm has to decide how many and what types of markets (similar or

unique) to enter. Similarly, firms can choose between R&D or advertising outlays that have broad

impact (i.e. will be useful throughout the firm) and more targeted ones (e.g. ones that promote

or improve a particular product line or unit). Some firms are managed centrally, whereas others

provide affiliates with more autonomy. What are the implications of these decisions for the firm size

distribution and industry concentration? How do these forces shape firms’ responses to changes in

the environment?

Motivated by these questions, we embed a novel theory of firm size and returns to scale into

an otherwise canonical model of monopolistic competition in the tradition of Hopenhayn (1992)

and Melitz (2003). Heterogeneous firms optimally choose scope (the number of ‘units’), expertise

(profitability-enhancing knowledge) and scalability (the extent to which the firm’s expertise can be

applied across its units). Higher productivity (or demand) sets off mutually reinforcing increases

in scope and scalability, which amplify the usual direct effect of higher productivity/demand. Intu-

itively, a larger scope increases incentives to invest in scalable expertise. And if expertise becomes

more scalable, adding units requires less of an investment in unit-specific expertise and therefore,

becomes more attractive. Crucially, this mechanism is more potent for firms that rely more heavily

on scalable expertise, implying that these firms have a more elastic scope margin. These more scal-

able firms tend to be larger when scalable and unit-specific expertise are gross substitutes, which

we argue is the empirically relevant case.

The model makes a number of predictions. First, total revenue is a convex function of idiosyn-

cratic productivity (both in logs). Without our mechanism, size is log-linear in productivity, as in

Melitz (2003). The intuition stems from marginal returns to scale (MRTS), which captures how

marginal costs change with scale. Here, MRTS is endogenous. For scalable firms, the ability to

increase scope with a smaller ‘cost’ in terms of foregone expertise moderates the rate at which

marginal costs rise. This induces them to make larger adjustments to overall size in response to

a given change in demand and/or productivity. Under some conditions, amplification is so power-

ful that it can generate a power law distribution in size even when the distribution of exogenous

productivity/demand is bounded.

The second prediction follows directly from this intuition – scalable firms exhibit stronger re-

sponses to common shocks. We show that, faced with a symmetric rise in industry demand, such
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firms increase their size, scope, and the scalability of their expertise by more than their less scalable

counterparts. This result has important implications for the evolution of the firm size distribution

in response to changes in the environment: to the extent that scalability and size are positively

correlated in the cross-section, a rise in industry demand leads to an increase in the relative size of

large firms, or equivalently in market concentration.

The key firm-level variable driving these results is scalability. In fact, scalability remains a suf-

ficient statistic for marginal returns to scale and responsiveness to demand shocks even when we

augment the model with additional dimensions of heterogeneity and curvature. In order to test the

theory with ‘standard’ data, we also express the predictions in terms of more easily observed vari-

ables, i.e. size and scope, making use of the theory’s predicted connection between these variables

and scalability. The model predicts that firms with higher size or scope are the most responsive to

common demand shocks.

We test these predictions using detailed establishment and product-level data from two distinct

sources. We use the Kilts-Nielsen database covering firms and products in the consumer goods

industry, and the National Establishment Time Series (NETS) covering firms and establishments

for the entire economy. The definition of scope is different depending on the data source. In the

Nielsen dataset it is defined as the number of distinct products that the firm sells and in the NETS

it is defined as the number of establishments the firm operates. We construct multiple proxies for

sectoral demand shocks. Our first proxy is based on the intensity of competition from Chinese

imports, following Autor, Dorn and Hanson (2013). Our second proxy exploits variation in home

prices across regions in the US during the housing boom and bust cycle in the 2000s, following

Mian and Sufi (2011, 2014). In all these cases – across different interpretations of scope and various

shifts in demand – we find support in the data for the central prediction of the theory: higher size

or scope is associated with a larger elasticity of size and scope with respect to the demand shock.

Next, to perform a deeper and more direct test of the theory, we construct a measure of the

scalability of expertise embedded in a firm’s product portfolio, exploiting the detailed information

about attributes of products in the Kilts-Nielsen dataset. Intuitively, our measure captures the

extent to which the products in a firm’s portfolio share common characteristics. We confront the

model’s predictions with respect to scalability, both in the cross-section and in response to shocks

and show that they line up well with the observed patterns. In particular, we show that, as predicted

by the theory, scalability is positively correlated with overall size and scope. Moreover, firms with

high scalability exhibit a greater responsiveness to shocks across three margins – size, scope and

scalability. Finally, we use this measure to test whether the pattern of scalability is informative

about the effects of demand on market concentration. We show that, in line with the theory, sectors

where scalability covaries more strongly with size experienced larger increases in concentration in

response to rising demand.

Taken together, these results reveal the ability of the model, despite its parsimony, to successfully

match a number of facts, both cross-sectional patterns as well as responses to shocks, across a
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range of settings. We also argue that the theory offers a unified framework to interpret patterns

documented by other researchers in the firm dynamics and trade literature. For example, Aghion,

Bloom, Lucking, Sadun and Van Reenen (2021) show that during the Great Recession, firms with

more decentralized management outperformed their more centralized counterparts, even controlling

for size. We view centralization of management as one manifestation of scalable, rather than

unit-specific, expertise. Our theory then predicts that centralized firms would be more sensitive

to changes in demand, in line with the observed patterns. Holmes and Stevens (2014) find that

competition from China had a more muted impact on small, specialty firms. Our model suggests

that one potential reason is that these firms use production techniques and/or knowledge that is

less scalable, making them less sensitive to demand changes.1

Scalability also has implications from a policy perspective. First, the model predicts that, as with

demand and productivity changes, scalable firms also respond more to taxes/subsidies. As such,

measures of scalability can inform targeted policy interventions. Second, scalability can interact

with, and amplify the effects of, distortions impeding resource allocation. This is particularly

relevant when scalable firms face larger distortions (e.g. due to a size-dependent policy, which

applies to larger firms but exempts smaller ones). Third, scalability of expertise can also be a

mechanism that generates spillovers across markets. A change in one market that alters a firm’s

incentive to invest in scalable expertise would also affect its activities in other markets.

Our last empirical exercise documents an interesting connection between scalability and diffusion

of knowledge. Specifically, we show that product attributes first introduced by scalable firms are

more likely to subsequently appear in their competitors’ product portfolios. This is consistent with

a simple and intuitive idea: scalability is achieved by organizing and codifying knowledge in order

to make it more readily usable across multiple products/locations/units within the firm. But, such

codification also likely makes it easier for the knowledge to be used outside the boundaries of the

firm where it originated. This positive association between scalability and diffusion has important

implications, both normative and positive. First, may lead to an externality in the choice of

scalability, if firms do not internalize benefits accruing to other firms from their expertise choices.

Second, changes in the environment which affect firms’ incentives to alter the mix of expertise (e.g.

industry demand shocks) can have additional aggregate consequences.

We make several contributions. First, we uncover a novel mechanism – centered on the en-

dogenously chosen scalability of expertise – and show that it implies heterogeneous returns to scale

and responsiveness to shocks, even in a canonical model of monopolistic competition with CES

demand and CRS production (at the product level). Second, we show that a parsimonious model

augmented with this mechanism has the potential to explain a wide range of patterns in the data,

both old and new. Third, on the empirical side, we document new facts about heterogeneity in

long-run responses to changing demand conditions. We also devise a novel measure of scalability

and demonstrate its connection to various margins of adjustment as well as diffusion of knowledge

1For more examples, see Section 5.1.
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across firms. Our analysis points to the value of incorporating such measures when forecasting the

heterogeneous effects of market-wide shocks.

Related Literature: Our analysis is related to a number of different strands in the literature on

firm heterogeneity and dynamics. On the theory side, we contribute a novel theory of endogenous

size, scope and returns to scale to the firm dynamics literature in the tradition of Hopenhayn (1992)

and Melitz (2003). A strand of this literature studies models of endogenous scope, interpreted either

as multiple product lines – as in e.g. Klette and Kortum (2004), Akcigit and Kerr (2018), Peters

(2020), Garcia-Macia, Hsieh and Klenow (2019), Bernard, Redding and Schott (2011), Dhingra

(2013), and Nocke and Yeaple (2014) – or multiple establishments, as in e.g. Luttmer (2011),

Holmes (2011), and Cao, Hyatt, Mukoyama and Sager (2020). In some of these models (though

not all), firms invest along the intensive margin (e.g. in improving the productivity/quality of each

unit). We emphasize scalability of expertise and show that scalable firms are more responsive (on

the margins of scope and overall size) to the same shock. We also show the interaction between

scope and scalability amplifies the responses to demand shocks and present new evidence in support

of this mechanism.

On the empirical front, we paint a rich and nuanced picture of heterogeneous responses to

demand shocks, complementing the well-known studies of, e.g., Mian and Sufi (2011, 2014), and

Autor, Dorn and Hanson (2013). Other papers studying the effects of demand shocks on firms

include Aghion, Bloom, Lucking, Sadun and Van Reenen (2021), Mayer, Melitz and Ottaviano

(2020), Hyun and Kim (2019), Lileeva and Trefler (2010), Bustos (2011), and Baldwin and Gu

(2009). We contribute to this body of work both by documenting new facts on the heterogeneity

in responses and by presenting a simple theory that can help explain a number of the empirical

patterns, both existing and new.

Our interest in heterogeneous responses is shared by a few other papers including Moscarini and

Postel-Vinay (2012), Fort, Haltiwanger, Jarmin and Miranda (2013), and Crouzet and Mehrotra

(2020). The object of interest in these papers is the cyclicality of large versus small firms, i.e. in

whether total employment of large firms exhibits a stronger correlation (usually, unconditional)

with aggregate economic activity than that of small firms at business cycle frequencies. We, on the

other hand, focus on medium- to long-run responses to identified demand shocks and show, both

theoretically and empirically, how these responses vary by scalability, scope and size. Our finding

that large, scalable firms are the most responsive echoes that of Holmes and Stevens (2014). We also

connect to the recent literature on rising concentration in the US economy, e.g. Autor, Dorn, Katz,

Patterson and Van Reenen (2020) and Barkai (2020). Rossi-Hansberg et al. (2021), Hsieh and Rossi-

Hansberg (2020), and Benkard, Yurukoglu and Zhang (2021) show that this rise has been fueled

by expansion of scope (across geographic or product markets) by the largest firms. Several recent

papers argue that advancements in information and communication technologies (ICT) may have

facilitated the rise of large firms, e.g. Hsieh and Rossi-Hansberg (2020), Aghion, Bergeaud, Boppart,
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Klenow and Li (2019), De Ridder (2019), Mariscal (2018), Rubinton (2020), and Lashkari, Bauer

and Boussard (2018). Indeed, ICT is one example of scalable investment. While these papers have

focused on the consequences of a reduction in the cost of ICT technologies, we highlight a different

mechanism—that a common increase in demand can, on its own, increase concentration because

more scalable firms respond more strongly to the increase in demand. Further, we view our notion of

scalable expertise as capturing a broader variety of investments beyond ICT, including management

practices, brand building, customer capital, or product features (as we pursue in our own empirical

exploration). Our theory is tied concretely to scope, which helps to provide an intuitive way to

map the theory to data, and allows us to test the theory directly and indirectly.

The rest of the paper is organized as follows. Section 2 presents our theoretical model and its

predictions. We discuss the data and construction of key variables in Section 3 and confront the

predictions of the theory with the data in Section 4. Section 5 discusses the role of the theory of

scalable expertise within the literature studying firm heterogeneity and dynamics as well as its policy

implications, and explores the relationship between scalability and diffusion. Section 6 concludes.

2 Model

This section presents a simple theory in which heterogeneous firms choose the scope and size of

their operations. The model makes a number of predictions about features of the cross-sectional

distribution, how firms differ in their responses to shocks, and the relationship between scalability

and concentration. In the following sections, we take these to data on multi-product and multi-

establishment firms.

Our starting point is the canonical model of monopolistic competition by heterogeneous firms

widely used in macroeconomics and trade. Firm i in sector j produces a composite output that is

a CES aggregate of a continuum of products (index: u):

Qij =

[∫ Nij

0

(Quij)
1− 1

ε du

] ε
ε−1

,

where Quij denotes the quantity of product u, Nij the (endogenous) measure of products and ε is

the elasticity of substitution across products.

The composite output of sector j is also a CES aggregate of the firm-level composites, with

elasticity of substitution θ. This structure implies that firm i faces the following demand function

for product u:

Quij =

(
Puij
Pij

)−ε(
Pij
Pj

)−θ
Qj ,

where Qj denotes sector-wide output while Pj and Pij are the ideal price indices for the sector and
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the firm respectively. Production is linear in labor input Luij, i.e.

Quij = AijZuijLuij .

The productivity of the firm has an exogenous (firm-specific) component, Aij and an endogenous

part, Zuij, which we will refer to as expertise and describe in detail later. The firm also incurs a

fixed cost of operating that depends on the measure of products it offers, Fj(Nij). Appendix A.1

shows that the profits of the firm (revenues net of wages) are given by:

Πij = Gj

(∫ Nij

0

(AijZuij)
ε−1du

) θ−1
ε−1

−Fj(Nij) (1)

where Gj is a common (i.e. sector-wide) equilibrium coefficient that scales firms’ profits.

In what follows, we lighten notation by suppressing the sector subscript j.

Expertise We model expertise as a productivity shifter, but interpret it more broadly as capturing

all forms of knowledge that allows the firm to operate more efficiently, i.e. extract more value from

their inputs. Importantly, the expertise relevant to a particular product is a combination of two

types of knowledge – scalable (or firm-wide) or local (u-specific). The former, denoted xij, is

applicable to all the products of the firm, while the latter, denoted yui, reflects knowledge that is

unique to a particular product.

Formally, Zui = Z(xi, yui), where Z(x, y) is increasing in both arguments. This flexible formula-

tion can accommodate various interactions between the two forms of knowledge. One feature that

will play a prominent role in our analysis is the extent to which the two are substitutable.2 We

impose that Z(x, y) is homogeneous of degree 1, i.e. it can be expressed as Z(x, y) = yz(k) where

k ≡ x
y

and z(k) ≡ Z(k, 1). We refer to the ratio k as a firm’s scalability ratio.

Expertise is costly. In the next subsection, we consider a tractable specification for these costs

– a capacity constraint – before turning to a more general formulation in Section 2.2.

2.1 Special Case

In this subsection, we make a number of simplifying assumptions that allow us to demonstrate the

key economic forces at work in a clean and transparent fashion. In the next subsection, we will relax

these assumptions and show that the key results obtain in a more general setting as well. First, we

2The formulation Z(x, y) can also accommodate other interesting cases. For example, consider a setting where a
firm’s expertise is embodied in product characteristics. Scalable expertise might then correspond to characteristics
that are common across products. In such a setting, if consumers value variety in product characteristics, they will
place a lower value on a product portfolio weighted towards scalable expertise.
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set θ = ε = 2 and F(Ni) = FNi, which simplifies the expression for profits in (1) to

Πi = G

∫ Ni

0

AiZuidu− FNi (2)

Next, the cost of expertise is assumed to take the form of a capacity constraint:

xi +

∫ Ni

0

yui du ≤ 1 (3)

One interpretation of this formulation is that expertise requires managerial attention, which is

limited. Finally, we assume that scalable and local components enter a firm’s expertise with a

constant elasticity:

Assumption 1 Expertise is a constant elasticity function of scalable and local components

Zui = Z(xi, yui) =
(
x
σ−1
σ

i + y
σ−1
σ

ui

) σ
σ−1

σ < 2 .

The upper bound on σ is necessary for an interior solution.

The firm’s problem Firm i’s problem can thus be written as:

max
Ni,xi,yui

G

∫ Ni

0

AiZ(xi, yui)du− FNi s.t. xi +

∫ Ni

0

yui du ≤ 1 (4)

We begin by noting that, at the optimum, the firm will choose the same level of expertise for

all its products, i.e. Zui = Zi, or equivalently, yui = yi, which simplifies the problem to

max
Ni,xi,yi

G AiNiZ(xi, yi)du− FNi s.t. xi +Niyi ≤ 1 (5)

We next reduce the firm’s problem as a choice over two dimensions. Since the constraint xi+Niyi =

yi(ki + Ni) ≤ 1 will bind at the optimum, we can set yi = 1
ki+Ni

where ki ≡ xi/yi is the scalability

ratio. This implies that expertise can be expressed as Z(xi, yi) = yiz(ki) = z(ki)
ki+Ni

. The firm’s

problem thus reduces to a choice over scope and the scalability ratio:

max
Ni,ki

G AiNi
z(ki)

ki +Ni

− FNi (6)

The solution is characterized by the following first-order conditions:

ki :
kiz
′(ki)

z(ki)
=

ki
ki +Ni

≡ Si (7)

Ni : GAi
z(ki)

ki +Ni

− F = GAi
Ni

ki +Ni

z(ki)

ki +Ni

, (8)
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Equation (7) equates the cost and benefits of making expertise more scalable (for a given scope

Ni). The right hand side of the equation is the share of capacity devoted to scalable expertise,
ki

ki+Ni
= xi

xi+Niyi
, which we denote as Si. At the optimum, Si is equated to the elasticity of expertise

to scalable knowledge, kiz
′(ki)

z(ki)
= xZx

Z
= k

σ−1
σ

k
σ−1
σ +1

. This elasticity is increasing (decreasing) in ki if the

elasticity of substitution between the two forms of expertise, σ, is larger (smaller) than 1. In other

words, the share Si and the scalability ratio ki are positively (negatively) related when x and y are

gross substitutes (complements).

Equation (7) can also be rearranged as a relationship between scope and the scalability ratio:

Ni =
z(ki)− kiz′(ki)

z′(ki)
(9)

The expression on the right-hand side of (9) is the marginal rate of substitution Zy
Zx

. Thus, at the

optimum, the firm equates the marginal benefit of increasing the scalable component of expertise,

NZx, to that of the non-scalable component NZy
N

= Zy. Note that the marginal rate of substitution
Zy
Zx

is increasing in the scalability ratio ki, so this equation describes a positive relationship between

scope and scalability. Let K(N) denote the optimal choice of k for a given choice of scope. Note

that d lnK
d lnN

= d ln k

d ln
Zy
Zx

= σ.

Given a scalability ratio, equation (8) determines the optimal scope. Here, the firm faces a

tradeoff: larger scope means more units to bring in profit (net of fixed costs), but at the cost of

lower expertise. Since capacity is fixed, raising scope (holding the scalability ratio constant) requires

cutting back on expertise. This equation can be rearranged to yield the following relationship

between scope and ki:

Ni = N(ki;Ai) ≡ ki

[(
GAi
F

z(ki)

ki

)1/2

− 1

]
. (10)

The left panel of Figure 1 shows the two curves, (9) and (10), on a log-log plot. The solid line

displays (9), while the dashed ones show (10) for two levels of Ai. As mentioned earlier, the slope

of the solid line is 1
σ
. The dashed line can be hump-shaped, but, an interior solution will always be

in the upward sloping part.

The panel also depicts how the optimal choice of scalability and scope amplify exogenous differ-

ences in productivity (or equivalently, demand). A higher Ai leads the dashed line to shift upward

(note that the solid line, which depicts equation (9), is independent of Ai). The arrows show suc-

cessive rounds of adjustment. Higher productivity induces a larger scope, holding the scalability

ratio fixed (the first vertical arrow). This in turn leads to an increase in the scalability ratio (the

first horizontal arrow), which feeds back into further scope increases and so on.

This amplification mechanism can turn explosive under some conditions – specifically, for high

enough σ and/or Ai. In these cases, the firm finds it optimal to set ki, Ni →∞. Intuitively, if the

two types of expertise are very substitutable and the exogenous productivity is sufficiently high, the
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Figure 1: Scalability and Scope

Substitutes (σ > 1) Complements (σ < 1)

(a) Scalability Ratio and Scope (a) Scalability Ratio and Scope
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Note: The dashed line in panel (a) plots (9), while the solid lines plot (10) for two values of Ai. The solid lines in
(b) plot revenue R (k,N(k;Ai);Ai), as a function of the scalability ratio for two different values of Ai. In the left two
panels (Substitutes), we use σ = 1.5 and GAi

F = 0.2 and GAi
F = 0.4 for the two solid lines. For the right two panels,

the corresponding values are σ = 0.67, GAi
F = 10 and GAi

F = 20.

incentives to substitute towards scalable expertise are very strong, to the point where we no longer

have an interior solution. For now, we abstract from this possibility – in the more general version,

this will be precluded with appropriate restrictions on primitives.

To show this amplification formally, we first express the optimal scope using the functions, K(·)
and N(·), as Ni = N(K(Ni);Ai). Differentiating implicitly with respect to Ai and rearranging gives:

d lnN

d lnA
=
∂ lnN
∂ lnA

+
∂ lnN
∂ ln k

d lnK
d lnN

d lnN

d lnA

⇒ d lnN

d lnA
=

∂ lnN
∂ lnA

1− ∂ lnN
∂ ln k

d lnK
d lnN

(11)

The denominator in the expression in (11) shows the amplification. Since d lnK
d lnN

> 0 and, at any
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interior optimum, ∂N
∂k

> 0, an increase in Ai sets off the sequence of mutually reinforcing changes

we saw in the figure.

We can use (10) to derive3

∂ lnN
∂ ln k

=
1

2
(12)

∂ lnN
∂ lnA

=
1

2

1

1− Si
. (13)

Equation (13) shows that firms who use a relatively larger share of their capacity for scalable

expertise (high Si) adjust their scope by more in response to changes in A (holding the ratio ki

constant). Intuitively, increasing scope involves not only an additional fixed cost F but also requires

an investment in unit-specific expertise. Since capacity is fixed, this leads to a trade-off between

scope and expertise. When capacity is used mostly for scalable expertise (Si is high), increasing

scope exerts less pressure on the capacity constraint, i.e. induces a smaller reduction in expertise.

In other words, high Si firms face a lower effective cost of adding units and, therefore, have a more

elastic scope margin. As we will show, this intuition extends to a more general setting: firms that

devote a larger share to scalable expertise will adjust their scope by more in response to changes in

demand.

Finally, we note that d lnK
d lnN

= σ. Using this, (12), and (13), (11) can be expressed as:

d lnN

d lnA
=

∂ lnN
∂ lnA

1− σ
2

=
1

2− σ

(
1

1− Si

)
> 0 . (14)

Thus, the elasticity of scope w.r.t productivity is increasing in the scalable share, Si. Recall that

when σ > 1, the scalable share Si is positively related to the scalability ratio ki. In this case, the

empirically relevant one, the elasticity of scope is increasing in ki.

This intuition directly extends to the responsiveness of the scalability ratio itself:

d ln k

d lnA
= σ

d lnN

d lnA
=

σ

2− σ

(
1

1− Si

)
> 0 .

Next, we turn to the effect of productivity on revenue Ri = GAi
Niz(ki)
ki+Ni

≡ R(ki, Ni;Ai). Changes

3To derive (12), re-arrange (8) as (k+N(k;A))2

kz(k) = GA
F , take logs and differentiate implicitly to obtain 2

k+N ∂ ln N
∂ ln k

k+N −
1− kz′(k)

z(k) = 0. Solving for ∂ lnN
∂ ln k and noting that kz′(k)

z(k) = S from (7) yields

∂ lnN
∂ ln k

=
1
2 (1 + S)− k

k+N
N
k+N

=
1
2 (1 + S)− S

1− S
=

1

2
.
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in productivity has both direct and indirect effects on this object:

d lnR

d lnA
=
∂ lnR
∂ lnA︸ ︷︷ ︸

=1

+
∂ lnR
∂ ln k︸ ︷︷ ︸

=0

d ln k

d lnA︸ ︷︷ ︸
>0

+
∂ lnR
∂ lnN︸ ︷︷ ︸
>0

d lnN

d lnA︸ ︷︷ ︸
>0

The first term is the direct effect, while the other two terms capture the indirect effects (arising

through induced changes in scope and scalability). Since k is chosen to maximize z(k)
k+N

, an envelope

argument implies that, at the optimum, ∂ lnR
∂ ln k

= 0.

The last term reflects the effect of a change in scope on revenue. Scope directly raises revenue,

but also comes at the cost of lower expertise. The former dominates, so ∂ lnR
∂ lnN

> 0. More importantly,

the reduction in expertise from increased scope is smaller when the share of scalable expertise is

high.

∂ lnR
∂ lnN

= 1− Ni

ki +Ni

= Si .

Along with (14), this implies the total effect of productivity on revenue is given by:

d lnR

d lnA
= 1 +

1

2− σ
Si

1− Si
> 0.

Thus, scalable firms, i.e. those with high Si, adjust their overall size by more to a given change

in productivity. This will play an important role in shaping the firm size distribution, as we will

discuss in more detail below.

We summarize these results in the following proposition:

Proposition 1 Firms with higher productivity have higher scalability, scope, and total revenue.

The impact of productivity on revenue per unit is more subtle. As with total revenue, there are

direct and indirect effects. The direct effect is equal to ∂ lnR
∂ lnA

= 1. The indirect effect (stemming

from the change in scope) is negative. If σ < 1, the direct effect dominates so revenue per unit

rises with productivity. On the other hand, if σ > 1, the feedback mechanism amplifying scope and

scalability changes is so powerful that the indirect effect dominates. However, when we move to the

more general model below, revenue per unit may rise even if σ > 1.

Response to Common Shocks

Next, we show that the forces discussed above also influence how firms respond to a common shock.

Specifically we will analyze the effects of an increase in G, the sector-wide profit shifter. This can

stem, for example, from an increase in industry demand (which is not entirely absorbed by the

entry of new firms). We will show that firms differ systematically in their responses to this common

shock, both in terms of the magnitude and the margins of the response.
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Figure 2: Response to a Shock

Substitutes (σ > 1) Complements (σ < 1)

(a) Scalability Ratio and Share (b) Scalability Ratio and Share

Log x/y

Lo
g
S

Low G

Mid G

High G

Log x/y

Lo
g
S

Low G

Mid G

High G

(b) Scalability Ratio and Scope (b) Scalability Ratio and Scope

Log x/y

Lo
g
N

Low G

Mid G

High G

Log x/y

Lo
g
N

Low G

Mid G

High G

(c) Scalable Share and Scope (c) Scalable Share and Scope

Log
S

1 - S

Lo
g
N

Low G

Mid G

High G

Log
S

1 - S

Lo
g
N

Low G

Mid G

High G

Note: The dashed lines in (a) plot (16), while the solid line depicts (15). Panel (b) shows (9) in logs, while the
relationship in (c) is derived from (7). In the left panels (Substitutes), we use σ = 1.5 and GAi

F = 0.2, GAi
F = 0.4

and GAi
F = 0.8 for the Low G, Mid G and High G lines. For the right panels, the corresponding values are σ = 0.67,

GAi
F = 10, GAiF = 20 and GAi

F = 40.
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Figure 2 shows the response of key variables to a change in G. The three left panels show the

case where σ > 1, while the right panels show the same variables when σ < 1. In each panel, the

dashed lines correspond to three equally spaced levels of (log) industry demand: going from the

Low G line to the Mid G line represents the same change in lnG as going from Mid G to High G

.4 The horizontal axis of each panel is the scalability ratio, k.

The top panels show the effect of G on the (logs) of the scalability ratio and the scalable share

S. The solid line shows combinations of k and S that are consistent with the optimal choice of

scalability, i.e. equation (7). The dashed lines show the combinations of k and S consistent with

the optimal choice of scope. Formally, the lines are obtained by expressing (7)-(8) as follows:

lnSi = ln
kiz
′(ki)

z(ki)
(15)

lnSi = −1

2
ln

(
z(ki)

ki
Ai

)
− 1

2
ln

(
G

F

)
, (16)

The right hand side of (15) is the elasticity of expertise to the scalable component, i.e. xZx
Z

. This is

increasing (decreasing) in the scalable ratio ki when the two types of expertise are relatively com-

plementary (substitutable). In other words, (15) defines a positive (negative) relationship between

k and S when σ is smaller (larger) than 1. These two cases are depicted in the two top panels of

Figure 2. The right hand side of (16) is increasing in ki for all σ, so the dashed lines are increasing

in both panels. Their curvature does depend on σ – the curves are concave (convex) when σ is

larger (smaller) than 1.

What happens when G rises? Equation (15) remains the same. Since G enters (16) log-linearly,

increases in lnG induce parallel, downward shifts in the dashed line. In both the left and right panels,

this raises the scalability ratio, working through the same channels we discussed in the context of

changes in idiosyncratic productivity. However, the effect on the scalable share Si depends on

σ: when σ > 1 (the left panel), the incentives to shift capacity towards scalable expertise are very

strong, resulting in their share rising with G. The opposite happens when the two types of expertise

are relatively complementary (σ < 1, the right panel).

More importantly, the figure shows that these adjustments are systematically larger when the

share S is high to begin with. This occurs in both panels – towards the right side of the graph,

i.e. at higher levels of k in the substitutes case, and at lower k when the two forms of expertise are

relatively complementary. The intuition is closely related to the one discussed above – a larger share

of capacity being used for scalable expertise implies that increases in scope come at a relatively

lower cost in terms of foregone expertise, which makes the scope margin relatively more elastic.

This intuition is displayed in the remaining panels of the figure. The middle panel shows that the

magnitude of the changes in scope are increasing (decreasing) in the scalability ratio k when the

two types of expertise are substitutable (complementary). The bottom panel depicts the changes in

4The parameter values are the same as for Figure 1.
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scope and a transformation of the share S. It shows that, for all σ, a higher share (or equivalently,

a higher S
1−S = (σ − 1) k) is associated with larger percentage changes in scope (as well as in S

1−S ).

The above discussion focuses on the differences between going from Low G to Mid G and from

Mid G to High G. But, it is easy to see that the same logic also extends to the cross-section: these

forces also induce heterogeneous responses to a common change in G. Specifically, firms with a high

scalable share Si make larger adjustments to scope and scalability ratio in response to common

shocks. Formally,

d lnNi

d lnG
=

1

2− σ

(
1

1− Si

)
d ln ki
d lnG

=
σ

2− σ

(
1

1− Si

)
(17)

Finally, we can also characterize the effects of the common shock on total size.

d lnRi

d lnG
= 1 +

1

2− σ

(
Si

1− Si

)
. (18)

Thus, the response of total revenue also rises with Si. The intuition is similar to the effects of

the firm-specific productivity shifter Ai. The following proposition collects these results.

Proposition 2 Firms with a higher scalable share exhibit higher elasticities of scalability, scope,

and size to common demand shocks. If σ > 1, these firms have higher ki, so the elasticities of

scalability, scope, and size are rising in scalability.

Marginal Returns to scale

Underlying these results is the way in which scalable expertise determines a firm’s marginal returns

to scale. We define this as the negative of the elasticity of marginal cost with respect to output:

MRTSi ≡ −
Qic

′′
i (Qi)

c′i(Qi)
,

where ci(Qi) denotes firm i’s cost function.

A higher MRTS means that marginal cost rises more slowly with output, which in turn implies

a larger response of output and revenue to demand. To see this formally, consider a firm that faces

an iso-elastic demand function Qi = DiP
−θ
i , where Di is a demand shifter. The firm chooses output

Qi to maximize profit, D
1
θ
i Q

θ−1
θ

i − ci(Qi). The optimality condition is θ−1
θ
D

1
θ
i Q
− 1
θ

i = c′i(Qi). The

change in output in response to a change in the demand shifter is

d lnQi

d lnDi

=
1

1 + θ
Qic′′i (Qi)

c′i(Qi)

=
1

1− θ ·MRTSi
.
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It follows that the response of total revenue to a change in Di is given by

d lnD
1
θ
i Q

θ−1
θ

i

d lnDi

=
1

θ
+
θ − 1

θ

d lnQi

d lnDi

=
1

θ
+
θ − 1

θ

(
1

1− θ · MRTSi

)
,

That is, for a given the curvature of demand, returns to scale are sufficient to determine responses

of output and revenue to a change in demand.5

In our setting, each firm has many products so output here refers to the composite good Qi =(∫ Ni
0
Q

ε−1
ε

iu du
) ε
ε−1

. Noting the symmetry across products, the cost of producing Qi solves:

ci(Qi) = min
xi,yi,Ni,Li,Qiu

NiWLi + FNi ,

subject to the capacity constraint xi + Niyi ≤ 1, technology AiZ(xi, yi)Li ≤ Qiu, and within firm

aggregation Qi ≥ N
ε
ε−1

i Qiu. In this version of our model (with ε = 2), the marginal returns to scale

is given by (see Appendix A.3 for details):

MRTSi = −Qic
′′
i (Qi)

c′i(Qi)
=

Si
2− (1− Si)σ

=
1

2−σ
Si

+ σ
. (19)

which is increasing in Si. Intuitively, a higher Si means the firm can increase scope with a smaller

‘cost’ in terms of foregone expertise. This moderates the rate at which its marginal costs rise with

scale. This is stated formally in the following result:

Proposition 3 Firms with higher scalable share of expertise have higher marginal returns to scale.

The Size Distribution

The cross-sectional distribution of firms shows enormous variation in size. Understanding the

sources of this variation is a classic question in economics, and has attracted renewed interest given

recent increases in concentration.

In this subsection, we show how scalability of expertise shapes the firm size distribution. It

essentially amplifies the effects of productivity on size: as productivity rises, firms endogenously

change the composition of their expertise (as well as scope), which results in a more pronounced

increase in size. This effect is more powerful at higher levels of productivity, inducing a convex

relationship between size (total revenue) and productivity (both in logs). In contrast, the standard

Hopenhayn-Melitz framework with iso-elastic demand leads to a log-linear relationship between

total revenue and productivity. The following result states this formally.

5There are other notions of returns to scale in the literature. One common measure, used e.g. by Lashkari et
al. (2018), is the ratio of average cost to marginal cost, or equivalently the reciprocal of the elasticity of total cost
with respect to output. As discussed in Lashkari et al. (2018), this object, along with the markup, determines
the revenue-to-cost ratio for the firm. Our notion of returns to scale, on the other hand, is the relevant one for
characterizing responsiveness to demand shocks.
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Proposition 4 If σ > 1, size is strictly convex in productivity (both in logs), i.e. d2 lnR
d(lnA)2

> 0.

Under some conditions, this mechanism can even generate an unbounded size distribution – in

particular, one following a power law – from a bounded productivity distribution. This requires

additional assumptions on the productivity distribution. We begin with the following definition.

Definition 1 A probability distribution function H(A) has a constant right elasticity at upper bound

Ā if limA↗Ā
log[1−H(A)]

log[1−A/Ā]
= κ.

One example of a such a distribution function is the beta distribution with bounds A and Ā and

parameters η and κ.6 The next result states the conditions under which we obtain a power law

distribution in size.

Proposition 5 Suppose that σ > 1 and that Ai is distributed according to a distribution with a

constant right elasticity at upper bound Ā, where Ā ≤ A∗ ≡ F
GZx(1,0)

. Then,

1. If Ā < A∗, then the distribution of revenue is bounded.

2. if Ā = A∗, then the size distribution is unbounded and follows a power law:

lim
R→∞

log Pr (Size > R)

logR
= −κ(σ − 1)

Thus, the amplification from the optimal choice of scalability and scope generates firms of

unbounded sizes despite a finite upper bound for productivity. Of course, this result is somewhat

special7, but it serves as a stark illustration of the potential of scalable expertise to amplify small

differences in productivity into enormous differences in firm size.

Growth and Concentration

There has been much interest in rising concentration of late, driven by recent trends in the US data

over the past few decades. Here, we show how scalability of expertise induces a rise in concentration

in response to a common increase in demand. This occurs because, when the two types of expertise

are gross substitutes, the largest firms are also the most scalable and therefore, respond most to the

higher demand and gain market share at the expense of their smaller, less scalable counterparts.

Proposition 6 Let σ > 1. For a fixed set of firms, an increase in G leads to a first order stochas-

tically dominant shift in the distribution of revenue shares among those firms.

6The beta distribution has density h(A) = Γ(η+κ)
Γ(η)Γ(κ)

(A−A)η−1(Ā−A)κ−1

(Ā−A)η+κ−1 .
7In the general model presented below, the power law result requires, in addition to the restriction on the upper

bound Ā, two knife-edge assumptions on curvature parameters, φω + ψ
µγ = 1 and φ = ψ

µ . Nevertheless, the underlying
force remains present in the more general setting, leading to larger size gaps among higher productivity firms than
among lower productivity firms (for the same productivity gap).
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This follows directly from two facts (i) firms with more revenue have expertise that is more scalable

(Proposition 1) (ii) firms whose expertise is more scalable experience a larger increase in revenue

in response to the common shock (proposition 2).

This naturally has important implications for concentration. In particular, it implies that a

symmetric demand increase will raise concentration – more precisely, any measure of concentration

that depends only on the distribution of sales shares and rises with a shift in sales from a lower-

ranked firm to a higher-ranked firm. This includes several commonly used measures like the Gini

coefficient, the Herfindahl-Hirschman Index, and concentration ratios.

Corollary 1 Let σ > 1. Among a fixed set of firms, a common increase in G raises the concentra-

tion of sales among those firms.

2.2 General Model

In this subsection, we analyze a more general version of the model. Specifically, we relax the

assumptions on curvature and heterogeneity made in the previous subsection. The firm’s problem

is now given by:

max
xi,yi,Ni

GNφ
i (AiZ(xi, yi))

ψ − FNω
i −H · [x

µ
i +Niy

µ
i ]γ . (20)

There are several differences relative to the version analyzed in the previous subsection: (i) arbitrary

elasticities of substitution both across products of a given firm as well as across composite goods of

different firms within a sector (these are not necessarily equal to each other, so φ = θ−1
ε−1
6= 1)8 (ii) a

more flexible specification for the fixed operating costs, F(Nij) (iii) expertise is now subject to an

explicit cost (instead of a capacity constraint) and (iv) the function Z(x, y) is no longer restricted to

be of the CES form (the only restriction is that it is CRS). Note that this more general formulation

nests the previous one with the parameters φ = ψ = ω = 1 and γ →∞.

We begin by imposing regularity conditions. Let σ(x/y) be the elasticity of substitution between

x and y – note that for a general CRS function Z(x, y), the elasticity is a function of the scalability

ratio x/y. Let σ̃ (x̃/ỹ) be the elasticity of substitution associated with the transformed CRS function

Z̃ (x̃, ỹ) ≡ Z
(
x̃1/µ, ỹ1/µ

)µ
. As we show in Appendix A.6, the two objects σ and σ̃ are related by

σ̃(k)−1
σ̃(k)

= 1
µ

σ(k1/µ)−1

σ(k1/µ)
. Note that σ̃ is between 1 and σ, and approaches 1 as µ grows large.

Assumption 2 The parameters of the model satisfy

(i) 1 > φ
ω

+ ψ
µγ

.

(ii) σ̃ ≤ 1 + ω.

8In Appendix A.2, we present a version in which a firm’s productivity varies exogenously across its products.
When such variation follows a power law, consistent with the evidence in Bernard, Redding and Schott (2011), the
firm’s objective takes the same reduced form as (20).
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(iii) If σ > 1 then φ ≥ ψ/µ.

These restrictions are sufficient to guarantee there is a unique solution to the problem and that

the solution is interior (see Appendix). Assumption 2(i) ensures that the curvature of cost of scope

and expertise is larger than the curvature of the corresponding benefit. Assumption 2(ii) ensures

that the feedback between increasing scope and increasing scalability is not explosive. Assump-

tion 2(iii) ensures that the feedback between reducing scope and increasing local knowledge is not

explosive.

As in the special case, firms with higher productivity or that face increased demand raise size,

scope and scalability ratio. Whether they raise the share of scalable expertise, Si ≡ xµi
xµi +Niy

µ
i

depends

on whether scalable and local expertise are gross substitutes or complements.

Proposition 7 Suppose Assumption 2 holds. Then

1. Firms with higher Ai have higher size, scope, and scalability ratio. They also have higher

scalable shares if σ > 1.

2. Firms respond to an increase in demand by raising size, scope, and scalability ratio: d lnR
d lnG

> 0,
d lnN
d lnG

> 0, and d lnx/y
d lnG

> 0. The scalable share S also rises if σ > 1.

Note that the primitive heterogeneity is in the form of a ‘level’ shifter, Ai, which interacts with

the various sources of curvature (which are assumed to be homogeneous across firms) to generate

endogenous heterogeneity in effective curvature (rather than imposed exogenously). Moreover, even

with all these rich interactions, responses to shocks are governed by a single variable, the scalable

share of expertise. That is, a firm’s scalable share of expertise is a sufficient statistic for how its

size, scope, and scalability change with demand.9

Proposition 8 Scalability ratio is a sufficient statistic for the elasticities of scope, size, size per

unit, scalability ratio, and the scalable share of expertise to demand.

We now restrict attention to the empirically relevant region of the parameter space

Assumption 3 We assume that 1 < σ̃ < 1+ φ

1− ψ
µγ

, and that σ is non-decreasing in scalability ratio.

Proposition 9 Suppose Assumptions 2 and 3 hold. In response to the same change in G, firms

with higher scalability ratio (or, equivalently, higher scalable share) have larger changes in size,

scope, scalability ratio, and the scalable share:

d

d(x/y)

(
d lnR

d lnG

)
> 0,

d

d(x/y)

(
d lnN

d lnG

)
> 0,

d

d(x/y)

(
d lnx/y

d lnG

)
> 0,

d

d(x/y)

(
d ln S

1−S

d lnG

)
> 0

d

dS

(
d lnR

d lnG

)
> 0,

d

dS

(
d lnN

d lnG

)
> 0,

d

dS

(
d lnx/y

d lnG

)
> 0,

d

dS

(
d ln S

1−S

d lnG

)
> 0

9As we will show in Section 2.3, this property turns out to be robust to richer heterogeneity in level shifters.
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In many settings, it may not be possible to directly observe a firm’s scalability ratio or scalable

share. Nevertheless, if σ > 1, then firms with higher scalability also have higher size and scope.

A simple consequence of Proposition 9 is that firms with higher size or scope will exhibit stronger

responses to the same increase in demand.

Corollary 2 Suppose Assumptions 2 and 3 hold. In response to the same change in G, firms with

higher size or higher scope have larger changes in size, scope, scalability ratio, and scalable share of

knowledge:

d

dR

(
d lnR

d lnG

)
> 0,

d

dR

(
d lnN

d lnG

)
> 0,

d

dR

(
d lnx/y

d lnG

)
> 0,

d

dR

(
d ln S

1−S

d lnG

)
> 0

d

dN

(
d lnR

d lnG

)
> 0,

d

dN

(
d lnN

d lnG

)
> 0,

d

dN

(
d lnx/y

d lnG

)
> 0,

d

dN

(
d ln S

1−S

d lnG

)
> 0 .

2.3 Adding More Heterogeneity

In this subsection, we allow for richer heterogeneity across firms. The firm’s objective is now

assumed to be given by:

πi = max
N,x,y

GNφ(AiZ(x, y))ψ − FiNω −Hi

[(
x

axi

)µ
+N

(
y

ayi

)µ]γ
Relative to the baseline version in Section 2.1-2.2, now firms are also allowed to vary in the cost of

introducing additional units, Fi, in the overall cost of expertise, Hi, as well as in the cost of each

type of expertise, through the parameters axi and ayi .

These additional dimensions of heterogeneity break the one-to-one mapping between size, scope,

and scalability in the cross-section. Nevertheless, the respective elasticities of size, scope, scalability

ratio, and the scalable share with respect to demand are exactly the same as in Section 2.2. In

particular, the scalable share of expertise (or equivalently scalability ratio) remains a sufficient

statistic for these elasticities. Under Assumptions 2 and 3, in response to the same change in

demand, firms with higher share of scalable expertise (or equivalently more scalable firms) have

larger increases in size, scope, and scalability ratio. That is, Propositions 8 and 9 continue to hold.

We next turn to the implications for concentration of rising industry demand. Recall that, in

the general model with σ > 1, a common rise in demand had a disproportionate effect on the largest

firms because they were the most scalable. With additional dimensions of heterogeneity, scalability

still drives responsiveness to demand but is not necessarily tightly linked to size. Nevertheless,

how scalability covaries with size carries information about the effect of demand on concentration.

Loosely speaking, the stronger the positive association between scalability and size, the larger is

the response of concentration to a common demand shock.
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To state this formally, we first define a partial ordering of how scalability covaries with size.

We will say that scalability covaries more strongly with size in industry 1 compared to industry 2

if the marginal distributions of size and of scalability are the same, and if for any level of size, R,

the distribution of scalability among firms in industry 2 with size weakly less than R first order

stochastically dominates the distribution of scalability among such firms in industry 1. The ordering

is strict if the stochastic dominance is strict for some R. Intuitively, this ordering captures the effect

of moving scalability from smaller to larger firms holding the marginal distributions fixed.

Proposition 10 For any admissible measure of concentration of size, the same increase in G will

raise concentration of size (among a fixed set of firms) by more in the industry in which the scalable

share of expertise covaries more strongly with size.

3 Data

We use product and establishment-level data to validate the theory. In this section, we provide

details on the datasets, the various measures that characterize firms’ heterogeneity, and the con-

struction of measures of common shocks.

3.1 Datasets

3.1.1 Product data

We use comprehensive data for firms and products sold in the consumer goods industry from 2006 to

2015 collected by the Nielsen Retail Measurement Services (RMS) and provided by the Kilts-Nielsen

Data Center at the University of Chicago Booth School of Business. This data set is collected from

point-of-sale systems in grocery, drug, and general-merchandise stores. The consumer product goods

industry accounts for 14% of the total consumption of goods in the U.S.10 The Nielsen RMS data

set covers about 40% of the sales of the industry, and nearly the universe of firms and products in

the industry.

We link products to firms by using information obtained from GS1 US, the single official source of

barcodes. Appendix B provides detailed information on the Nielsen RMS and GS1 US datasets. The

combined data set includes detailed information about the characteristics of each firms’ product;

most notably, it includes information on the product’s attributes, well-measured quantities, and

revenue. The original RMS data set consists of more than one million distinct products identified

by barcodes, making it possible to track product sales and prices over time and at a very detailed

level. Barcodes are organized into a hierarchical structure. Each barcode is classified into one

of the 1070 product modules, that are organized into 104 product groups. We follow Hottman,

10This industry includes non-durables (also known as consumer packaged goods) and semi-durable goods. It
excludes consumer durables, producer intermediates, and producer capital.

20



Redding and Weinstein (2016) and Argente, Lee and Moreira (2020) and define sectors based on

the classification of product group, which is more detailed than a 4-digit level of Standard Industrial

Classification (SIC). We use the detailed product attributes, such as information about a product’s

size, packaging, formula, and flavor to measure the degree of scalable expertise across firms.

For our analysis, we explore changes in size over time at the firm-level within sector. Thus,

for each firm-sector-year combination, we compute total sales, total products and average sales per

product. We also make use of various measures capturing entry and exit of firms and products, as

well as data on location of stores selling the products when creating measures of shocks.

3.1.2 Establishment data

We use data covering firms and establishments covering all sectors from 1990 to 2016 obtained from

the National Establishment Time Series (NETS). The NETS data set consists of longitudinally

linked Dun & Bradstreet establishment-level data.11 NETS provides yearly employment and sales

information for ‘lines of business’ in a specific location (similar to the definition of an establishment).

Each establishment is assigned a data universal numbering system identifier that makes it possi-

ble to track its sales and employment over time. For each establishment, we know location, industry

classification, and parent company. We use parent company information as our definition of firms.

In our main analysis we characterize the industry of establishments at the 4-digit level of SIC and

the locations are mapped to Metropolitan Statistical Areas (MSAs). We apply some sample restric-

tions and robustness exercise that makes us confident that our results are representative of U.S.

business activity in the static cross section.12

As with the product data, we mostly explore changes in size over time at the firm-level within

sector. To do so, we create for each firm-sector variables capturing total employment (or total

sales), the number of establishments, and the average employment (sales) per location, and study

how these variables evolve over time. We also use geographic information when creating measures

of shocks and various measures capturing entry and exit of firms and establishments.

3.2 Sectoral shocks

The theory of scalable expertise has predictions on how different firms respond to common shocks,

both in terms of the magnitude of the response and the margins they adjust. We explore two

distinct shocks to the industry demand. Our first shock is sector-specific and capture a sector’s

exposure to Chinese import competition. Our second shock is firm and sector-specific and exploits

11The data is provided by Walls & Associates. The dataset is the result of a large-scale data collection effort
involving interviews, mailings, private third-party sources, and public data sources. Appendix B provides detailed
information on the data.

12We follow Crane and Decker (2019), who recently compared NETS to sources based on administrative records.
Their paper describes potential limitations with regard to the inclusion of non-employee firms on NETS and imputed
observations, and shows that applying some sample restrictions leads to high correlations in the distributions for the
level of employment between NETS data and U.S. Census Longitudinal Business Dataset.
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firms’ heterogeneous exposure to regional variation in home price appreciation during the housing

boom and bust cycle in the 2000s.

3.2.1 China import penetration shock

Our measures of trade exposure follow closely Autor, Dorn and Hanson (2013) and Acemoglu,

Autor, Dorn, Hanson and Price (2016) by capturing the change in the import penetration ratio.

We collect data on trade between China and the US from UN Comtrade, NBER-CES and UNIDO.

Our baseline measure of the change in the Chinese import penetration ratio for a given sector j

over the period 2006–2015, is defined as

∆IPj,06−15 =
Mj,15 −Mj,06

Yj,06 +Mj,06 − Ej,06

× 100 (21)

where Mj,t is the imports from China into the U.S., Ej,t is the exports, and Yj,t is the industry

shipments. We use 2006 as the baseline year since it is the earliest period for which we have

simultaneously trade, product and establishments data. Intuitively, the measure ∆IPj,06−15 captures

group-level changes in imports from China. In order to address endogeneity concerns, we also work

with an alternative measure that uses imports in other high income countries as an instrument,

following Acemoglu, Autor, Dorn, Hanson and Price (2016). The motivation for the instrument is

that high-income economies are similarly exposed to a Chinese supply shock, but are unaffected by

US-specific shocks that affect US import demand.13

We map the import penetration measures to changes in residual demand for equivalent products

produced by US firms. Thus, we define the shocks of the different sectors as the additive inverse of

the import penetration measures to proxy a positive demand shock: ∆Gj = −∆IPj,06−15. For the

establishments data, we use standard SIC mapping to trade data to create sectoral shocks at the

4-digit SIC level. For the product data, we use the concordance developed by Bai and Stumpner

(2019) to map Nielsen’s product groups to trade data, and obtain shocks at the product group level.

This shock allows us to use variation across manufacturing sectors affected by trade. There

is substantial heterogeneity in import penetration across sectors. As of 2006, imports from China

were already important for some sectors. Nevertheless, between 2006 and 2015 there was substantial

acceleration in many sectors. Figure B.2.1 in Appendix B.2 shows the measure of Chinese import

penetration by sector. There is a substantial amount of heterogeneity within the consumer product

industry, and within manufacturing more generally. As expected, on average, sectors that produce

semi-durables and durable products were more affected by import penetration of China products

and thus have more negative demand shocks than sectors related to food products.

13See Appendix B.2.1 for more details on the instrument ∆IPj,06−15 and measures of import penetration for other
time periods.
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3.2.2 House price shock

Our measure of house price shock allows us to construct a firm-sector specific demand shock Gij,

by exploring geographical variation in consumer demand arising from the evolution in the housing

market and firm-sector specific pre-existing exposure to different locations. The inspiration for this

shock builds on the work of Mian and Sufi (2011, 2014) that document the role of the housing net

worth channel in suppressing consumer demand either through a direct wealth effect or through

tighter borrowing constraints driven by the fall in collateral value. We build two shocks covering

the housing boom and bust cycle in the 2000s.

We start by measuring changes in house prices across-locations and instrumenting for them using

variation in housing supply elasticity proposed by Saiz (2010). The intuition for this instrument

is that for a fixed housing demand shock during the housing boom, house prices should rise more

in areas where housing supply is less elastic. During the housing bust, it is then precisely those

areas where house prices rose most that see the largest declines in house prices.14 For each MSA,

denoted by m, we compute changes in house prices indices (HP) and estimate the following equation

separately for the housing boom (2001-2006) and bust (2006-2011), denoted as τ :

∆ log(HP)τm = ρ SupplyElasticitym + δXm + εm (22)

where Xm is a vector of controls that control for other changes in the local economy as in Stroebel

and Vavra (2019). We obtain house price indices at both the MSA level from the FHFA House

Price Index. Table A.II in Appendix presents results from the first-stage regression and various

robustness. The instrument is highly predictive of house price changes over both periods, with low-

elasticity MSAs experiencing larger house price gains during the housing boom, and larger house

price drops during the housing bust.

After retrieving the predicted change in price index across different locations ̂∆ log(HP)τm, we

build firm-specific shocks separately using information on the location of firms. In particular, we

measure housing price shocks faced by firm i in sector j in either the housing boom or bust as

follows:

∆Dτ
ij =

M
τ0
ij∑

m=1

Sizeτ0ijm∑M
τ0
ij

m=1 Sizeτ0ijm

̂∆ log(HP)τm (23)

where the variable Sizeijts refers to measures of size in the baseline years τ0 (2001 for boom period,

and 2006 for bust period). In the establishment NETS data, size is measured as total employment

of establishments in a particular location (with robustness with sales measures), and we are able

to cover both the housing boom and bust. Our baseline analysis includes firms in sectors where

the location of the establishment likely reflects where the demand occurs. For this reason, in our

14Saiz (2010) uses information on the geography of a metropolitan area to measure the ease with which new housing
can be constructed. The index assigns a high elasticity to areas with a flat topology without many water bodies,
such as lakes and oceans.
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baseline sample, we exclude manufacturing businesses, where the location of a plant likely reflects

where the production occurs, and not necessarily the demand.15 In the product Nielsen data, size

is measured as total sales in stores in a particular MSA, and thus a location is directly associated

with the demand channel. The product data, however, is only available starting in 2006, and thus

we are only able to cover the bust period. Throughout the paper, we report the results for each

period and dataset independently.16

3.3 Mapping Model to Data

3.3.1 Measuring size and scope

In the establishment NETS data, we have variables capturing size and the number of establishments.

Our baseline measure of size is defined as the total employment a firm i in sector j in year t,

and our measure of scope is the total number of distinct establishments. We use employment as

baseline because it is better measured on than revenue on NETS, but we also use total revenue

as robustness.17 The measure of scope based on number of establishments aligns well with the

more traditional measures capturing the intensive and extensive growth of firms as in Cao, Hyatt,

Mukoyama and Sager (2020).

The product Nielsen data allows us to define alternative measures using more detailed data. We

define size as the total revenue of a firm i in sector j in year t, and scope as the total number of

distinct barcodes sold across all stores. These measures are similar to the ones used in Hottman,

Redding and Weinstein (2016). Barcodes are by design unique to every product – changes in any

attribute of a good (e.g. forms, sizes, package, formula) results in a new barcode, and thus allows

us to have a close map to the theory.

3.3.2 Measuring scalability

In this section, we propose a measure that captures the extent to which knowledge can be applied

across multiple products. In particular, we leverage the detailed information on product-level char-

acteristics in the Kilts-Nielsen data to construct measures of scalability. The underlying intuition of

our measure is that products are bundles of characteristics, and specific characteristics can be shared

across multiple products. Thus, firms that have products that have many common characteristics,

are more likely to have more scalable knowledge.

We build the measure using detailed descriptions of products. The original data classifies prod-

ucts into modules and within each module products are described using various “attributes” vari-

15We consider several alternative samples, including using all sectors to evaluate the sensitivity to this baseline
sample. In Appendix, we show that the results are qualitatively similar and are not dependent on these assumptions.

16In Appendix B.2, we provide more details on the distribution of these shocks.
17In Appendix D.1 we show that using total revenue rather than employment does not affect our findings. This is

not surprising given that revenue is, for the most part, imputed from employment.
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ables, such as package, size, flavor, formula.18 These attributes can take different values, which we

term “characteristics”. Consider the product module: razor blades. The products in this module

have the following five attributes: form, consumer type, scent, skin condition, and generic. The

attribute “form“ can take the following characteristics: “adjustable”, “assorted”, “injector”, “mov-

ing”, “pivoting” etc. The product module of powder detergents, on the other hand, is described

by the following four attributes: form, container, type, and generic. The attribute “form” for

detergents could be “pack”, “pod”, “refill”, “table”.

With these data, we are able to describe products as a bundle of characteristics, some of which

it shares across multiple products, while others are only used by one or a small number. The

distinguishing feature of scalable expertise is its applicability to multiple products, in contrast to

‘local’ or product-specific expertise. In line with this interpretation, we map the scalability of

expertise of firm i to the fraction of common attributes across its product portfolio. In particular,

we propose a scalability index of firm i in sector j in product module m at time t is defined as

follows:

SImijt ≡ 1−
Uniquemijt

Scopemijt × NumAttributesmjt
,

where the variable Uniquemijt counts the number of distinct characteristics in the portfolio of prod-

ucts of the firm in module m. This is normalized by the total number of attribute-cells to be filled,

i.e. module-level scope Scopemijt times the number of attributes for each product in that module

NumAttributesmjt. The index captures the share of common characteristics within the portfolio of

products of the firms, i.e. the likelihood that the characteristics of products are shared within the

portfolio of a given firm. If no characteristic is repeated across the products of a firm, the scalability

index equals 0. For example, a single-product firm will have a number of different attributes equal

to the number of distinct characteristics. By contrast, when products of a single firm share many

characteristics, the scalability index converges to 1. Note that the index is a relative measure, in-

tended to measure the composition of expertise, not its level. This leads us to the following mapping

between the index (or more precisely, a simple transformation thereof) to scalability in the theory:

xmijt
ymijt

≡ SImijt
1− SImijt

.

We aggregate this measure to the firm-sector level using revenue-weights, to be at the same aggre-

gation level of our size and scope measures.

A potential concern is that the scalability index might increase mechanically as firms add prod-

ucts and, thus, biased towards 1 for firms with a large number of them. We address this using

a bootstrap procedure. For a firm with N products in a module, we compute what its scalability

index would be if its portfolio had N randomly selected products from that module. The measure of

scalability that we use in the regressions is a firm’s scalability relative to the scalability of a random

18This information is available for approximately 61% of all barcodes in the data. We use a total of 20 distinct
attributes. Each product module has between 4 and 8 active attributes.
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portfolio of the same size. In Appendix C, we provide additional details on the construction of this

measure, including examples and robustness.

4 Validating the Theory

Our theory has multiple testable implications. We divide them into two sets. The first set uses

only “standard” measures: size and scope. Second, we test predictions that incorporate scalability

directly. We evaluate how scalability covaries with size and scope in the cross-section, assess whether

scalable firms are more sensitive to shocks, and how the distribution of scalability affects changes

in concentration.

4.1 Testable implications with size and scope measures

The theory describes how firms differ systematically in their responses to a common shock, both

in terms of the magnitude and the margins of the response. Corollary 2 implies that in response

to the same change in G, firms with higher size or higher scope have larger changes in size and

scope. In this section, we develop statistical tests to evaluate if the predictions fit well the data

using establishment and product data, and two distinct shocks. Our first shock is sector-specific

and captures different exposure to the intensity of competition from Chinese imports. We also use

a second shock that exploits cross-regional variation in home prices during the housing boom and

bust cycle in the 2000s, and the pre-existing exposure of firms to different locations.

We first test whether firms with higher size or higher scope are more sensitive to changes in

demand, using the following regression specifications:

∆sizeij = αRR ∆Gij + βRR (∆Gij × sizeij) + γRR sizeij + ψRRj + εRRij

∆scopeij = αNR ∆Gij + βNR (∆Gij × sizeij) + γNR sizeij + ψNRj + εNRij

∆sizeij = αRN ∆Gij + βRN (∆Gij × scopeij) + γRN scopeij + ψRNj + εRNij

∆scopeij = αNN ∆Gij + βNN (∆Gij × scopeij) + γNN scopeij + ψNNj + εNNij (24)

where ∆sizeij and ∆scopeij refers to difference of log size and scope during the period of the shock,

respectively. ∆Gij refers to either the Chinese import penetration, or the housing price shocks.19

The control variables sizeij and scopeij are log of total sales/employment and scope measured

before the shock, and they allow us to control for potential systematic associations between size

and growth, as well as mean reversion effects. We also account for differences in average sensitivity

to shocks across sectors by using sector-specific fixed-effects (ψj). We standardize the variables

sizeij and scopeij within sector j, to help compare the magnitudes across regressions and samples.

19Note that in the case of the China shock, the shock is sector specific, ∆Gj , and thus, when we use these
specifications with sector fixed effects, we cannot identify the coefficients α on the shock.
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The key parameters of equations 24 are the interaction terms βRR, βNR, βRN , and βNN . These

coefficients measure differences in degree of sensitivity to shocks. A key prediction of the model is

that all these coefficients should be positive.

Table 1 presents our baseline results for the estimates of βRR (columns 1, 3, 5, 7, 9), βNR (columns

2, 4, 6, 8, 10), βRN (columns 11, 13, 15, 17, 19), and βNN (columns 12, 14, 16, 18, 20), across five

different versions. These five different versions correspond to different combinations of datasets and

shocks: (i) establishment data with China import penetration shock (2006-2015); (ii) establishment

data with housing price shock during boom (2001-2006); (iii) establishment data with housing

price shock during bust (2007-2011); (iv) product data with China import penetration shock (2006-

2015); (v) product data with housing price shock during bust (2007-2011). In regressions using

establishment data, we use employment as our benchmark measure of size, and scope refers to the

number of establishments of a firm. In regressions using product data our measure of size is the

total sales of a firm-sector, and scope is measured as the number of distinct barcodes.

Our results show that larger size firms exhibit greater size sensitivity to common shocks (βRR),

and also greater scope sensitivity (βNR). Likewise, firms that operate multiple units are more

likely to make larger changes to size (βRN) and scope (βNN) when affected by common shocks.

These results indicate that the predictions of the theory align remarkably well with our results,

independently of the datasets and nature of shocks.
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Table 1: Heterogeneous Response to Common Shocks

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
∆ size ∆ scope ∆ size ∆ scope ∆ size ∆ scope ∆ size ∆ scope ∆ size ∆ scope

∆G × size 0.042* 0.023** 0.021*** 0.002*** 0.003** 0.001** 0.123*** 0.010*** 0.666*** 0.066*
(0.024) (0.012) (0.002) (0.000) (0.001) (0.001) (0.017) (0.004) (0.161) (0.037)

Obs. 321,525 321,525 5,933,769 5,933,769 6,968,641 6,968,641 24,146 24,146 27,930 28,137
R-squared 0.047 0.023 0.053 0.006 0.036 0.011 0.154 0.069 0.088 0.031
Sector Y Y Y Y Y Y Y Y Y Y

(11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
∆ size ∆ scope ∆ size ∆ scope ∆ size ∆ scope ∆ size ∆ scope ∆ size ∆ scope

∆G × scope 0.116*** 0.059*** 0.004* 0.000 0.006** 0.004** 0.057*** 0.030*** 0.246* 0.147***
(0.023) (0.018) (0.002) (0.002) (0.002) (0.002) (0.016) (0.004) (0.143) (0.038)

Obs. 321,115 321,115 5,933,769 5,933,769 6,968,641 6,968,641 24,146 24,146 27,930 28,137
R-squared 0.043 0.242 0.008 0.071 0.015 0.091 0.073 0.136 0.055 0.077
Sector Y Y Y Y Y Y Y Y Y Y

Sample China China Housing Housing Housing Housing China China Housing Housing
Period 06-15 06-15 01-06 01-06 06-11 06-11 06-15 06-15 06-11 06-11
Data NETS NETS NETS NETS NETS NETS Nielsen Nielsen Nielsen Nielsen

Note: The table reports the results of estimating equation 24. The dependent variable is the log change in the total employment/sales of firm i in sector
j in the period of the shock or the change in the number of plants/products of firm i in sector j in the period of the shock. The reported coefficients are
βRR (columns 1, 3, 5, 7, 9), βNR (columns 2, 4, 6, 8, 10), βRN (columns 11, 13, 15, 17, 19), and βNN (columns 12, 14, 16, 18, 20), across five different
versions. Columns 1/2/11/12 use the NETS data and the China import penetration shock 2006-2016. Columns 3/4/13/14 use NETS data and the housing
price shock from 2001-2006. Columns 5/6/15/16 use NETS data and the housing price shock from 2006-2011. Columns 7/8/17/18 use Nielsen data and
the China import penetration shock 2006-2016. Columns 9/10/19/20 use Nielsen data and the housing price shock from 2006-2011. All the specifications
include sector effects and robust standard errors.
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The magnitudes of the estimates differ across the five different combinations of datasets and

shocks. To interpret the magnitude, consider a positive demand shock induced by a decline in

China’s import penetration. A firm that is one standard deviation larger than average in its sector

increases its size by 4.2 percentage points and scope by 2.3 percentage points more than the average

firm in its sector. Notice that the implied changes in total size are larger than the changes in

scope. This indicates that larger firms also exhibit greater sensitivity of size per unit to demand.

The magnitudes tend to be larger when we interpret scope as number of products (as opposed to

number of establishments) and measure size using revenue (as opposed to employment).

Robustness – We evaluate the robustness of our results with respect to the samples and measures

of growth. In our baseline results, we measure growth as log changes among the sample of surviving

firms. In particular, we do not take into account the effect of differences in the cyclical sensitivities

of the rate of entry and exit of small and large size/scope firms. Thus our results should be perceived

as capturing the intensive margin differences. We re-estimate the equations above using a sample

that also includes exits by using the bounded growth rates of Davis and Haltiwanger (1992), our

results are all qualitatively similar.20

We evaluate the impact of the inclusion of different sectors in the results. For example, in our

baseline results with establishment data and the house price shocks, we use the sample of non-

manufacturing firms. We consider several alternative samples, including using all sectors and more

restrictive samples of establishments to evaluate the sensitivity to this baseline sample. In Appendix,

we show that the results are qualitatively similar and do not depend on these assumptions.21

We also evaluate how our results are affected when we use different samples of firms. One

potential limitation of the results with establishment data is that they may be affected by the large

number of non-employer single-unit establishments (in line with evidence in Crane and Decker

(2019)). We study how our results are affected when we exclude these establishments and focus

on variation coming from medium-sized and large firms. In Appendix, we show that most of the

results are qualitatively similar.22

Finally, we also explore alternative specifications to equation 24. We consider a non-parametric

specification in which we study the differential impact of the shock in different parts of the size

and scope distribution. Figure 3 presents the results for the establishment data, when we estimate

the impact for the China shock on four size/scope quantiles: below median, 50-90 percentile, 90-99

percentile, and top 1%. The results indicate monotonicity on the impact of the shock aligned with

the results of Table 1. For example, results studying impact on size as a function of size indicate

that larger firms tend to respond more strongly than small and medium firms.

20Tables D3, D7 and D12 in Appendix D.1 provides the results for the establishment-level data, and Table D16 in
Appendix D.2 provides the results for the product-level data.

21Tables D9 and D14 in Appendix D.1 provides the results for the establishment-level data.
22Tables D10 and D15 in Appendix D.1 provides the results for the establishment-level data.
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Figure 3: Heterogeneous response to China import penetration shock: non-parametric
specification

(a) Impact on size (b) Impact on scope
by size distribution by size distribution
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(c) Impact on size (d) Impact on scope
by scope distribution by scope distribution
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Note: The figure shows the impact of shocks for different size/scope quartiles. We plot β̂k’s from estimating the
specification ∆Yij = α +

∑
k βk (∆Gij × dk,ij) +

∑
k γk (dk,ij) + εij , where dk,ij are dummies for four size/scope

quantiles: below median, 50-90 percentile, 90-99 percentile, and top 1% (for the scope quantiles, we aggregate the
first two dummies because more than 90 percent of firms have only one establishment). The dependent variable
∆Yij refers to changes in log size/scope. Panel (a) plots the results of changes in size as a function of size quantiles,
comparable to βRR. Likewise, panel (b), (c) and (d) plots the results comparable to βNR, βNR, and βNN , respectively.
The estimates are computed using establishment-level data and the China import penetration shock.

Related literature – There is a more established literature studying whether the growth of large

or small firms covary more with business cycles. For example, Crouzet and Mehrotra (2020) recently

documented that the largest firms are less cyclical than other firms. There are two important

differences between our results and this body of work. First, we are interested in firms’ responses to

changes in demand, either idiosyncratic or common. As such, we exploit variation in demand that

is external to the sector. The literature on size cyclicality, in contrast, has focused on unconditional
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covariation with aggregate conditions.23 Second, we focus on firms’ longer-run responses to shocks

(10 years for the China shock and 5 years for the housing shocks), rather than adjustments at

business cycle frequencies (typically quarterly or annual changes).

4.2 Testable implications with scalability measures

4.2.1 Correlation between scalability, scope and size

Given the central role played by scalability in the theory, it is natural to ask: how well are the

predictions with respect to scalability borne out by the data? In particular, Proposition 7 predicts

that scalability is positively related to size and scope in the cross-section. We evaluate if this

relationship is consistent with data by estimating:

ln

(
xijt
yijt

)
= αR + βR sizeijt + λRi + ΓRjt + εRijt

ln

(
xijt
yijt

)
= αN + βN scopeijt + λNi + ΓNjt + εNijt (25)

where
xijt
yijt

is scalability as defined in Section 3.3, and sizeij and scopeij are log of total revenue and

scope of firm i in sector j at time t. We control for firm effects (λi) and a set of sector × time fixed

effects (Γjt).

The results are presented in Table 2. In line with Proposition 7, columns (1) and (3) show that

βR > 0 and βN > 0, which indicates that large size and large scope firms have relatively more

scalable knowledge. Columns (2) and (4) indicate that these findings are robust to including firm

effects, consistent with the fact that as firms increase their size and scope, they also increase the

scalability of their product portfolio.

We also evaluate how the results compare across different types of consumer product sectors.

Table D17 in the Appendix shows that these results are robust across different categories in the

Nielsen data and to disaggregating sectors further.

23An exception is Park (2020), who also uses establishment NETS data and studies changes in China import
penetration between 1991-2007. His results are consistent with our estimates of the size sensitivity captured by a
positive estimate of the coefficient βRR in equation 24.
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Table 2: Cross-Sectional Relationship: Scalability, Scope and Size

(1) (2) (3) (4)

size 0.145*** 0.172***
(0.021) (0.013)

scope 0.258*** 0.240***
(0.027) (0.018)

Observations 235,674 233,004 235,671 233,001
R-squared 0.021 0.405 0.054 0.417
Firm N Y N Y
Period-Sector Y Y Y Y

Note: The table shows the results estimating equation 25 in the product-level data. The dependent variable is (the
log of) scalability from (25) and the independent variables are (the logs of) size (revenue) and scope. All the variables
are standardize relative to the mean of the sector and time period (year). Scalability index is adjusted relative to
the alternative (bootstrapped) index.

4.2.2 Heterogeneous response to symmetric shocks with scalability measures

Next, we explore how scalability affects how firms respond to the same sectoral shock. Proposition

9 predicts that in response to the same shock, firms with higher scalability have larger changes in

size, scope, scalability. We study these prediction using the following specifications:

∆ sizeij = αRS ∆Gj + βRS

(
∆Gj × ln

xij
yij

)
+ γRS ln

(
xij
yij

)
+ ψRSj + εRSij

∆ scopeij = αNS ∆Gj + βNS

(
∆Gj × ln

xij
yij

)
+ γNS ln

(
xij
yij

)
+ ψNSj + εNSij

∆ ln

(
xij
yij

)
= αSS ∆Gj + βSS

(
∆Gj × ln

xij
yij

)
+ γSS ln

(
xij
yij

)
+ ψSSj + εSSij (26)

where the dependent variables ∆ sizeij, ∆ scopeij, or ∆ ln
(
xij
yij

)
are changes in size, scope and

scalability, respectively. Gj is the China import penetration shock from 2006 to 2015 for sector j.24

We control for sector fixed effects Γj to account for differences in response that are heterogeneous

across sectors. The coefficient of interest is βRS, βNS, and βSS measures the heterogeneous response

of firms with different scalability – the theory predicts all three coefficients should be positive.

The results are presented in Table 3. Column (1) shows that, in response to common shocks,

firms with higher scalability adjust size by more (relative to the average firm, whose response is

now picked up by the sector fixed effects). The sign of the coefficient is consistent with the theory

although it lacks statistical power in this specification. Column (2) shows that firms with higher

24For the housing shock, these specifications lack statistical power and we are unable to sign the impact of scalability
on the response to shocks. We present these results in Table D18 in Appendix D.4.
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Table 3: Scalability and Responsiveness to Shocks

(1) (2) (3) (4) (5) (6)

∆ size ∆ scope ∆ ln
(
x
y

)
∆ size ∆ scope ∆ ln

(
x
y

)
∆G × ln

(
x
y

)
0.0187 0.0187*** 0.0119*** 0.0073 0.0099* 0.0117***

(0.014) (0.006) (0.003) (0.014) (0.006) (0.003)
∆G × scope 0.0329*** 0.0242*** 0.0016

(0.012) (0.005) (0.003)

Observations 14,186 14,186 13,467 14,186 14,186 13,467
R-squared 0.049 0.044 0.256 0.063 0.097 0.256
Sector Y Y Y Y Y Y
Shock China China China China China China
Period 2006-2015 2006-2015 2006-2015 2006-2015 2006-2015 2006-2015

Note: The table shows the results of estimating equation 26. The dependent variable in Columns (1) and (4) is
the change in the (log of) size (revenue) of firm i in sector j. The dependent variable in Columns (2) and (5) is
the change in scope and in Columns (3) and (6) is the change in scalability of firm i in sector j. The independent
variable is the demand shock interacted with the baseline level of scalability in 2006 or the same shock interacted
with the levels of scope in 2006. In all specifications we use the China import penetration shock from 2006-2015. All
specifications include sector fixed effects.

scalability do indeed adjust their scope by more in response to a positive import penetration shock.

Lastly, our theory also predicts that, in response to common shocks, firms with higher scalability

adjust scalability by more. Column (3) shows that scalability responds positively to changes in

demand captured by the China import penetration shock. Columns (4)-(6) show that our measure

of scalability still captures sensitivity of shocks when controlling for firm scope.25

4.2.3 Concentration

Lastly, we show suggestive evidence that the covariance between scalability and size carries infor-

mation about the response of concentration among a fixed set of firms. Recall that Proposition 10

indicates that the same increase in G will raise concentration of size (among a fixed set of firms) by

more in the sector in which scalability covaries more strongly with size. In order to determine the

industries where scalability is more concentrated, for each sector j, we calculate the covariance be-

tween scalability and size in 2006 (Wj,2006), while focusing on firms active in the period 2006-2015.26

25While the theory implies that scalability is a sufficient statistic for a firm’s sensitivity to shocks, we find that
scope still explains some variation in the size and scope regressions. A possible reason that the scope still has
predictive power is that our proxy measures true scalability with noise, and that our bootstrap procedure removes
some of the variation in scalability. Nevertheless, we find it remarkable that our measure of scalability still carries
information about sensitivity to shocks even controlling for scope.

26More specifically, we estimate ln
(
xij
yij

)
= λj + Wj scopeij + εij for each sector, where

xijt
yijt

is scalability and

scopeij is log of number of products of firm i in sector j in 2006. For over 80% of the sectors, the coefficient of a
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Table 4: Market Size and Concentration

(1) (2) (3)
∆ HHI ∆ Share -∆ ln # firms

Top 5 80% share

∆G ×Ŵ2006 0.0063* 0.0096** 0.0547***
(0.003) (0.005) (0.018)

Observations 112 112 110
R-squared 0.065 0.080 0.099

Note: The table reports the results of estimating equation 27. The dependent variable in Column (1) is change in
the Herfindahl index in sector j from 2006-2015. The dependent variable in Column (2) is the change in the market
share held by the top 5 firms in the sector and in Column (3) is the log change in the total number of firms with
80% of the market share times minus one. Ŵj,2006 is the covariance between scalability and size in 2006 estimated
using a reduced form approach for each sector separately and considering firms with positive sales both in 2006 and
2015. Both columns use the China import penetration shock. The data used is the Nielsen data.

To test Proposition 10, we then estimate the following specification:

∆Yj = α ∆Gj + β
(

∆Gj × Ŵj

)
+ γŴj + εj (27)

where ∆Yjt is an outcome variable measuring the change concentration in sector j between 2006

and 2015. We use the Chinese import penetration shock, ∆Gj, which is common across firms in

a sector, to capture long term differences in market concentration. The coefficient of interest is

β which measures if market concentration changes more in sectors in which scalability is more

concentrated.

Table 4 assesses this prediction using several different measures of concentration. Column (1)

measures concentration as Herfindahl Index in the sector, and the results indicate that concentration

increased in sectors where the covariance of scalability and size is larger. Column (2) measures

concentration as the share of revenue held by the top 5 firms in the sector (the concentration ratio of

the top 5 firms) and also finds results consistent with the fact that concentration also increased more

in sectors where the covariance is higher. Lastly, Column (3) measures concentration by the additive

inverse of the total number of firms with 80% of the market. Consistent with the previous columns,

using this measure we find an increase in concentration. Overall the table provides suggestive

evidence that the covariance between scalability and size carries relevant information about the

response of concentration to a common demand shock.

regression of scalability on size is positive.
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5 Discussion

5.1 Other Evidence

The theory in this paper also offers a useful, unified framework to interpret a number of facts –

both cross-sectional and in response to changes in demand – documented by other papers studying

firm heterogeneity and dynamics. In this subsection, we discuss a few of them and relate them to

the effects of scalable expertise.

Holmes and Stevens (2014) find that Chinese import competition had a disproportionate im-

pact on larger plants relative to smaller, more ‘specialty’ plants with more knowledge about local

customer needs. Through the lens of our model, specialty plants can be thought of as having rela-

tively lower scalability.27 The theory predicts that this will make them less responsive to demand

conditions. Aghion, Bloom, Lucking, Sadun and Van Reenen (2021) show that during the Great

Recession, firms with more decentralized management outperformed their more centralized coun-

terparts, even controlling for size. It seems natural to conjecture that centralized firms have more

of their knowledge in a scalable form, which makes them more sensitive to turbulence.

Hyun and Kim (2019) also look at spillovers within firms during the Great Recession. Specifi-

cally, they find that when a firm faces reduced demand in one location (e.g. due to a local housing

shock), its sales fall in other locations as well. This is suggestive of scalable investments: a demand

decrease in one location reduces the firm’s incentives to invest and, to the extent that such invest-

ment is scalable, the effects (e.g. a decline in sales) are seen across the firm (i.e. in other locations

as well). In line with our results, they also find that large firms respond more than small firms.

Lileeva and Trefler (2010), Bustos (2011) and Lashkari, Bauer and Boussard (2018) show that

firms facing higher demand (e.g. due to an foreign tariff cut, a domestic decline in input tariffs

or increased export demand) were more likely to improve productivity by adopting technologies

like manufacturing information systems and information and communication technologies, which

are suggestive of increased scalability, consistent with the predictions of our model. Bustos (2011)

further shows that such adoption was accompanied by larger increases in product and process inno-

vation. Mayer, Melitz and Ottaviano (2020) also find that export demand shocks induce increases

in product scope (in addition to sales per product).

Cao, Hyatt, Mukoyama and Sager (2020) find that changes in scope (number of plants) are more

important for large firms compared to small firms. Rossi-Hansberg, Sarte and Trachter (2021), Hsieh

and Rossi-Hansberg (2020), Smith and Ocampo (2020) and Benkard, Yurukoglu and Zhang (2021)

also find that increases in scope (number of locations or product markets served by a firm) are

important for understanding the recent increase in national concentration. This is consistent with

larger firms having higher scalability and, therefore, a more elastic scope margin in response to

demand or productivity.

27In our data as well, we find that smaller firms tend to have lower scalability.
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5.2 Policy

Our analysis also yields insights that are relevant for policy. First, the economic forces that make

scalable firms more responsive to demand and productivity changes also make them more sensitive

to policy interventions (such as revenue taxes or subsidies). As such, measures of scalability can

inform targeted policy interventions.

A second insight pertains to the effect of distortions that affect allocation resources across

firms. These are widely regarded as an important contributor to allocative inefficiencies and lower

aggregate productivity, especially in developing countries – see, e.g., Hsieh and Klenow (2009).

Scalability can interact with, and amplify the effects of, such distortions.28 Scalable firms will

respond more strongly, which could result in a more acute allocative inefficiency (and a larger drop

in aggregate TFP) relative to the one that might be inferred using a model with homogeneous

returns to scale. In other words, when assessing the aggregate effects of a distortion, it is important

to account for its covariance with returns to scale (or equivalently, with scalability). This becomes

even more salient when the underlying distortions are size-dependent.29 Specifically, if larger firms

are more scalable and subject to greater restrictions, the misspecification is especially acute.

Finally, scalability of expertise can also be a mechanism that generates spillovers across markets.

A change in one market that alters a firm’s incentive to invest in scalable expertise would also affect

its activities in other markets.

5.3 Diffusion

Lastly, in this subsection, we document an interesting link between scalability and diffusion of

knowledge across firms. The underlying hypothesis is an intuitive one: scalable expertise, i.e.

knowledge that can be more readily used across different products of a given firm is also more likely

to be useful to other firms in the industry. One interpretation of this assumption is that scalability

is the result of practices that enhance the applicability of knowledge to different products (e.g.

standardization or codification of procedures). These practices also will make it easier for such

knowledge to be used outside the firm. Alternatively, one could think of scalable expertise as

innovation along dimensions that are fundamentally more attractive for other firms to learn.

To do this, we first construct a novel measure of diffusion across firms. This leverages the

same attribute-level information from the Nielsen data. We start from the introduction of a new

characteristic by a firm and then count the number of products by other firms that share that

characteristic and were introduced after that date. This is a simple, ex-post measure of how broad-

based a given characteristic becomes within the market after its introduction. Formally, for a

28Endogenous scope and scalability also complicate measurement of distortions: inference using a model with
homogeneous returns to scale à la Hsieh and Klenow (2009) may be misleading.

29See Restuccia and Rogerson (2008) and Guner, Ventura and Xu (2008). Aghion et al. (2008) and Garcia-Santana
and Pijoan-Mas (2014) provide evidence on industrial licensing and small scale reservation laws in India. Gourio and
Roys (2014) and Garicano, Lelarge and Van Reenen (2016) provide evidence from France on regulation that applies
to larger firms but exempts smaller ones.
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characteristic c introduced by firm i, we define diffusion as follows:

Dc,m,i,t,τ =
Num. of products with c introduced by firm −i between t and t+ τ

Num. of products introduced by firm −i between t and t+ τ

where the numerator counts the number of times a characteristic c introduced by firm i in module

m is observed in products introduced by other firms in the same module between time t and time

t + τ . The denominator counts the total amount of products introduced by other firms between n

t and t+ τ . Clearly, Dc,m,i,t,τ is always between 0 and 1.

Our main empirical specification takes the form:

Dcmitτ = α + β SIamit−1 + γ scopemit + λamtτ + θami + εamitτ (28)

where c, a, m, i, and t denote the characteristic, attribute, product module, firm and time period,

respectively. Thus, the dependent variable Dcmitτ is the diffusion measure described above, while

SIamit−1 is our Scalability Index measured for a given attribute a in firm i and module m in period

t − 1. Our coefficient of interest is β: in other words, we are interested in how the diffusion of

a particular feature introduced by firm i over (t, t + τ) relates to the scalability of that firm in

t− 1. We lag scalability to mitigate potential endogeneity concerns. We estimate this relationships

controlling for the total number of products of the firm in the same module, Nm,i,t, and under

several specifications of fixed effects; the most saturated one has both attribute × module × time

× age, λa,m,t,τ , as well as firm × attribute × module effects, θa,m,i.

Our results, presented in columns (1)-(2) Table 5, show that the level of scalability is indeed

positively associated with the level of diffusion. In particular, column (2) shows that the relationship

is strong and significant after controlling for attribute × module × time × age effects.

Our strategy for measuring diffusion also points to an alternative way of defining scalability

as a ‘forward-looking’ measure: specifically, by treating scalability as diffusion within a firm, we

can construct an ex-post measure of how scalable a new feature turns out to be. Formally, this

alternative Scalability Index for a characteristic c introduced by firm i is defined as:

S̃Icmitτ =
Num. of products with c introduced by firm i between t and t+ τ

Num. of products introduced by firm i between t and t+ τ

We repeat our earlier analysis with this alternative measure of scalability, i.e. estimate the

following specification:

Dcmitτ = α + β S̃Iamit−1τ + γ scopemit + λamtτ + θami + εamitτ (29)

where, as before, the scalability measure S̃I is aggregated to the attribute level and lagged. Again,

as before, we include the total number of products sold by the firm, Nm,i,t and various fixed effects

as controls. The results are shown in columns (3) and (4) in Table 5 and confirm that the strong
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Table 5: Diffusion and Scalability

(1) (2) (3) (4)
Diffusion

SI 0.0599*** 0.0097***
(0.000) (0.001)

S̃I 0.1326*** 0.0282***
(0.000) (0.001)

scope -0.0292*** -0.0057*** -0.0013*** -0.0028***
(0.000) (0.000) (0.000) (0.001)

Observations 3,319,518 3,234,863 3,269,030 3,183,439
R-squared 0.808 0.914 0.812 0.913
Firm-Attribute-Module N Y N Y
Attribute-Module-Time-Age Y Y Y Y

Note: The table shows the results of estimating equation 28. The dependent variable is Dcmitτ , the diffusion of
characteristic c, launched in module m, by firm i between periods t and t+ τ . The independent variable in column
(1) and (2) is the scalability SIamit−1 of a given attribute a in module m, firm i and period t − 1. Details on the
construction of these variables can be found in Section 3.3. The independent variable in column (3) and (4) is the

scalability S̃Icmit−1τ of a given attribute a in firm i and module m in period t− 1. All the specifications include a
control for the total number of products sold by firm i in module m at time t.

positive relationship between diffusion and lagged scalability is robust to this alternative measure.

Overall, we find a positive relation between scalability and diffusion implying that shocks in-

creasing the diffusion of knowledge within the firm also increase the diffusion of knowledge outside

the firm to the entire industry.

6 Conclusion

The paper develops and validates a rich model of firm size, based on the idea of firms as composite

of multiple ‘units’. Central to the forces at work is the concept of scalability of the firm’s expertise.

The analysis delivers a simple, yet empirically relevant, insight: the effects of changes in the external

environment can depend on a firm’s scope and unit-level fundamentals.

There are many promising directions for future research. Our theoretical framework was kept

intentionally simple and abstracts from many realistic elements (e.g. within-firm heterogeneity). We

also abstracted from dynamics and stochastic fundamentals, both of which are no doubt essential to

paint a complete picture of firm heterogeneity. Incorporating these elements and undertaking a full-

fledged quantitative analysis is a natural, if ambitious, next step. Finally, exploring the aggregate

implications of the link between scalability and diffusion (demonstrated in the previous section) is

another interesting direction.
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A Proofs and derivations

A.1 Derivation of the General Equilibrium Shifter, Gj

With wage w, firm i’s unit cost of variety u is q
AijZuij

. The firm is infinitesimal relative to the

industry, so given demand Quij =
(
Puij
Pij

)−ε (
Pij
Pj

)−θ
Qj, the optimal price is θ

θ−1
q

AijZuij
. The price

index summarizing i’s output satisfies

P 1−ε
ij =

∫ Nj

0

P 1−ε
uij du =

∫ Nj

0

(
θ

θ − 1

w

AijZuij

)1−ε

du.

Firm i’s profit is thus

Πij+ =

∫ Nij

0

(
Puij
Pij

)−ε(
Pij
Pj

)−θ
Qj

[
Puij −

W

AijZuij

]
du−Fj(Nij)

=

∫ Nij

0

(
Puij
Pij

)−ε(
Pij
Pj

)−θ
Qj

[
Puij −

θ − 1

θ
Puij

]
du−Fj(Nij)

=
1

θ
QjP

θ
j P

1−θ
ij −Fj(Nij)

=
1

θ
QjP

θ
j

(∫ Nj

0

(
θ

θ − 1

AijZuij
W

)ε−1

du

) θ−1
ε−1

−Fj(Nij)

We thus have Gj = 1
θ

(
θ
θ−1

)θ−1
QjP

θ
jW

1−θ.

A.2 Heterogeneous Products

In this section, we explore a version of the model in which a firm’s productivity varies exogenously

across its products. Firm i in industry j chooses a set Uij of products, and its productivity in

producing product u ∈ Uij is BuijZuij. Its profit is

πij =

∫
u∈Uij

(
Puij −

w

BuijZuij

)
Quijdu−Fj (|Uij|)

where the demand curve is Quij ≤ QjP
θ
j P

ε−θ
ij P−εuij and the price index is Pij =

(∫
u∈Uij P

1−ε
uij du

) 1
1−ε

.

The optimal price for product u is Puij = θ
θ−1

w
BuijZuij

, so the price index satisfies Pij = θ
θ−1

w(∫
u∈Uij

(BuijZuij)ε−1

) 1
ε−1

.
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Profit is therefore

πij =
(θ − 1)θ−1

θθ
QjP

θ
j w

1−θ

(∫
u∈Uij

(BuijZuij)
ε−1 du

) θ−1
ε−1

−Fj (Nij)

= Gj

(∫
u∈Uij

(BuijZuij)
ε−1 du

) θ−1
ε−1

−Fj (Nij)

We make two assumptions. First, expertise is the same across products, so that Zuij ≡ Zij. Second,

we assume that the distribution of productivities follows a power law. In particular, i can produce

with productivity higher than B is AτijB
−τ . Then the cutoff associated with choosing N products

is AijN
−1/τ . Profit is

πij = GjZ
θ−1
ij

(∫
u∈Uij

Bε−1
uij du

) θ−1
ε−1

−Fj (Nij)

= GjZ
θ−1
ij

(∫ ∞
AijN

−1/τ
ij

Bε−1AτijτB
−τ−1dB

) θ−1
ε−1

−Fj (Nij)

= Gj (AijZij)
θ−1

(
1

1− (ε−1)
τ

N
1− ε−1

τ
ij

) θ−1
ε−1

−Fj (Nij)

=
Gj(

1− (ε−1)
τ

) θ−1
ε−1

(AijZij)
θ−1N

(1− ε−1
τ ) θ−1

ε−1

ij −Fj (Nij)

A.3 Returns to Scale

In our multi-product setting, output refers to the composite good Qi =
(∫ Ni

0
Q

ε−1
ε

iu du
) ε
ε−1

. Noting

the symmetry across products, the cost of producing Yi is the solution to

ci(Qi) = min
xi,yi,Ni,Li,Qiu

NiWLi + FNi

subject to the capacity constraint xi + Niyi ≤ 1, technology AiZ(xi, yi)L ≥ Qiu, and within firm

aggregation Qi ≥ N
ε
ε−1

i Qiu. Substituting for L and Yu yields

ci(Qi) = min
xi,yi,Ni

WNiQi

N
ε
ε−1

i AiZ(xi, yi)
+ FNi subject to xi +Niyi ≤ 1

Finally, eliminating y, gives

ci(Qi) = min
ki,Ni

WNiQi

N
ε
ε−1

i Ai
z(ki)
ki+Ni

+ FNi.

2



Using the envelope theorem and ε = 2, marginal cost is c′i(Qi) = W

NiAi
z(ki)

ki+Ni

. Marginal returns to

scale can be found by differentiating once more:

MRTSi = −Qic
′′
i (Qi)

c′i(Qi)
=
d ln Niz(ki)

ki+Ni

d lnYi

=
∂ ln Niz(ki)

ki+Ni

∂ lnNi︸ ︷︷ ︸
=Si

d lnNi

d lnQi

+
∂ ln Niz(ki)

ki+Ni

∂ ln ki︸ ︷︷ ︸
=0

d ln ki
d lnQi

The envelope theorem implies that changes in ki do not directly affect the marginal cost – we only

need to consider changes in Ni. As before, let K(Ni) denote the relationship between scalability

ratio and scope from (7). The optimality condition (8) yields the optimal scope as a function of

desired output Qi and scalability ratio, denoted Ñi(Qi, ki). Differentiating gives

d lnNi

d lnQi

=
∂ ln Ñi

∂ lnQi︸ ︷︷ ︸
=1/2

+
∂ ln Ñi

∂ ln ki︸ ︷︷ ︸
=

1−Si
2

NK′(Ni)

K(Ni)︸ ︷︷ ︸
=σ

d lnNi

d lnQi

(30)

=
1

2− (1− Si)σ
(31)

Together, these imply that the elasticity of marginal cost with respect to the firm’s output is

MRTSi = −Qic
′′
i (Qi)

c′i(Qi)
=

Si
2− (1− Si)σ

(32)

A.4 Power Law Example

Lemma 1 limk→∞
log

(
z(k)
k
− z′(k)2
Zx(1,0)

)
log( z(k)k −z′(k))

= 1

Proof 1 As an intermediate step, we first show that limk→∞

d
dk

(
z
k
− z
′2
Zx

)
d
dk(

z
k
−z′)

exists and has a finite,

strictly positive magnitude. To do this, note first that the homogeneity of Z implies that limk→∞ z
′(k) =

limk→∞ Zx(k, 1) = limk→∞ Zx
(
1, 1

k

)
= Zx(1, 0). Second, z′′ = − z′(z−kz′)

kz
1
σ

. With these we can derive

expressions for the numerator and denominator

d
(
z
k
− z′2

Zx

)
ds

=
z′

k
− z

k2
− 2z′

Zx
z′′ =

z′

k
− z

k2
+

2z′

Zx

(
z′(z − kz′)

kz

1

σ

)
=

{
z′

Zx

2

σ

kz′

z
− 1

}
z − z′k
k2

and

d

dk

(z
k
− z′

)
=
z′

k
− z

k2
− z′′ = z′

k
− z

k2
+
z′(z − kz′)

kz

1

σ
=

{
1

σ

kz′

z
− 1

}
z − z′k
k2

3



Together, these imply that

lim
k→∞

d
dk

(
z
k
− z′2

Zx

)
d
dk

(
z
k
− z′

) = lim
k→∞

z′

Zx
2

σ(k)
kz′

z
− 1

1
σ(s)

kz′

z
− 1

=
2
σ̄
− 1

1
σ̄
− 1

=
2− σ̄
1− σ̄

where σ̄ = limk→∞ σ(k). Since that limit exists, we can now use L’Hopital’s rule twice to get

lim
k→∞

log
(
z
k
− z′2

Zx

)
log
(
z
k
− z′

) = lim
k→∞

z
k
− z′

z
k
− z′2

Zx

d
ds

(
z
k
− z′2

Zx

)
d
dk

(
z
k
− z′

)
= lim

k→∞

z
k
− z′

z
k
− z′2

Zx

lim
s→∞

d
dk

(
z
k
− z′2

Zx

)
d
dk

(
z
k
− z′

)
= lim

k→∞

d
dk

(
z
k
− z′

)
d
dk

(
z
k
− z′2

Zx

) lim
k→∞

d
dk

(
z
k
− z′2

Zx

)
d
dk

(
z
k
− z′

)
=1

Proposition 11 Let the support of A is distributed according to the distribution function H(A)

with support (A, Ā). Suppose further that limA↗Ā
log[1−H(A)]

log[1−A/Ā]
= κ. If Ā = A∗ ≡ F

GZx(1,0)
, then the

distribution of revenue follows a power law:

lim
R→∞

log Pr (Revenue > R)

logR
= −κ(σ̄ − 1)

where σ̄ = limk→∞ σ(k). If Ā < A∗, then the distribution of revenue is bounded. If Ā > A∗, then

there is a strictly positive fraction of firms that can earn infinite profit.

Proof 2 Consider the problem

max
k,N

GAN
z(k)

k +N
− FN

The first order conditions imply that scalability solves

GA

F

kz′(k)2

z(k)
= 1

and revenue is

Revenue = GA (z(k)− kz′(k))

The optimal choice of scalability defines a strictly increasing function Â(k) and its inverse, k̂(A)

that satisfy GÂ(s)
F

kz′(k)2

z(k)
= 1 and GA

F

k̂(A)z′(k̂(A))
2

z(k̂(A))
= 1 respectively. Using k̂, we can express revenue

4



as a function of A:

Revenue = E(A) ≡ GA
(
z
(
k̂(A)

)
− k̂(A)z′

(
k̂(A)

))
If Ā < A∗, then scalability for the largest firm will satisfy A∗

Ā
= kz′(k)2

Zx(1,0)z(k)
. Since kz′(k)2

z(k)Zx(1,0)
is

decreasing in k and limk→∞
kz′(k)2

z(k)Zx(1,0)
= 1, the optimal choice of scalability, k̂(Ā), will be finite.

Thus the largest firm’s revenue would be finite, and the distribution of revenue would be bounded.

If Ā > A∗, revenue for all firms with A ∈ (A∗, Ā) can attain infinite profit and infinite revenue by

setting y = 0 and letting N →∞.

We now turn to the case of Ā = A∗ ≡ F
GZx(1,0)

. We are interested in how the right tail of the

distribution of revenue varies. This is:

lim
R→∞

log Pr (Revenue > R)

logR
= lim

R→∞

log Pr (E(A) > R)

logR
= lim

R→∞

log Pr (A > E−1(R))

logR

We assumed a condition on distribution of productivity as it approaches the upper bound Ā, and we

can use that to get

lim
R→∞

log Pr (Revenue > R)

logR
= lim

R→∞

log Pr (A > E−1(R))

log (1− E−1(R)/A∗)
lim
R→∞

log (1− E−1(R)/A∗)

logR

=κ lim
R→∞

log (1− E−1(R)/A∗)

logR

Since E
(
Â(s)

)
approaches infinity as scalability k approaches infinity, we can express this as

lim
R→∞

log Pr (Revenue > R)

logR
=κ lim

E(Â(k))→∞

log
(

1− E−1
(
E
(
Â(s)

))
/A∗
)

logE
(
Â(k)

)
=κ lim

s→∞

log
(

1− E−1
(
E
(
Â(k)

))
/A∗
)

logE
(
Â(k)

)
=κ lim

s→∞

log
{

1−
[

z(k)
kz′(k)2

F
G

]
/A∗
}

log
{

z(k)
kz′(k)2

F [z(k)− kz′(k)]
}

Using A∗ ≡ F
GZx(1,0)

and rearranging gives

lim
R→∞

log Pr (Revenue > R)

logR
= κ lim

s→∞

log
{

1− z(k)
kz′(k)2

Zx(1, 0)
}

log
{
F z(k)
kz′(k)

z(k)−kz′(k)
z′(k)

}

5



We can rearrange the limit into four terms. as follows

lim
R→∞

log Pr (Revenue > R)

logR
=κ lim

k→∞

log( zk−z′)
− log k

log

{
z′(k)2
Zx(1,0)

− z(k)
k

}
log( zk−z′)

−
log

Zx(1,0)

z′(k)2

log k

log
{
F

z(k)

kz′(k)
z(k)−kz′(k)

z′(k)

}
− log k

=κ
B1B2 −B3

B4

Lemma 1 shows that B2 ≡ lims→∞
log

{
z′(k)2
Zx(1,0)

− z(k)
k

}
log( zk−z′)

= 1. Since limk→∞ z
′(k) = Zx(1, 0) ∈ (0,∞),

B3 ≡ limk→∞
log

Zx(1,0)

z′(k)2

log k
= 0. Finally, noting that L’Hopital’s rule and the definition of σ give

limk→∞
log

z(k)−kz′(k)
z′(k)

log k
= limk→∞ σ(k) = σ̄, the limits of B1 and B4 are, respectively,

B1 ≡ lim
k→∞

log
(
z
k
− z′

)
− log k

= lim
k→∞

log
(
z−z′k
z′

)
− log k + log z′

− log k
= − 1

σ̄
+ 1 + 0 =

σ̄ − 1

σ̄

B4 ≡ lim
k→∞

log
{
F z(k)
kz′(k)

z(k)−kz′(k)
z′(k)

}
− log s

= lim
k→∞

log
{
F z(k)
kz′(k)

}
− log k

+
log z(k)−kz′(k)

z′(k)

− log k
= 0− 1

σ̄
= − 1

σ̄

Together, these imply that

lim
R→∞

log Pr (Revenue > R)

logR
= −κ (σ̄ − 1)

A.5 Intermediate Model

In this section we study an intermediate version of the model. We later will show that more general

model in the next section can be mapped exactly into this intermediate model.

Consider the problem of a firm with a fixed capacity of attention

πi = max
xi,yi,Ni

GNφ
i (AiZ(xi, yi))

ψ − FNω
i subject to xi +Niyi ≤ 1

As in the simple model, we can express the firm’s problem in terms of scalability and scope. Let

ki ≡ xi
yi

and z(k) ≡ Z(k, 1). Let σ(k) ≡ − z′(z−kz′)
kzz′′

be the elasticity of substitution between scalable

and local knowledge, and let Si ≡ xi
xi+Niyi

be the share of knowledge devoted to scalable expertise.

The firm’s problem can be expressed as

πi = max
ki,yi,Ni

GNφ
i (Aiz(ki)yi)

ψ − FNω
i subject to yi ≤

1

ki +Ni

6



Substituting in the constraint by eliminating yi gives

πi = max
ki,Ni

GAψi N
φ
i

(
z(ki)

ki +Ni

)ψ
− FNω

i (33)

Abusing notation, we can express the firm’s profit as

πi = max
N

π(N ;GAψi )

where

π(N ;GAψi ) ≡ max
k
GAψi N

φ

(
z(k)

k +N

)ψ
− FNω.

Given N , this is a strictly concave problem with an interior solution, so the first order condition
z′(k)
z(k)

= 1
k+N

is necessary and sufficient to characterize the choice of k. This first order condition

defines a function K(N). Note that NK′(N)
K(N)

= σ (K(N)).30 We can thus express the firm’s decision

as

πi = max
N

π(N ;GAψi ) = max
N

GAψi N
φ

(
z(K(N))

K(N) +N

)ψ
− FNω

This is a unidimensional problem and we are interested in finding conditions under which there is

a unique solution that is interior. To do this, we examine the first order condition

φGAψi N
φ−1

(
z(K(N))

K(N) +N

)ψ
− ψ 1

K(N) +N
GAψi N

φ

(
z(K(N))

K(N) +N

)ψ
− ωFNω−1 = 0

Define the function

H(N) =
GAψi
Fω

Nφ−ω
(
z (K(N))

K(N) +N

)ψ (
φ− ψ N

K(N) +N

)
The first results about the existence and uniqueness of a solution concern finding conditions under

which limN→0 H(N) > 1, limN→∞H(N) < 1, and such that H(N) is strictly decreasing for any N∗

such that H(N∗) = 1.

To find how a change in demand affects firm choices, we can differentiate the first order condition

H(N) = 1 with respect to G. This gives the following claim

Proposition 12 Suppose that there is a unique optimum that is interior. Then

d lnNi

d lnG
=

1

ω − φ+ ψ(1− Si) + ψ(1−Si)
φ−ψ(1−Si)Si(1− σi)

(34)

where Si = xi
xi+Niyi

= ki
ki+Ni

is firm i’s scalable share of knowledge and σi is the local elasticity of

30Differentiating z′(k)
z(k) = 1

k+N gives d ln k
d lnN

[
kz′′

z′ −
kz′

z

]
= − k

k+N
d ln k
d lnN −

N
k+N . Using k

k+N = kz′(k)
z(k) , this can be

rearranged as d ln k
d lnN = −

[
z′

kz′′

]
z−kz′
z = σ.

7



substitution.

Proof 3 Let N
(
GAψi , k

)
be the optimal choice of scope given productivity, demand, and the choice

of scalability, which satisfies the first order conditionφ− ψ N
(
GAψi , k

)
k + N

(
GAψi , k

)
GAψi N

(
GAψi , k

)φ z(k)

k + N
(
GAψi , k

)
ψ

= ωFN
(
GAψi , k

)ω
The optimal choice of N satisfies the fixed point problem of

Ni = N
(
GAψi ,K(Ni)

)
How does the choice of scope change with demand? Taking logs, differentiating, and rearranging

gives (and using the notation NG and Nk to denote partial derivatives with respect to the first and

second arguments, respectively):

d lnNi

d lnG
=
GNG

N
+

K(Ni)Nk

N
NiK′(Ni)

K(Ni)

d lnNi

d lnG

=
GNG
N

1− σiK(Ni)Nk
N

These derivatives are:

−ψ N
k+N

φ− ψ N
k+N

(
GNG

N
− N
k + N

GNG

N

)
+ 1 + φ

GNG

N
− ψ N

k + N
GNG

N
= ω

GNG

N

−ψ N
k+N

φ− ψ N
k+N

(
kNk

N
− k

k + N
− N
k + N

kNk

N

)
+ φ

kNk

N
+ ψ

(
kz′ (k)

z (k)
− k

k + N
− N
k + N

kNk

N

)
= ω

kNk

N

Solving for GNG
N and kNk

N , evaluating at the optimal N and k, and using S = k
k+N

gives

GNG

N
=

1

ω − φ+ ψ (1− S) + ψ(1−S)
φ−ψ(1−S)

S

kNk

N
=

ψ(1−S)
φ−ψ(1−S)

S

ω − φ+ ψ(1− S) + ψ(1−S)
φ−ψ(1−S)

S

8



Plugging these in and rearranging gives

d lnN

d lnG
=

1

ω−φ+ψ(1−S)+
ψ(1−S)

φ−ψ(1−S)S

1− σ
ψ(1−S)

φ−ψ(1−S)S

ω−φ+ψ(1−S)+
ψ(1−S)

φ−ψ(1−S)S

=
1

ω − φ+ ψ(1− S) + ψ(1−S)
φ−ψ(1−S)

S(1− σ)

The responses of other outcomes to a shift in demand can also summarized in terms of scalability.

For other outcomes:

d ln k

d lnG
=
d lnx/y

d lnG
= σ

d lnN

d lnG
(35)

d ln S
1−S

d lnG
=
d ln kz′(k)

z(k)−kz′(k)

d ln k

d ln k

d lnG
=

(
1 +

kz′′

z′
− kz′ − z′′k

z − kz′

)
σ
d lnN

d lnG
= (σ − 1)

d lnN

d lnG
(36)

d lnR

d lnG
=
d lnGAψNφ

(
z(k)
k+N

)ψ
d lnG

= 1 + [φ− ψ(1− S)]
d lnN

d lnG
(37)

d ln R̄

d lnG
= 1 + [φ− 1− ψ(1− S)]

d lnN

d lnG
(38)

A.5.1 Intermediate Model, Case 1: σ < 1

Assumption 4 The parameters of the intermediate model satisfy

(i) σ < 1

(ii) ω ≥ φ

(iii) If ω = φ then Ai > Ā, where Ā satisfies
GĀψi Zx(0,1)

F
= 1.

Proposition 13 Suppose that Assumption 4 holds. Then there exists a unique solution, and it is

interior.

Proof 4 First, σ < 1 implies that K(N)
N

is strictly decreasing in N . To see this, note that d ln(K(N)/N)
d lnN

=

σ (K(N))− 1 < 0. As a result φ−ψ N
K(N)+N

is strictly decreasing in N whenever it is positive. Sec-

ond, z(K(N))
K(N)+N

is strictly decreasing in N : since K(N) maximizes z(K(N))
K(N)+N

, the envelope theorem gives

d
dN

(
z(K(N))
K(N)+N

)
= d

dN
maxk

(
z(k)
k+N

)
= − z(K(N))

(K(N)+N)2
< 0. Finally Nφ−ω is weakly decreasing in N . H(N)

is thus continuous and strictly decreasing whenever it is positive:

H(N) =
GAψi
Fω

Nφ−ω︸ ︷︷ ︸
weakly

decreasing

(
z (K(N))

K(N) +N

)ψ
︸ ︷︷ ︸
strictly decreasing

(
φ− ψ N

K(N) +N

)
︸ ︷︷ ︸

strictly decreasing

9



In other words, if φ ≥ ψ, then H(N) is strictly decreasing for all N . If φ < ψ, letting N̄ denote

the unique positive solution to φ = ψ N̄

K(N̄)+N̄
, H(N) is strictly decreasing on

[
0, N̄

]
, H

(
N̄
)

= 0,

H(N) < 0 for N > N̄ .

We next show that limN→0 H(N) > 1. σ < 1 implies limN→0
K(N)
N

= ∞ and limx→0 Zx (x, y) <

∞, or equivalently limk→0
z(k)
k

= Zx (0, 1) < ∞. The former implies limN→0
N

K(N)+N
= 0, and

together, they imply limN→0
z(K(N))
K(N)+N

= limN→0
K(N)

K(N)+N
limN→0

z(K(N))
K(N)

= 1 × limk→0
z(k)
k

= Zx (0, 1).

Together, these imply that

lim
N→0

H(N) =
GAψi
Fω

(
lim
N→0

Nφ−ω
)(

lim
N→0

z (K(N))

K(N) +N︸ ︷︷ ︸
=Zx(0,1)

)ψ
lim
N→0

(
φ− ψ N

K(N) +N

)
︸ ︷︷ ︸

=φ

If ω > φ, then limN→0N
φ−ω = ∞ and hence limN→0 H(N) = ∞. If φ = ω then Nφ−ω = 1 and

limN→0 H(N) =
GAψi
Fω

Zx(0, 1)ψφ =
GAψi Zx(0,1)ψ

F
> 1.

If ψ > φ, then we are done: H(N) is continuous and strictly decreasing on N ∈
[
0, N̄

]
with

H (0) > 1, H
(
N̄
)

= 0, and H(N) < 0 for N > N̄ . Thus there is a unique N∗ that satisfies

H (N∗) = 1, and N∗ ∈
(
0, N̄

)
.

We complete the proof by showing that, in the case of φ ≥ ψ, limn→∞H(N) = 0. σ < 1 implies

limx→∞ Zx(x, y) = 0, or equivalently limk→∞ z
′(k) = 0. Since K′(N) > 0, K′(N)

K′(N)+1
∈ (0, 1). Together,

these imply limN→∞
z(K(N))
K(N)+N

= limN→∞
z′(K(N))K′(N)

K′(N)+1
≤ limN→∞ z

′ (K(N)) = limk→∞ z
′(k) = 0. In

addition, limN→∞
N

K(N)+N
= 1 We thus have

lim
N→∞

H(N) =
GAψi
Fω

lim
N→∞

Nφ−ω︸ ︷︷ ︸
≤1

lim
N→∞

(
z (K(N))

K(N) +N

)ψ
︸ ︷︷ ︸

=0

lim
N→∞

(
φ− ψ N

K(N) +N

)
︸ ︷︷ ︸

=φ−ψ

= 0

Proposition 14 Suppose Assumption 4 holds. Then a firm responds to higher demand by in-

creasing size, scope, and scalability, but decreasing the scalable share of expertise: d lnN
d lnG

> 0,

d ln k
d lnG

= d lnx/y
d lnG

> 0,
d ln S

1−S
d lnG

< 0, d lnR
d lnG

> 0. If ω ≥ 1, then the firm responds to an increase in

demand by raising size per unit, d ln R̄
d lnG

> 0.

Proof 5 We begin with the response of scope. With σ < 1 and ω ≥ φ, all terms in the denominator

of (34) are weakly positive, as φ > ψ(1−S) at any interior solution. Further, if S ∈ (0, 1) then the

denominator must be strictly positive. Therefore d lnN
d lnG

> 0.

d ln k
d lnG

= d lnx/y
d lnG

> 0,
d ln S

1−S
d lnG

< 0 and d lnR
d lnG

> 0 follow directly from (35), (36), and (37) using

σ ∈ [0, 1) and φ > ψ(1− S).

10



For size per unit, (38) and (34) give

d ln R̄

d lnG
= 1 +

[φ− 1− ψ(1− S)]

ω − φ+ ψ(1− S) + ψ(1−S)
φ−ψ(1−S)

S(1− σ)

=
ω + ψ(1−S)

φ−ψ(1−S)
S(1− σ)− 1

ω − φ+ ψ(1− S) + ψ(1−S)
φ−ψ(1−S)

S (1− σ)

which is positive for S ∈ (0, 1) if ω ≥ 1.

Proposition 15 Suppose Assumption 4 holds. Suppose further that, if φ > ψ, that ω ≥ 1−σ. For

firms with higher scalable share of knowledge, size is more sensitive to a change in demand, i.e.,
d
dS

d lnR
d lnG

> 0.

Proof 6 The response of size to demand is

d lnR

d lnG
= 1 +

[φ− ψ(1− S)]

ω − φ+ ψ(1− S) + ψ(1−S)
φ−ψ(1−S)

S(1− σ)

= 1 +
[φ− ψ(1− S)]

ω − (φ− ψ(1− S)) +
(

φ
φ−ψ(1−S)

− 1
)
S(1− σ)

Differentiating and letting Denom ≡ ω − (φ− ψ(1− S)) +
(

φ
φ−ψ(1−S)

− 1
)
S(1− σ) gives

d

dS

d lnR

d lnG
=

ψ

Denom
+
φ− ψ(1− S)

Denom2

{
ψ +

φ

[φ− ψ(1− S)]2
S(1− σ)ψ −

(
φ

φ− ψ(1− S)
− 1

)[
(1− σ)− S dσ

dS

]}
=

ψ

Denom2

{
Denom+ [φ− ψ(1− S)] +

φ

φ− ψ(1− S)
S(1− σ)− (1− S)

[
(1− σ)− S dσ

dS

]}
=

ψ

Denom2

{
ω +

(
2

φ

φ− ψ(1− S)
− 1

)
S(1− σ)− (1− S)

[
(1− σ)− S dσ

dS

]}
=

ψ

Denom2

{
ω +

(
2

φS

φ− ψ(1− S)
− 1

)
(1− σ) + (1− S)S

dσ

dS

}

Since S is inversely related to scalability, dσ
dS

is weakly positive as long as σ is non-increasing in

scalability. Consider first φ ≤ ψ. Then φS
φ−ψ(1−S)

≥ 1, so that the term in brackets is positive.

Consider next φ > ψ. Then φS
φ−ψ(1−S)

∈ [0, 1] and the term in brackets is positive as long as

ω > 1− σ.

Proposition 16 Suppose Assumption 4 holds. Suppose also that φ ≤ ψ and that σ is non-

increasing in scalability. Then, in response to the same increase in demand, firms with higher

11



scalable share of expertise raise scope and scalability by more, i.e.,

d

dS

(
d lnN

d lnG

)
> 0,

d

dS

(
d lnx/y

d lnG

)
> 0 .

Proof 7 The expression for the scope elasticity from Proposition 12 can be rearranged as

d lnNi

d lnG
=

1

ω − φ+ ψ(1− Si) + (1− Si) ψSi
φ−ψ(1−Si)(1− σi)

(39)

Note that ψ ≥ φ implies that ψSi
φ−ψ(1−Si) is weakly decreasing in Si. Further, if σ is non-increasing in

scalability, then (1− σ) is non-increasing in the scalable share of expertise (because S is decreasing

in x/y). Together, these imply that the denominator of 39 is strictly decreasing in S, and hence
d lnNi
d lnG

is strictly increasing in S.

Since σ is weakly increasing in S and σ ∈ [0, 1), d lnx/y
d lnG

= σ d lnN
d lnG

is increasing in S.

A.5.2 Intermediate Model, Case 2: σ > 1

Proposition 17 If σ ∈ (1, 1 + ω), ω ≥ φ ≥ ψ, and, if ω = φ = ψ then
GAψi
F
Zx(1, 0)ψ < 1. Then

there exists a unique solution, and it is interior.

Proof 8 Consider first N → 0. Since limN→0
N

K(N)+N
= 1. Suppose first that φ > ψ. Then

limN→0

(
φ− ψ N

K(N)+N

)
= φ − ψ. Also, since Z (0, 1) > 0, limN→0

z(K(N))
K(N)+N

= limn→0
Z(0,1)

K(N)+N
= ∞.

We thus have

lim
N→0

H(N) =
GAψi
Fω

lim
N→0

Nφ−ω︸ ︷︷ ︸
≥1

lim
N→0

(
z (K(N))

K(N) +N

)ψ
︸ ︷︷ ︸

=∞

lim
N→0

(
φ− ψ N

K(N) +N

)
︸ ︷︷ ︸

=φ−ψ>0

=∞

Next suppose φ = ψ. Since σ < 1 + ω implies that limN→0
K(N)
N1+ω = ∞. To see this, note that

since σ (0) < 1 + ω, and σ is continuous, so that there is a k̄ and a σ̃ ∈ (σ (0) , 1 + ω) such

that σ (k) ≤ σ̃ for all k ∈
[
0, k̄
]
. Since NK′(N)

K(N)
= σ (K(N)) ≤ σ̃, which implies that for k < k̄,

K(N) ≥ k̄K−1
(
k̄
)−σ̃

N σ̃, so limN→0
K(N)
N1+ω ≥ limN→0

k̄K−1(k̄)
−σ
N σ̃

N1+ω =∞. Using this, we have

lim
N→0

H(N) =
GAψi
Fω

φZ (0, 1)ψ lim
N→0

Nφ−ω
(

1

K(N) +N

)φ K (N)

K(N) +N

=
GAψi
Fω

φZ (0, 1)ψ lim
N→0

K(N)

N1+ω

= ∞

Consider next N → ∞. Since limN→∞
N

K(N)+N
= 0, limN→∞ φ − ψ N

K(N)+N
= φ. In addi-

tion, limN→∞ z
′ (K(N)) = limk→∞ z

′(k) = Zx(1, 0) > 0. We also have limN→∞
K′(N)+1
K′(N)

= 1 +

12



limN→∞
1

K′(N)
= 1+limN→∞

N
K(N)

NK′(N)
K(N)

= 1. Together, these imply limN→∞
z(K(N))
K(N)+N

= limN→∞
z′(K(N))K′(N)

K′(N)+1
=

Zx(1, 0).

lim
N→∞

H(N) =
GAψi
Fω

lim
N→∞

Nφ−ω lim
N→∞

(
z (K(N))

K(N) +N

)ψ
︸ ︷︷ ︸

=Zx(1,0)ψ

lim
N→∞

(
φ− ψ N

K(N) +N

)
︸ ︷︷ ︸

=φ

=
GAψi
Fω

φZx(1, 0)ψ lim
N→∞

Nφ−ω

If φ < ω, then limN→∞H (N) = 0. If φ = ω, limN→∞H(N) < 1 only if
GAψi
F
Zx(1, 0)ψ < 1.

Finally, we find conditions under which H(N) is decreasing

H(N) =
GAψi
Fω

Nφ−ω
(
z (K(N))

K(N) +N

)ψ (
φ− ψ N

K(N) +N

)
Consider any N such that S ∈ (0, 1). Taking logs and differentiating gives

d lnH(N)

d lnN
= φ− ω + ψ

d ln
(
z(K(N))
K(N)+N

)
d lnN

+
−ψ N

K(N)+N

φ− ψ N
K(N)+N

d ln N
K(N)+N

d lnN

= φ− ω + ψ

[
K(N)z′ (K(N))

z (K (N))

NK′(N)

K(N)
−

K(N)d lnK(N)
d lnN

+N

K(N) +N

]
+
−ψ N

K(N)+N

φ− ψ N
K(N)+N

(
1−

K(N)d lnK(N)
d lnN

+N

K(N) +N

)

= φ− ω + ψ [Sσ − (Sσ + (1− S))] +
−ψ(1− S)

φ− ψ (1− S)
S(1− σ)

= φ− ω − ψ(1− S)− ψ(1− S)

φ− ψ(1− S)
S(1− σ)

=
ψ

φ− ψ(1− S)

{[
φ− ω
ψ
− (1− S)

]
[φ− ψ (1− S)]− (1− S)S(1− σ)

}
Using φ ≥ ψ and φ − ω ≤ 0, we can derive an upper bound by substituting φ for ψ inside the

curly brackets:

d lnH(N)

d lnN
≤ ψ

φ− ψ(1− S)

{[
φ− ω
φ
− (1− S)

]
[φ− φ(1− S)]− (1− S)S(1− σ)

}
=

ψ

φ− ψ(1− S)

{[
φ− ω
φ
− (1− S)

]
φS − (1− S)S (1− σ)

}
=

ψ

φ− ψ(1− S)
S {[φ− ω − (1− S)φ]− (1− S)(1− σ)}

=
ψS

φ− ψ(1− S)
{(φ− ω)S − (ω + (1− σ)) (1− S)}

< 0

13



Thus for any N such that S ∈ (0, 1) (i.e., and N ∈ (0,∞)) d lnH(N)
d lnN

< 0. This means that there is

a unique N∗ such that H (N∗) = 1, and it is interior and the global optimum.

Assumption 5 Assume σ ∈ (1, 1 + ω) and ω > φ ≥ ψ.

Proposition 18 Suppose that Assumption 5 holds. Firms respond to increase in demand by in-

creasing size, scope, scalability, and the scalable share of knowledge: d lnR
d lnG

> 0, d lnN
d lnG

> 0, d lnx/y
d lnG

>

0,
d ln S

1−S
d lnG

> 0. If ω is sufficiently large (ω > σ), then firms respond to an increase in demand by

raising size per unit, i.e., d ln R̄
d lnG

> 0.

Proof 9 We first show that scope increases with demand. To do this, we rearrange (34) as

d lnN

d lnG
=

1

ψ
φ−ψ(1−S)

{[
ω−φ
ψ

+ (1− S)
]

[φ− ψ(1− S)] + (1− S)S(1− σ)
}

To show that the term in the curly brackets is positive for S ∈ (0, 1), we can use φ ≥ ψ to get[
ω − φ
ψ

+ (1− S)

]
[φ− ψ(1− S)] ≥

[
ω − φ
φ

+ (1− S)

]
[φ− φ(1− S)]

=

[
ω − φ
φ

+ (1− S)

]
φS

= (ω − φ)S2 + (1− S)Sω

> (1− S)S(σ − 1)

where the last line uses ω ≥ φ and ω > σ.

The positive responses of revenue, scalability, and scalable share directly from d lnN
d lnG

> 0 and

(37), (35), (36).

For size per unit, (38) and (34) give

d ln R̄

d lnG
= 1 +

[φ− 1− ψ(1− S)]

ω − φ+ ψ(1− S) + ψ(1−S)
φ−ψ(1−S)

S(1− σ)

=
ω + ψ(1−S)

φ−ψ(1−S)
S(1− σ)− 1

ω − φ+ ψ(1− S) + ψ(1−S)
φ−ψ(1−S)

S (1− σ)

=

[
ω +

ψ(1− S)

φ− ψ(1− S)
S(1− σ)− 1

]
d lnN

d lnG

The term in brackets is positive because ψ(1−S)
φ−ψ(1−S)

S ≤ φ(1−S)
φ−φ(1−S)

S = 1−S ≤ 1, so that ψ(1−S)
φ−ψ(1−S)

S(1−
σ) ≥ (1−σ). Thus if ω > σ, then the term in brackets is strictly positive. This along with d lnN

d lnG
> 0

implies that d ln R̄
d lnG

> 0.
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Proposition 19 Suppose that assumption 5 holds and that σ is non-decreasing in scalability. Then

firms with higher scalability have a higher sensitivity of size to demand, i.e., d
dS

(
d lnR
d lnG

)
> 0.

Proof 10 The response of size to demand is

d lnR

d lnG
= 1 +

[φ− ψ(1− S)]

ω − φ+ ψ(1− S) + ψ(1−S)
φ−ψ(1−S)

S(1− σ)

= 1 +
[φ− ψ(1− S)]

ω − (φ− ψ(1− S)) +
(

φ
φ−ψ(1−S)

− 1
)
S(1− σ)

Differentiating and letting Denom ≡ ω − (φ− ψ(1− S)) +
(

φ
φ−ψ(1−S)

− 1
)
S(1− σ) gives

d

dS

d lnR

d lnG
=

ψ

Denom
+
φ− ψ(1− S)

Denom2

{
ψ +

φ

[φ− ψ(1− S)]2
S(1− σ)ψ −

(
φ

φ− ψ(1− S)
− 1

)[
(1− σ)− S dσ

dS

]}
=

ψ

Denom2

{
Denom+ [φ− ψ(1− S)] +

φ

φ− ψ(1− S)
S(1− σ)− (1− S)

[
(1− σ)− S dσ

dS

]}
=

ψ

Denom2

{
ω +

(
2

φ

φ− ψ(1− S)
− 1

)
S(1− σ)− (1− S)

[
(1− σ)− S dσ

dS

]}
=

ψ

Denom2

{
ω +

(
2

φS

φ− ψ(1− S)
− 1

)
(1− σ) + (1− S)S

dσ

dS

}
ψ

Denom2

{
ω + 1− σ + 2

(
1− φS

φ− ψ(1− S)

)
(σ − 1) + (1− S)S

dσ

dS

}
The term in brackets is positive because ω + 1− σ > 0 and φ ≥ ψ which implies φS

φ−ψ(1−S)
∈ [0, 1].

Proposition 20 Suppose that Assumption 5 holds. Suppose also that σ < 1 + φ and that σ is

non-decreasing in k. Then firms with higher scalability respond to an increase in demand by raising

scope, scalability, and the scalable share of expertise. i.e.,

d

dS

(
d lnN

d lnG

)
> 0,

d

dS

(
d ln k

d lnG

)
> 0,

d

dS

(
d ln S

1−S

d lnG

)
> 0.

Proof 11 We first show that if σ ≤ 1 + φ then d lnN
d lnG

is increasing in S. Recall from (34) as that

we can express the response to scope as

d lnN

d lnG
=

1

ω − φ+ ψ(1− S)
{

1− φS
φ−ψ(1−S)

σ−1
φ

}
Note that φS

φ−ψ(1−S)
∈ [0, 1] and is increasing in S. Since (1−S) is decreasing in S and 1− φS

φ−ψ(1−S)
1−σ
φ

is decreasing in S (because σ−1
φ
≤ 1 and σ is weakly increasing in S), so that the denominator is

decreasing in S. As a result, d lnN
d lnG

is increasing in S.
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Since σ is weakly increasing in S and σ > 1, d ln k
d lnG

= σ d lnN
d lnG

and
d ln S

1−S
d lnG

= (σ − 1)d lnN
d lnG

are both

increasing in S.

A.6 General Model

The firm’s profit is

πi = max
N,x,y,E

GNφ [AiZ (x, y)]ψ − FNω −HEγ subject to xµ +Nyµ ≤ E

Let z (k) = Z
(
k1/µ, 1

)µ
, where k =

(
x
y

)µ
. This can be expressed as

πi = max
N,k,y,E

GNφAψi z(k)ψ/µyψ − FNω −HEγ subject to (k +N)yµ ≤ E

Eliminating y gives

πi = max
N,k,E

GNφAψi

[
z(k)

E

k +N

]ψ/µ
− FNω −HEγ

= max
N,k,E

GAψi N
φ

(
z(k)

k +N

)ψ/µ
Eψ/µ − FNω −HEγ

The optimal choice of E satisfies

GAψi N
φ

(
z(k)

k +N

)ψ/µ
ψ

µ
Eψ/µ−1 = γHEγ−1

or E =

[
GAψi N

φ
(
z(k)
k+N

)ψ/µ
ψ
γµ

1
H

] 1
γ−ψ/µ

. Plugging this into the expression for profit yields

πi = max
N,k

{
1− ψ

γµ

}[
ψ

γµ

1

H

] ψ/µ
γ−ψ/µ

[
GAψi N

φ

(
z(k)

k +N

)ψ/µ] 1

1− ψ
γµ

− FNω

Define the following variables

φ̃ = φ
1

1− ψ
γµ

ψ̃ =

ψ
µ

1− ψ
γµ

Ãi =
Aµi
H1/γ

G̃ =

{
1− ψ

γµ

}[
ψ

γµ

] ψ̃
γ

G
1

1− ψ
γµ

16



Substituting these into the expression for firm i’s profit gives

πi = max
N,k

G̃Ãψ̃i N
φ̃

(
z(k)

k +N

)ψ̃
− FNω

Note that the maximization problem is the same as (33) of the intermediate model, so the same

analysis applies. Further, as in the medium version of the problem, the scalable share of knowledge

is

S ≡ xµ

xµ +Nyµ
=

k

k +N

Finally, G̃ =
{

1− ψ
γµ

}[
ψ
γµ

] ψ̃
γ
G

1

1− ψ
γµ and x/y = k1/µ imply

d lnR

d lnG
=

(
1− ψ

µγ

)
d lnR

d ln G̃
> 0 (40)

d lnN

d lnG
=

(
1− ψ

µγ

)
d lnN

d ln G̃
> 0 (41)

d lnx/y

d lnG
=

1

µ

(
1− ψ

µγ

)
d ln k

d ln G̃
> 0 (42)

d lnS

d lnG
=

(
1− ψ

µγ

)
d lnS

d ln G̃
> 0 (43)

d ln R̄

d lnG
=

(
1− ψ

µγ

)
d ln R̄

d ln G̃
> 0 (44)

Lemma 2 Let σ (x/y) be the elasticity of substitution of Z (x, y) and let σ̃ (x̃/ỹ) be the elasticity

of substitution of the production function Z̃ (x̃, ỹ) ≡ Z
(
x̃1/µ, ỹ1/µ

)µ
. Then σ and σ̃ are related by

σ̃(k)−1
σ̃(k)

= 1
µ

σ(k1/µ)−1

σ(k1/µ)
.

Proof 12 Note that σ = ZxZy
ZZxy

, and σ̃ =
Z̃x̃Z̃ỹ
Z̃Z̃x̃ỹ

. Since both Z and Z̃ exhibit constant returns to scale,

their derivatives are linked by

Z̃ (k, 1) = Z
(
k1/µ, 1

)µ
The first derivatives are linked by

Z̃x̃ = Zµ−1Zxk
1/µ−1

or, letting α ≡ kZ̃x̃(k,1)

Z̃(k,1)
,

α ≡ kZ̃x̃

Z̃
=
k
(
Zµ−1Zxk

1/µ−1
)

Zµ
=
k1/µZx
Z

Constant returns to scale implies

Z̃ỹ (k, 1) = Z̃ − kZ̃x = Zµ − Zµ−1Zxk
1/µ

17



Differentiating once more with respect to k gives an expression for the cross-derivative:

Z̃x̃ỹ (k, 1) = Zµ−1Zxk
1/µ−1 −

(
1− 1

µ

)
Zµ−2Z2

xk
1/µk1/µ−1 − 1

µ
Zµ−1Zxyk

1/µk1/µ−1 − 1

µ
Zµ−1Zxk

1/µ−1

Using α = k1/µZx
Z

= 1−Zy
Z

, the fact that constant returns to scale of Z implies that k1/µZxx
(
k1/µ, 1

)
=

−Zxy
(
k1/µ, 1

)
, and σ ≡ ZxZy

ZZxy
, we can rearrange this as

kZ̃x̃ỹ (k, 1)

Z̃ (k, 1)
=

Zxk
1/µ

Z
−
(

1− 1

µ

)(
Zxk

1/µ

Z

)2

− 1

µ

k1/µk1/µZxx
Z

− 1

µ

Zxk
1/µ

Z

= α−
(

1− 1

µ

)
α2 +

1

µ
α (1− α)

ZZxy
ZxZy

− 1

µ
α

= α (1− α)

[(
1− 1

µ

)
+

1

µ

1

σ

]
Finally, the σ̃ can be expressed as

1

σ̃
=

Z̃Z̃x̃ỹ

Z̃x̃Z̃ỹ
=

1
kZ̃x̃
Z̃

1
Z̃ỹ
Z̃

kZ̃x̃ỹ

Z̃
=

1

α (1− α)
α (1− α)

[(
1− 1

µ

)
+

1

µ

1

σ

]
=

(
1− 1

µ

)
+

1

µ

1

σ

Note that this can be rearranged as
σ̃ − 1

σ̃
=

1

µ

σ − 1

σ

Note that σ̃ is between 1 and σ, and approaches 1 as µ grows large.

A.6.1 General Model, Substitutes: σ > 1

Let σ̃ satisfy σ̃−1
σ̃

= 1
µ
σ−1
σ

. Note that σ̃

Assumption 6 The parameters satisfy

• 1 < σ̃ < ω

• 1− φ
ω
− ψ

µγ
≥ 0

• φ ≥ ψ
µ

• If 1− φ
ω
− ψ

µγ
= 0 and φ = ψ

µ
, then

(
1− ψ

γµ

)1− ψ
γµ
[
ψ
γµ

] ψ
γµ GAψi Zx(1,0)

ψ
µ

F
1− ψ

γµH
ψ
γµ

< 1

Proposition 21 Under Assumption 6, there is a unique solution, and it is interior.
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Proof 13 From Proposition 17, there is a unique solution that is interior if if 1 < σ̃ < ω and

ω ≥ φ̃ ≥ ψ̃, and, if ω = φ̃ = ψ̃, that
G̃Ãψ̃i
F
Zx(1, 0)ψ̃ < 1. These conditions are equivalent to

Assumption 5.

Proposition 22 Suppose that Assumption 6 holds. Firms respond to an increase in demand by

increasing size, scope, scalability, and the scalable share of knowledge: d lnR
d lnG

> 0, d lnN
d lnG

> 0, d lnx/y
d lnG

>

0, and
d ln S

1−S
d lnG

> 0. If ω is sufficiently large, then ω > σ̃, then firms respond to an increase in demand

by increasing size per unit, d ln R̄
d lnG

> 0.

Proof 14 This follows from Proposition 18 and (40), (41), (42), (43), and (44).

Proposition 23 Suppose that Assumption 6 holds and that σ is non-decreasing in scalability. Then

firms with higher scalability have a higher sensitivity of size to demand, i.e., d
dS

(
d lnR
d lnG

)
> 0.

Proof 15 This follows from Proposition 19 and (40).

Proposition 24 Suppose that Assumption 6 holds. Suppose further that σ̃ ≤ 1 + φ

1− ψ
µγ

and that σ

is non-decreasing in scalability. Then firms with higher scalability respond to an increase in demand

by raising scope, scalability, and the scalable share of knowledge by more, i.e.,

d

dS

(
d lnN

d lnG

)
> 0,

d

dS

(
d lnx/y

d lnG

)
> 0,

d

dS

(
d lnS

d lnG

)
> 0

Proof 16 This follows from Proposition 20 and (41), (42), and (43).

A.6.2 General Model, Complements: σ < 1.

Again, let σ̃ satisfy σ̃−1
σ̃

= 1
µ
σ−1
σ

. Note that σ̃ ∈ (σ, 1), with σ̃(σ, µ) approaching 1 as µ grows large.

Assumption 7 The parameters satisfy

• σ̃ < 1

• 1− φ
ω
− ψ

µγ
≥ 0

• If 1− φ
ω
− ψ

µγ
= 0, then

{
1− ψ

γµ

}1− ψ
γµ
[
ψ
γµ

] ψ
γµ GAψi Zx(0,1)

ψ
µ

F
1− ψ

γµH
ψ
γµ

> 1

Proposition 25 Under Assumption 7, there is a unique solution, and it is interior.

Proof 17 From proposition 13, there is a unique solution that is interior if if σ̃ < 1 and ω ≥ φ̃,

and, if ω = φ̃, that
G̃Ãψ̃i
Fi
Zx (1, 0)ψ̃ > 1. These conditions are equivalent to Assumption 4.
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Proposition 26 Suppose that Assumption 7 holds. Firms respond to an increase in demand by

increasing size, scope, and scalability, and decreasing the scalable share of knowledge: d lnR
d lnG

> 0,

d lnN
d lnG

> 0, d lnx/y
d lnG

> 0, and
d ln S

1−S
d lnG

> 0. If ω > 1 then firms respond to an increase in demand by

increasing size per unit, d ln R̄
d lnG

> 0.

Proof 18 This follows from proposition 18 and (40), (41), (42), (43), and (44).

Proposition 27 Suppose that Assumption 7 holds and that σ is non-increasing in scalability. Sup-

pose further that, if φ > ψ
µ

, that ω ≥ 1 − σ̃. Then firms with higher scalability have a higher

sensitivity of size to demand, i.e., d
dS

(
d lnR
d lnG

)
> 0.

Proof 19 This follows from Proposition 15 and (40).

Proposition 28 Suppose that Assumption 7 holds. Suppose further that φ ≤ ψ
µ

and that σ is non-

increasing in scalability. Then firms with higher scalability respond to an increase in demand by

raising scope and scalability by more, i.e.,

d

dS

(
d lnN

d lnG

)
> 0,

d

dS

(
d lnx/y

d lnG

)
> 0

Proof 20 This follows from Proposition 20 and (41) and (42).

A.7 Richer Heterogeneity

The firm’s profit is

πi = max
N,x,y

GNφ [AiZ(x, y)]ψ − FiNω −Hi

[(
x

axi

)µ
+N

(
y

ayi

)µ]γ
We make the substitutions

Ñ =

(
axi
ayi

)µ
N

k = (x/y)µ

z(k) = Z(k1/µ, 1)µ

πi = max
Ñ,k,y

GAψi

(
ayi
axi

)µφ
Ñφz(k)ψ/µyψ − Fi

(
ayi
axi

)µω
Ñω − Hi

(axi )
µγ

[
k + Ñ

]γ
yµγ
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Solving for y, factoring out Fi

(
ayi
axi

)µω
, and making the substitutions

φ̃ =
φ

1− ψ
µγ

ψ̃ =
ψ/µ

1− ψ
µγ

G̃ =

(
1− ψ

γµ

)[
ψ

γµ

] ψ̃
γ

G
1

1− ψ
γµ

Ãi =

[
(axi )

1+ω−φ̃
ψ̃ (ayi )

−ω−φ̃
ψ̃ Ai

]µ
F

1/ψ̃
i H

1/γ
i

yields

πi = Fi

(
ayi
axi

)µω {
max
Ñ,k

G̃Ãψ̃i Ñ
φ̃z(k)ψ̃ − Ñω

}
Let Ri, Ni, xi/yi, and Si be firm i’s size, scope, scalability, and scalable share. Let R̃i ≡ Fi

(
ayi
axi

)µω
Ri

ans S̃i = ki
ki+Ñi

. Since the problem inside the brackets is identical A.6, we can follow the exact

derivations in Appendix A.6 to get that

d ln Ñi

d ln G̃
=

1

ω − φ̃+ ψ̃(1− S̃i) + ψ̃(1−S̃i)
φ̃−ψ̃(1−S̃i)

S̃i(1− σ̃i)

d lnx/y

d ln G̃
= σ̃

d ln Ñ

d ln G̃

d ln S̃
1−S̃

d ln G̃
= (σ̃ − 1)

d ln Ñ

d ln G̃
d ln R̃

d ln G̃
= 1 +

[
φ̃− ψ̃(1− S̃i)

] d ln Ñ

d ln G̃

Finally, note that Si =

(
x
ax
i

)µ
(
x
ax
i

)µ
+N

(
y

a
y
i

)µ = k
k+Ñ

= S̃i, and that Ñi and R̃i are proportional to Ni and

Ri with constants of proportionality that do not change with demand. As a result, the elasticities

of size, scope, size per unit, scalability and scalable share with respect to demand are the same as

in section A.6, and can be expressed in terms of only the scalable share S and parameters that are

common across firms.

Since Si = S̃i = kiz
′(ki)

z(ki)
=

(
xi
yi

)µ
z′
((

xi
yi

)µ)
z
((

xi
yi

)µ) , these elasticities can be expressed in terms of scalability

and parameters that are common across firms.
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Lastly, under Assumptions 2 and 3, the elasticities of size, scope, scalability, and scalable share

are increasing in the scalable share, or equivalently, increasing in scope.
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B Data Appendix

B.1 Datasets

B.1.1 Nielsen Data

The product data comes from the Nielsen Retail Measurement Services (RMS), generated by point-

of-sale systems in retail stores, covering the period 2006-2015. Each individual store reports weekly

sales volume and quantities sold of every barcode that had any sales volume during that week.

A barcode is a 12-digit Universal Product Code (UPC) consisting of 12 numerical digits that is

uniquely assigned to each specific good available in stores. UPCs were created to allow retail

outlets to determine prices and inventory accurately and improve transactions along the supply

chain distribution (Basker and Simcoe, 2017).

The main advantage of the RMS data set is its size and coverage. Overall, the RMS data consists

of sales across retail establishments worth approximately $2 trillion, representing 53% of all sales in

grocery stores, 55% in drug stores, 32% in mass merchandisers, 2% in convenience stores, and 1% in

liquor stores. Another key distinctive feature of this database is that the collection points include

more than 40,000 distinct stores from around 90 retail chains, across 371 metropolitan statistical

areas (MSAs) and 2,500 counties. As a result, the data provide good coverage of the universe

of products and firms in the CPG sector. In comparison to other scanner data sets collected at

the store level, Nielsen RMS covers a much wider range of products and stores. In comparison to

scanner data sets collected at the household level, Nielsen RMS also has a wider range of products

because it reflects the universe of all transactions for the categories it covers, as opposed to the

purchases made by a sample of households.

The original data consist of more than one million distinct products identified by barcodes, orga-

nized into a hierarchical structure. Each barcode is classified into one of the 1070 product modules,

that are organized into 104 product groups, that are then grouped into 10 major departments.

The ten major departments are: Health and Beauty Aids, General Merchandise, Dry Grocery (e.g.,

baby food, canned vegetables), Frozen Foods, Dairy, Deli, Packaged Meat, Fresh Produce, Non-

Food Grocery, and Alcohol. For example, a 31-ounce bag of Tide Pods has UPC 037000930389,

is produced by Procter & Gamble, and belongs to the product module ”Detergent-Packaged” in

product group ”Detergent,” which belongs to the ”Non-Food Grocery” department. The product

group ”Detergent” includes several product modules, including automatic dishwasher compounds,

detergents heavy duty liquid, detergents light duty, detergents packaged, dishwasher rinsing aids,

and packaged soap.

Nielsen RMS data does not include information on manufacturing firms. However, products can

be linked with firms using information obtained from the GS1 US Data Hub. GS1 is the company

that issues to producers the prefix associates with barcodes. In order to issue a UPC, firms must

first obtain a GS1 company prefix. The prefix is a five- to ten-digit number that identifies firms in
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Table A.I: Summary Statistics of Firms by Censoring

All By Censoring Type
Complete Right Left Right&Left

Total # of firms 22,938 4,425 4,726 6,107 7,680

Duration (quarters)
average 23 11 17 16 40
less than 4 16 35 18 20 0
less than 16 44 81 58 61 0
above 28 43 3.9 18 18 100

Sales (quarterly, $1,000)
mean 1,183 8.4 24 111 3,425
25th percentile .6 .1 .1 1.3 8.9
median 6 .5 1.1 6.8 57
75th percentile 52 3.3 7.7 36 366
95th percentile 1,177 32 87 350 7,387

Products (quarterly)
mean 12 2.1 3.2 5.3 27
25th percentile 1 1 1 1.3 2.7
median 2.8 1 1.8 3 6.7
75th percentile 6.6 2.5 3.5 5.5 18
95th percentile 37 5.8 10 16 98

Sectors (quarterly)
mean 1.7 1.1 1.3 1.4 2.4
25th percentile 1 1 1 1 1
median 1 1 1 1 1.4
75th percentile 1.7 1 1.1 1.5 2.5
95th percentile 4 2 2.3 3 6.6

Notes: The table presents summary statistics of firms included in the baseline pooled sample for the period 2006q1-2015q4.
Firms that are already active in 2006q1 and 2006q2 are left-censored, and firms with sales in 2015q3 and 2015q4 are right-
censored. Firms that enter and exit in the period under analysis are classified as “Complete”, firms for which we can determine
entry but not exit are classified as “Right”, firms for which we do not observe entry but we observe exit are classified as “Left”,
and firms for which both entry and exit cannot be determined are both right and left-censored (“Right&Left”). For each of
these categories, we report the total number of observations and statistics on duration, sales, number of firms, and number of
sectors. Under duration, we report the average duration and the share of observations with duration below 4, 16 and above 28
quarters. The duration refers to the number of quarters for which we observe the firms. The statistics for sales are computed
by determining the average quarterly sales (in thousands of dollars), deflated by the Consumer Price Index for All Urban
Consumers. The table presents the average and distribution statistics of the variables total sales, number of products and
number of sectors. Sectors refers to the number of different product groups as classified by Nielsen.

their products’ UPCs. The GS1 data include the name and address of the firm associated with each

prefix, which allows us to append a firm name to the UPCs included in the Nielsen-RMS data. A

“firm” in the database is defined based on the entity that purchased the barcodes from GS1, which

is typically the manufacturer, such as Procter & Gamble. Table A.I presents the characteristics of

firms by type of censoring. Among the approximately 23,000 firms covered in the sample, we can

measure the age of about 9,000, and the remaining 14,000 are firms that were born before 2006.
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B.1.2 NETS Data

The National Establishment Time-Series (NETS) Database is produced by Walls & Associates

teamed up with Dun and Bradstreet to convert their archival establishment data into a time-series

database of establishment information. We use the dataset that comprises annual observations on

specific lines of business at unique locations over the period 1990–2017 operating in the U.S.

The NETS data allow us to observe sales and employment of each line of business identifier.

For each identifier, we can track its sales and employment over time at the 8-digit level of Standard

Industrial Classification (SIC) and at specific latitudes and longitudes. In addition, we can assign

each line of business to a headquarters using firm identifiers. The NETS firm concept is based on

a common headquarters establishment.

Crane and Decker (2019) explores the representativeness of NETS in the cross section, comparing

the data to the U.S. Census Bureau’s datasets, reporting that the static distributions of NETS data

can be made reasonably comparable to official sources, on average, in terms of establishment size,

industry, and geography cells, with some limitations when only covering small firms. The main

limitations of the NETS data regards annual establishment growth and firm lifecycle patterns. Our

focus is on cross sectional differences on long-term growth rates, and thus less likely to be strongly

affected by measurement errors.

NETS data preparation – Our analysis uses changes in size and scope in the periods 2001-2006

and 2006-2011 for the housing shock, and 2006-2015 for the China Shock. Our baseline sample,

includes all firm-sector observations for whom we can measure the shocks. We measure at the firm-

sector-year and firm-sector-location-year, the total size (measures as total number of employees or

total sales), and the number of business lines (scope). Sectors are mapped into broader 4-digit SIC

codes, and locations are mapped into MSAs.

We completed several exercises to ensure robustness of the patterns documented in the paper.

Crane and Decker (2019) makes several suggestions on how to use the NETS data in order to

minimize measurement errors. Following their suggestions, we created samples that exclude small

firm-sector observations (less than five employees) and excludes single-establishment firms (only one

location).

We also explored the role of alternative measures of firm definition. Our baseline exercise uses

an iterative procedure to determine the ultimate headquarters. The original data lists for each

business line a direct headquarters, but some headquarters list some other headquarters, creating

indirect headquarters. We link all establishments that are related through headquarters, either

directly or indirectly, under a single firm identifier by “rolling up” firm identifiers, capturing the

ultimate headquarter. For robustness, we use a procedure that further associates business lines to

ensure that we capture mergers and acquisitions (Crane and Decker, 2019).

Table A.I presents the characteristics of firm-sector observations of the baseline and robustness

samples underlying the results provided in the paper.
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B.2 Sectoral Shocks

B.2.1 China Import Penetration Shock

In this section we describe the data sources used to update the China Shock measure by Autor et

al. (2013). The U.S. value of shipments (Yj,06) at the 4-digit 1987 SIC industry level from NBER-

CES.31 We obtain gross output (Y Oj,06) at the 4-digit ISIC rev.3 industry level for several European

countries from UNIDO. We pick the five largest European economies: Germany, France, UK, Italy

and Spain following Bai and Stumpner (2019). These countries have the largest coverage at the 4-

digit ISIC rev.3 industry level in the UNIDO data set. We use the trade flows (Mj,06,Ej,06) for both

U.S. and European countries from UN Comtrade at the HS 6-digit level, obtained from CEPII-BACI

(Gaulier and Zignago (2010)).32 This data set is slightly different from the trade flows data used

in Acemoglu et al. (2016) since their data on trade flows is directly from UN Comtrade. The data

provided by CEPII-BACI is a harmonized version of UN Comtrade that reconciles the declarations

of the exporter and the importer. This harmonization procedure extends considerably the number

of countries (150 countries in CEPII BACI) for which trade data are available, as compared to the

original data set. Lastly, we use the PCE deflator provided by the BEA-NIPA for the US and the

PCE deflator provided by Eurostat for the five European countries we consider.

Figure A.1: China import penetration 2006–2015 by sector

(a) NETS (b) Nielsen

0 10 20 30 40
Exposure to China Import (1995-2015, Industry SIC2)
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Printing & Publishing
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Bottom Top
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Exposure to China Import (2006-2015, Product Sector)
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Note: The figure shows the average value of the baseline measure of China import penetration 2006–2015 ∆IP 1
j,06−15

and the values of a selective group of sectors: the top and bottom 20 sectors.

31http://www.nber.org/nberces
32http://www.cepii.fr/CEPII/en/bdd modele/presentation.asp?id=1
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B.2.2 House Price Shock

Table A.II: Instrumental Variables Regression - First Stage

(1) (2) (3) (4)

Housing Supply Elasticity -6.709*** -5.243*** 7.260*** 4.378***
(0.838) (0.825) (0.980) (0.947)

Observations 228 223 228 224
R-squared 0.221 0.371 0.195 0.418
Controls N Y N Y
Period 2001-2006 2001-2006 2006-2011 2006-2011

Note: Table shows results from the first-stage instrumental variable regression in equation 22. The unit of observation
is an MSA, the dependent variable is house price growth over 2001-2006 in columns 1-2, and house price growth
over 2007-2011 in columns 3-4. For the Saiz Elasticity Measure, higher values signal an MSA with more elastic
housing supply. The control variables include the change in the number of retail establishments, the change in all
establishments, the change in the construction share of employment, the change in the retail share of employment,
and the change in the share of employment in the non-tradable sector.
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C Scalability

C.1 Illustrative Example

SImijt ≡ 1−
Uniquemijt

Scopemijt × NumAttributesmjt

An illustrative example: Firm A has the following set of products

Table C1: Measuring Scalability: An example (Lamps, incandescent)

Firm Product Attribute
Style Use

General Electric 1 Clear Nite Fixture
General Electric 2 Halogen Appliance
General Electric 3 Clear Bath & Vanity
General Electric 4 Clear Ceiling Fan
General Electric 5 Frost Chandelier

• Unique Characteristics: clear, halogen, nite fixture, etc.

• Attributes: style, use, etc.

Style: SStyle,GE ≡ 1− Unique Characteristics

Scope
= 1− 3

5
= 0.4

Use: SUse,GE ≡ 1− Unique Characteristics

Scope
= 1− 5

5
= 0

Firm level: SGE ≡ 1− Unique Characteristics

Scope× Number of Attributes
= 1− 5 + 3

5 + 5
= 0.2

C.2 Bootstrap

A potential concern is that our scalability index mechanically increases as firms introduce more

products. In order to minimize this concern, we construct an alternative index where we random-

ize products, within a sector, and assign them to firms of different sizes. Then, we compute an

alternative (bootstrapped) scalability index that we use as reference. This index captures all the

mechanical relationship between the scalability index and the total number of products. Thus, our

baseline scalability index is throughout the paper used always relative to this alternative index.
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Figure C1: Scalability - Alternative (Bootstraped) Version

(a) x
y

(b) x
y

Bootstrap

Note: Panel (a) shows x
y as a function of the total number of products of the firm. The blue dots show the estimates

using the original measure. The purple dots are the estimates of x
y when the sample of products is randomized

within modules and across firms. The red dots are the difference between the original measure and the bootstrapped
version. Panel (b) shows the ratio of the original measure of x

y and the bootstrapped version. x
y is computed using

the entire portfolio of product of the firms using data from 2006 to 2015.

Panel (a) in Figure C1 shows our measure of x
y

for both the original index and the bootstrapped

version. The purple dots show that part of the positive relationship between x
y

and the total number

of products comes from the fact that, as firms grow, they are more likely to have products sharing

common attributes. Nonetheless, our measure captures a size-dependent relationship that goes

beyond that established by chance. The red dots show the difference between the original measure

and the bootstrapped version. As shown in the graph, the difference is also increasing with size.

Panel (b) shows the ratio between the original and the bootstrapped version. It shows that the ratio

increases as firms add products to the portfolio indicating that larger firms replicate characteristics

across their products.
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D Additional Results

D.1 Heterogeneous response to shocks with size and scope measures

using establishment data

D.1.1 China import penetration shock

Table D2: Heterogeneous response with China import penetration shock for contin-
uing firms (log change): using revenue as proxy for size

(1) (2) (3) (4)
VARIABLES

∆Gj× sizeij 0.127*** 0.022**
(0.033) (0.011)

∆Gj× scopeij 0.119** 0.059***
(0.051) (0.021)

Observations 321,518 321,518 321,108 321,115
R-squared 0.096 0.019 0.030 0.242
Within R-Squared .082 .015 .016 .239
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Note: The table shows the results of estimating equations 24 with the NETS data and size measures based on revenue.
The dependent variable in columns (1) and (3) is the log change in the total size of firm i in sector j (revenue) and
in columns (2) and (4) is the log change in the number of establishments of firm i in sector j. All the specifications
include sector effects and robust standard errors.

Table D3: Heterogeneous response with China import penetration shock for contin-
uing and exiting firms (alternative growth rates)

(1) (2) (3) (4)
VARIABLES

∆Gj× sizeij 0.115*** 0.123***
(0.016) (0.015)

∆Gj× scopeij 0.051*** 0.046***
(0.013) (0.011)

Observations 711,264 711,264 710,993 710,993
R-squared 0.035 0.043 0.027 0.031
Within R-Squared .008 .013 0 0
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Note: The table shows the results of estimating equations 24 with the NETS data. The dependent variable in
columns (1) and (3) is the log change in the total size of firm i in sector j and in columns (2) and (4) is the log
change in the number of establishments of firm i in sector j. The change in the dependent variables are calculated
as in Davis and Haltiwanger (1992), i.e. 2(yt − yt−1)/(yt + yt−1). All the specifications include sector effects and
robust standard errors.
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Table D4: Heterogeneous response with China import penetration shock for contin-
uing firms (log change): alternative firm definitions

Employment, firm definition 1
(1) (2) (3) (4)

VARIABLES

∆Gij× sizeij 0.065*** 0.015
(0.020) (0.010)

∆Gij× scopeij 0.091*** 0.039**
(0.029) (0.016)

Observations 334,274 334,274 334,044 334,044
R-squared 0.048 0.018 0.028 0.136
Within R-Squared .041 .013 .021 .132
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Employment, firm definition 2
(1) (2) (3) (4)

VARIABLES

∆Gj× sizeij 0.039* 0.013
(0.023) (0.011)

∆Gj× scopeij 0.099*** 0.046**
(0.032) (0.018)

Observations 326,049 326,049 325,806 325,806
R-squared 0.045 0.015 0.029 0.134
Within R-Squared .038 .011 .022 .131
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Note: The table shows the results of estimating equations 24 with the NETS data. The difference relative to the
baseline results is that we use alternative definitions of firm: (1) uses information on headquarters in 2015, (2) uses
the time-varying definition of headquarters. The dependent variable in columns (1) and (3) is the log change in the
total size of firm i in sector j and in columns (2) and (4) is the log change in the number of establishments of firm i
in sector j. All the specifications include sector effects and robust standard errors.
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Table D5: Heterogeneous response with China import penetration shock for contin-
uing firms (log change): excluding micro-firms

Firms with at least 2 plants
(1) (2) (3) (4)

VARIABLES

∆Gij× sizeij 0.428* 0.130
(0.221) (0.110)

∆Gij× scopeij 0.244 0.068
(0.258) (0.132)

Observations 12,564 12,564 12,460 12,460
R-squared 0.085 0.050 0.094 0.142
Within R-Squared .046 .013 .057 .11
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Note: The table shows the results of estimating equations 24 with the NETS data. The dependent variable in
columns (1) and (3) is the log change in the total size of firm i in sector j and in columns (2) and (4) is the log
change in the number of establishments of firm i in sector j. All the specifications include sector effects and robust
standard errors.
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D.1.2 Housing price 2001-2006 shock

Table D6: Heterogeneous response with housing price 2001-2006 shock for continuing
firms (log change): using revenue as proxy for size

(1) (2) (3) (4)
VARIABLES

∆Gj× sizeij 0.029*** 0.003***
(0.002) (0.000)

∆Gj× scopeij 0.002 0.000
(0.002) (0.002)

Observations 5,931,743 5,931,816 5,931,743 5,933,769
R-squared 0.065 0.005 0.045 0.071
Within R-Squared .021 .004 0 .069
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Note: The table shows the results of estimating equations 24 with the NETS data and size measures based on revenue.
The dependent variable in columns (1) and (3) is the log change in the total size of firm i in sector j (revenue) and
in columns (2) and (4) is the log change in the number of establishments of firm i in sector j. All the specifications
include sector effects and robust standard errors.

Table D7: Heterogeneous response with housing price 2001-2006 shock for continuing
and exiting firms (alternative growth rates)

(1) (2) (3) (4)
VARIABLES

∆Gij× sizeij 0.007*** 0.003***
(0.001) (0.000)

∆Gij× scopeij 0.003** -0.003**
(0.001) (0.001)

Observations 4,140,905 4,140,905 4,140,905 4,140,905
R-squared 0.044 0.006 0.008 0.066
Within R-Squared .038 .004 .002 .064
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Note: The table shows the results of estimating equations 24 with the NETS data. The dependent variable in
columns (1) and (3) is the log change in the total size of firm i in sector j and in columns (2) and (4) is the log
change in the number of establishments of firm i in sector j. The change in the dependent variables are calculated
as in Davis and Haltiwanger (1992), i.e. 2(yt − yt−1)/(yt + yt−1). All the specifications include sector effects and
robust standard errors.
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Table D8: Heterogeneous response with housing price 2001-2006 shock for continuing
firms (log change): alternative definitions of firm

Employment, alternative firm definition 1
(1) (2) (3) (4)

VARIABLES

∆Gij× sizeij 0.021*** 0.002***
(0.002) (0.001)

∆Gij× scopeij 0.001 -0.003
(0.003) (0.002)

Observations 5,899,725 5,899,725 5,899,725 5,899,725
R-squared 0.052 0.005 0.010 0.081
Within R-Squared .047 .004 .004 .081
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Employment, alternative firm definition 2
(1) (2) (3) (4)

VARIABLES

∆Gij× sizeij 0.012*** 0.004***
(0.002) (0.001)

∆Gij× scopeij 0.003 -0.002
(0.002) (0.002)

Observations 4,140,905 4,140,905 4,140,905 4,140,905
R-squared 0.049 0.005 0.008 0.064
Within R-Squared .044 .004 .002 .063
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Note: The table shows the results of estimating equations 24 with the NETS data. The difference relative to the
baseline results is that we use alternative definitions of firm: (1) uses Crane and Decker (2019) methodology (2) uses
the time-varying definition of headquarters. The dependent variable in columns (1) and (3) is the log change in the
total size of firm i in sector j and in columns (2) and (4) is the log change in the number of establishments of firm i
in sector j. All the specifications include sector effects and robust standard errors.
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Table D9: Heterogeneous response with housing price 2001-2006 shock for continuing
firms (log change): alternative sample of sectors

Employment, All sectors
(1) (2) (3) (4)

VARIABLES

∆Gij× sizeij 0.019*** 0.002***
(0.002) (0.000)

∆Gij× scopeij 0.004* -0.001
(0.002) (0.001)

Observations 6,430,800 6,430,800 6,430,604 6,430,604
R-squared 0.052 0.006 0.008 0.072
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Employment, Non-tradables sectors
(1) (2) (3) (4)

VARIABLES

∆Gij× sizeij 0.006** 0.005***
(0.003) (0.001)

∆Gij× scopeij 0.009** 0.006**
(0.004) (0.003)

Observations 1,745,126 1,745,126 1,745,126 1,745,126
R-squared 0.044 0.009 0.008 0.082
Within R-Squared .041 .008 .004 .081
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Note: The table shows the results of estimating equations 24 with the NETS data. Non-tradables are defined as in
Mian and Sufi (2011). The dependent variable in columns (1) and (3) is the log change in the total size of firm i in
sector j and in columns (2) and (4) is the log change in the number of establishments of firm i in sector j. All the
specifications include sector effects and robust standard errors.
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Table D10: Heterogeneous response with housing price 2001-2006 shock for continuing
firms (log change): excluding micro-firms

Firms with at least 2 plants
(1) (2) (3) (4)

VARIABLES

∆Gij× sizeij 0.022** 0.013**
(0.010) (0.005)

∆Gij× scopeij 0.005 0.008***
(0.004) (0.003)

Observations 200,924 200,924 200,924 200,924
R-squared 0.030 0.026 0.014 0.026
Within R-Squared .018 .001 .001 .001
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Firms with at least 5 employees
(1) (2) (3) (4)

VARIABLES

∆Gij× sizeij 0.031*** 0.006***
(0.005) (0.001)

∆Gij× scopeij -0.000 0.001
(0.002) (0.002)

Observations 1,727,617 1,727,617 1,727,617 1,727,617
R-squared 0.041 0.011 0.015 0.074
Within R-Squared .028 .007 .002 .07
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Note: The table shows the results of estimating equations 24 with the NETS data. The dependent variable in
columns (1) and (3) is the log change in the total size of firm i in sector j and in columns (2) and (4) is the log
change in the number of establishments of firm i in sector j. All the specifications include sector effects and robust
standard errors.
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D.1.3 Housing price 2006-2011 shock

Table D11: Heterogeneous response with housing price 2006-2011 shock for continuing
firms (log change): using revenue as proxy for size

(1) (2) (3) (4)
VARIABLES

∆Gj× sizeij 0.000 0.000
(0.002) (0.000)

∆Gj× scopeij 0.006** 0.004**
(0.003) (0.002)

Observations 6,967,942 6,967,965 6,967,942 6,968,641
R-squared 0.095 0.009 0.028 0.091
Within R-Squared .071 .007 .003 .089
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y
Firm x Sector N N N N
Sample 1 1 1 1

Note: The table shows the results of estimating equations 24 with the NETS data and size measures based on revenue.
The dependent variable in columns (1) and (3) is the log change in the total size of firm i in sector j (revenue) and
in columns (2) and (4) is the log change in the number of establishments of firm i in sector j. All the specifications
include sector effects and robust standard errors.

Table D12: Heterogeneous response with housing price 2006-2011 shock for continuing
and exiting firms (alternative growth rates)

(1) (2) (3) (4)
VARIABLES

∆Gij× sizeij 0.017*** 0.016***
(0.002) (0.002)

∆Gij× scopeij 0.006*** 0.007***
(0.002) (0.002)

Observations 8,022,454 8,022,454 8,022,374 8,022,374
R-squared 0.059 0.065 0.057 0.060
Within R-Squared .003 .006 .001 .001
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Note: The table shows the results of estimating equations 24 with the NETS data. The dependent variable in
columns (1) and (3) is the log change in the total size of firm i in sector j and in columns (2) and (4) is the log
change in the number of establishments of firm i in sector j. The change in the dependent variables are calculated
as in Davis and Haltiwanger (1992), i.e. 2(yt − yt−1)/(yt + yt−1). All the specifications include sector effects and
robust standard errors.
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Table D13: Heterogeneous response with housing price 2006-2011 shock for continuing
firms (log change): alternative definitions of firm

Employment, alternative firm definition 1
(1) (2) (3) (4)

VARIABLES

∆Gij× sizeij 0.002* -0.000
(0.001) (0.001)

∆Gij× scopeij 0.012*** 0.008***
(0.003) (0.002)

Observations 6,947,499 6,947,499 6,947,499 6,947,499
R-squared 0.035 0.013 0.019 0.132
Within R-Squared .028 .011 .012 .13
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Employment, alternative firm definition 2
(1) (2) (3) (4)

VARIABLES

∆Gij× sizeij 0.003* -0.003***
(0.001) (0.001)

∆Gij× scopeij 0.007*** 0.006***
(0.002) (0.002)

Observations 5,043,577 5,043,577 5,043,577 5,043,577
R-squared 0.036 0.016 0.017 0.115
Within R-Squared .028 .014 .009 .112
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Note: The table shows the results of estimating equations 24 with the NETS data. The difference relative to the
baseline results is that we use alternative definitions of firm: (1) uses Crane and Decker (2019) methodology (2) uses
the time-varying definition of headquarters. The dependent variable in columns (1) and (3) is the log change in the
total size of firm i in sector j and in columns (2) and (4) is the log change in the number of establishments of firm i
in sector j. All the specifications include sector effects and robust standard errors.
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Table D14: Heterogeneous response with housing price 2006-2011 shock for continuing
firms (log change): alternative sample of sectors

Employment, All sectors
(1) (2) (3) (4)

VARIABLES

∆Gij× sizeij 0.003*** 0.001
(0.001) (0.000)

∆Gij× scopeij 0.004* 0.003**
(0.002) (0.002)

Observations 7,507,106 7,507,106 7,506,895 7,506,895
R-squared 0.036 0.012 0.016 0.095
Within R-Squared .029 .01 .008 .092
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Employment, Non-tradables sectors
(1) (2) (3) (4)

VARIABLES

∆Gij× sizeij 0.010*** -0.002*
(0.002) (0.001)

∆Gij× scopeij 0.002 -0.005
(0.004) (0.003)

Observations 1,990,063 1,990,063 1,990,063 1,990,063
R-squared 0.031 0.015 0.017 0.102
Within R-Squared .024 .014 .01 .101
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Note: The table shows the results of estimating equations 24 with the NETS data. Non-tradables are defined as in
Mian and Sufi (2011). The dependent variable in columns (1) and (3) is the log change in the total size of firm i in
sector j and in columns (2) and (4) is the log change in the number of establishments of firm i in sector j. All the
specifications include sector effects and robust standard errors.

39



Table D15: Heterogeneous response with housing price 2006-2011 shock for continuing
firms (log change): excluding micro-firms

Firms with at least 2 plants
(1) (2) (3) (4)

VARIABLES

∆Gij× sizeij 0.038** 0.014
(0.019) (0.012)

∆Gij× scopeij 0.137*** 0.096***
(0.028) (0.020)

Observations 146,601 146,601 146,601 146,601
R-squared 0.029 0.034 0.043 0.081
Within R-Squared .017 .009 .031 .058
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Firms with at least 5 employees
(1) (2) (3) (4)

VARIABLES

∆Gij× sizeij -0.005 0.000
(0.004) (0.001)

∆Gij× scopeij 0.006*** 0.004**
(0.002) (0.002)

Observations 1,733,121 1,733,121 1,733,121 1,733,121
R-squared 0.016 0.019 0.015 0.098
Within R-Squared .013 .013 .012 .092
Dep. Var. ∆ size ∆ scope ∆ size ∆ scope
Sector Y Y Y Y

Note: The table shows the results of estimating equations 24 with the NETS data. The dependent variable in
columns (1) and (3) is the log change in the total size of firm i in sector j and in columns (2) and (4) is the log
change in the number of establishments of firm i in sector j. All the specifications include sector effects and robust
standard errors.

D.2 Heterogeneous response to shocks with size and scope measures

using product data
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Table D16: Heterogeneous Response to Demand Shocks - Extensive and Intensive Margins (Alternative Growth
Rates)

(1) (2) (3) (4) (5) (6) (7) (8)
∆ size ∆ scope ∆ size ∆ scope ∆ size ∆ scope ∆ size ∆ scope

∆g× size 0.027*** 0.000 0.112* 0.012
(0.005) (0.004) (0.063) (0.040)

∆g× scope 0.015*** 0.011*** 0.024 0.098***
(0.005) (0.003) (0.062) (0.037)

Obs. 24,146 25,917 28,137 30,001 24,146 25,917 28,137 30,001
R-squared 0.125 0.041 0.075 0.029 0.068 0.069 0.055 0.032
Sector Y Y Y Y Y Y Y Y
Sample China China Housing Housing China China Housing Housing
Period 2006-2015 2006-2015 2006-2011 2006-2011 2006-2015 2006-2015 2006-2011 2006-2011

Note: The table reports the results of estimating equations 24. The dependent variable in Columns (1)-(4) is the log change in the total sales of firm i in
sector j in the period τ (∆sizeij,τ ) or the change in the number of products of firm i in sector j in period τ (∆scopeij,τ ). The change in the dependent
variables are calculated as in Davis and Haltiwanger (1992), i.e. 2(yt − yt−1)/(yt + yt−1). The reported coefficient is the effect of changes in exposure to
demand shocks by firm size using the Nielsen data. Column 1, 2, 5, and 6 use the China import penetration shock. Columns 3, 4, 7 and 8 use as demand
shock the housing price shock from 2001-2006. All the specifications include sector effects.
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D.3 Relationship between scalability, size and scope

Table D17: Cross-Sectional Relationship: Scalability, Scope and Size (Sectors)

(1) (2) (3) (4) (5) (6)

size 0.214*** 0.307*** 0.352***
(0.021) (0.037) (0.014)

scope 0.204*** 0.281*** 0.350***
(0.022) (0.031) (0.011)

Observations 143,140 143,140 71,354 71,351 364,592 364,577
R-squared 0.368 0.376 0.446 0.465 0.297 0.331
Firm Y Y Y Y Y Y
Period-Sector Y Y Y Y Y Y
Sample Food Food Non-Food Non-Food Module Module

Note: The table shows the results estimating equation 25 in the Nielsen data. The dependent variable is (the log
of) scalability from (25) and the independent variables are (the logs of) size (revenue) and scope. All the variables
are standardize relative to the mean of the sector and time period (year). Scalability index is adjusted relative to
the alternative (bootstrapped) index. Columns (1)-(2) include departments: dry grocery, frozen food, dairy, deli,
packaged meat, and fresh produce . Columns (3)-(4) include departments health & beauty care, non-food grocery,
and general merchandise. Column (5) defines a sector at the module-level.
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D.4 Heterogeneous Response to Symmetric Shocks with Scalability

Measures

Table D18: Response of Scalability to Shocks - Housing Price Shock

(1) (2) (3) (4) (5) (6)

∆g ×x
y

-0.0305 0.0275 -0.0116 -0.0700 0.0003 -0.0176

(0.143) (0.040) (0.039) (0.148) (0.041) (0.040)
∆g × scope 0.1445 0.1915*** 0.0245

(0.176) (0.055) (0.027)

Observations 19,226 19,344 15,663 19,226 19,344 15,663
R-squared 0.078 0.035 0.234 0.085 0.051 0.236
Sector Y Y Y Y Y Y
Shock Housing Housing Housing Housing Housing Housing
Period 2006-2011 2006-2011 2006-2011 2006-2011 2006-2011 2006-2011

Note: The table shows the results of estimating equation 26. The dependent variable in Columns (1) and (4) is
the change in the (log of) size (revenue) of firm i in sector j. The dependent variable in Columns (2) and (5) is
the change in scope and in Columns (3) and (6) is the change in scalability of firm i in sector j. The independent
variable is the demand shock interacted with the baseline level of scalability in 2006 or the same shock interacted
with the levels of scope in 2006. In all specifications we use the housing shock from 2006-2011. All specifications
include sector fixed effects.
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Table D19: Response of Scalability to Shocks (Alternative Growth Rates)

(1) (2) (3) (4) (5) (6)

∆g ×x
y

0.0094 0.0143*** 0.0108*** 0.0040 0.0074 0.0106***

(0.007) (0.005) (0.002) (0.007) (0.005) (0.003)
∆g × scope 0.0152** 0.0186*** 0.0020

(0.006) (0.004) (0.002)

Observations 14,186 14,186 13,488 14,186 14,186 13,488
R-squared 0.049 0.047 0.245 0.059 0.098 0.246
Sector Y Y Y Y Y Y
Shock China China China China China China
Period 2006-2015 2006-2015 2006-2015 2006-2015 2006-2015 2006-2015

Note: The table shows the results of estimating equation 26. The dependent variable in Columns (1) and (4) is the
change in the (log of) size (revenue) of firm i in sector j. The dependent variable in Columns (2) and (5) is the change
in scope and in Columns (3) and (6) is the change in scalability of firm i in sector j. The change in the dependent
variables are calculated as in Davis and Haltiwanger (1992), i.e. 2(yt − yt−1)/(yt + yt−1). The independent variable
is the demand shock interacted with the baseline level of scalability in year 2006 or the same shock interacted with
the levels of scope in 2006. In all specifications we use the China import penetration shock from 2006-2015. All
specifications include sector fixed effects.
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