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Resource-based theories propose that firms growbydiversifying intoprod-
ucts that use common capabilities. We provide evidence for common-
input capabilities, using a policy that removed entry barriers in input
markets to show that the similarity of a firm’s and an industry’s input
mix determines firm production choices. We model industry choice and
economies of scope from input capabilities. When themodel is estimated
for Indianmanufacturing, input complementaritiesmakefirms5%more
likely to produce in an industry and are quantitatively as important
as time-invariant drivers of coproduction rates. Upstream entry barriers
were equivalent to a 9.5% tariff on inputs.
I. Introduction
Multiproduct firms dominate production and export activity. They are
much larger than their single-product counterparts, and their product
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turnover contributes substantially to aggregate output growth.1 Recent
work in international economics and industrial organization examines how
many products firmsmake and the impact of economic changes on these
choices. It emphasizes the importance of core products for firm growth
(Bernard, Redding, and Schott 2010, 2011; Eckel andNeary 2010; Iacovone
and Javorcik 2010; Mayer, Melitz, and Ottaviano 2014), but less is known
about why these products are “core.” This paper examines firm decisions
to make products across different industries and provides reduced-form
evidence and structural estimates for comparative advantage arising from
input capabilities and industrial coproduction.
Early theoretical and empirical work recognizes the sizable contribution

of product diversification toward firm growth and aggregate productivity
and examines explanations for product diversification within firms (such
as Stigler 1951 and Scherer 1982, summarized in Chandler 1992 andMont-
gomery 1994). Explanations on the demand side include gaining market
power through horizontal and vertical integration or internalizing demand
complementarities and network externalities across products (e.g., Bern-
heim and Whinston 1990; Willig, Salop, and Scherer 1991; Jovanovic and
Gilbert 1993; Hoberg and Phillips 2016). On the supply side, agency-based
theories of the firm suggest that diversification is motivated by internal la-
bor and capitalmarkets of thefirm. For example,managers choose todiver-
sify to reduce their human capital risk, to gain rents from utilizing free cash
flows, or to obfuscate when their own division is doing badly (Amihud and
Lev 1981; Jensen 1986; Morck, Shleifer, and Vishny 1990). This explained
early trends of reduced firm valuations from diversification (e.g., Lichten-
berg 1992; see Maksimovic and Phillips 2013 for a survey). Resource-based
theories of the firm, dating back to Penrose (1955), take a competing view
that diversification enables firms to grow beyond the limits imposed by the
1 For example, in the United States, multiproduct firms account for over 90% of man-
ufacturing output, and multiproduct exporters account for over 95% of exports. They are
larger than single-product firms in the same industry in terms of shipments (0.66 log
points), employment (0.58), labor productivity (0.08), and total factor productivity
(TFP; 0.02). About 89% of multiproduct firms vary their product mix within 5 years,
and these changes in the product mix make up a third of the increase in USmanufacturing
output (Bernard et al. 2007; Bernard, Redding, and Schott 2010). In India, multiproduct
firms (that produce in more than one of 262 different industries) account for 32% of firms
and 62% of sales (as we discuss below). Among publicly listed firms, Goldberg et al.
(2010b) find that multiproduct firms, which produce in more than one of 108 4-digit
NIC (National Industrial Classification) industries, make up 47% of firms and 80% of sales.
They are 107% bigger in output than single-product firms within the same industry.
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size of a single-product market. Entering new products requires resources,
such as know-how or inputs, that are costly to acquire and to transfer out-
side the firm. Firms therefore gain economies of scope by diversifying into
products that require similar know-how or inputs to what their existing
products use, as experienced during wartime, when auto manufacturers
quickly switched to making tanks, chemical companies to making explo-
sives, and radio manufacturers to making radar (Teece 1982; Wernerfelt
1984; see Baumol 1977; Panzar and Willig 1981).
Theories of product diversification have influenced a vast literature in

economics, finance, andmanagement that examines which products firms
choose to make.2 For example, recent microdata reveal that firms are
much more likely to produce in certain pairs of industries (Bernard, Red-
ding, and Schott 2010). Many firms that make fabricated metal products
also make industrial machinery. A challenge, however, has been to move
beyond systematic correlations in coproduction and product characteris-
tics to disentangling evidence for specific theories of the firm. In the exam-
ple, systematic coproduction of metal and machinery could arise because
they share common inputs and technologies such asmetal andmetalwork-
ing (as in the resource-based view). Or it could arise because consumers
who order fabricated metal products also need industrial machinery (as
in demand-side theories) or still further because machinery and metal
are produced in firms with excess capital (as in agency-based theories).
This paper examines product diversification within firms in the light of
these theories of the firm and with a view to understanding the compara-
tive advantage of firms in the product space.
Using plant-level data from Indian manufacturing, this paper starts

with the striking observation that product diversification within firms
is systematically related to shared input use across these products. Fig-
ure 1 shows that firms produce more in pairs of industries that require
similar intermediate inputs. Figure 1A illustrates the extent of coproduc-
tion of industry pairs within plants (across 1–253 different industries),
and figure 1B is for the input similarity between industry pairs.3 This is
also borne out in findings from the United States, where stark examples
2 In early work, Scherer (1982) estimates technology flows across industries to examine
business lines within firms and the related slowdown in aggregate productivity growth in
the United States. Recent work has built on these findings to show a systematic relationship
between demand relatedness, technological relatedness or input relatedness of products
made by firms, and various firm performance measures (e.g., Robins and Wiersema 1995;
Fan and Lang 2000; Bowen andWiersema 2005; Rondi and Vannoni 2005; Bryce andWinter
2009; Liu 2010).

3 The coproduction cells contain the size-weighted average sales shares of plants that de-
rive the largest share of revenue from products in the row industry. Darker values indicate
higher shares. The input similarity cells contain the inner product of the industries’ vector
of intermediate-input expenditure shares, calculated from single-product plants in each
industry.
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of industry pairs that are coproduced and have similar input require-
ments include textiles and apparel, lumber and paper, and primary metal
and fabricated metal (Bernard, Redding, and Schott 2010).4

To disentangle input-based product diversification from other expla-
nations, the paper leverages plausibly exogenous variation in input sup-
ply to relate product choices within firms with input similarity across
products. Starting in the late 1990s, the Indian government dismantled
size-based entry barriers in several products that were previously re-
served for production by small-scale firms. The removal of entry barriers
was driven primarily by an agenda to reformpostindependence economic
policy.5 As the entry barriers were lifted, firms acquired better access
to inputs. Those firms that intensively used these inputs became more
likely to grow by diversifying into products that are intensive in the use
of liberalized inputs. To give a concrete example, when entry barriers to
cotton are lifted, a cotton apparel maker becomes more likely (than a
silk apparel maker) to move into cotton textile production (than into silk
textile production). In fact, even within the cotton apparel industry, a
FIG. 1.—Coproduction and input similarity. A, For plants with primary sales in the row
industry, the fraction of sales coming from products in the column industry. B, Inner prod-
uct between the row and column industry’s intermediate-input expenditure share vectors.
Intermediate-input shares (B) are constructed from single-industry plants only. Darker col-
ors indicate larger relative values within each panel.
4 Similar patterns emerge in firm-level data from the United Kingdom and Belgium
(Hutchinson, Konings, and Walsh 2010; Bernard et al. 2019), and early work by Wernerfelt
(1984) suggests systematically examining thesepatterns through “resource-product”matrices.

5 The original aim of the reservation policy was employment generation through small-
scale units that were expected to be more labor intensive than larger firms (thoughMartin,
Nataraj, and Harrison 2017 show that the dismantling of this policy in fact generated rel-
atively more employment).
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firm that is relativelymore intensive in cotton use becomes relativelymore
likely to move into cotton textile production. In other words, firms diversi-
fied into industries in which they had input-based comparative advantage.
This paper examines the extent to which better input supply enables

firms to acquire comparative advantage in industries related by common in-
puts. According to comparative-advantage theory, industries differ in their
use of technologies or factor requirements, and countries differ in their
technological prowess or factor endowments. Countries therefore produce
relativelymore in industries in which they aremore capable through better
technologies or greater reliance on abundant factors. Translating this from
countries and technologies/factors to firms and inputs, we examine
whether firms produce more in their input-intensive industries relative
to the typical firm in those industries and relative to other industries that
firms could enter. Common input requirements provide well-measured
proxies for shared technical know-how across products, which overcomes
long-standing constraints associated withmeasuring technologies and in-
tangible know-how (Atalay et al. 2019). The focus on intermediate inputs
enables direct examination of the empirical relevance of economies of
scope and the extent to which these economies are determined by policy
choices. In concrete terms, firms intensively usingmetal inputs havemet-
alworking know-how and skills, and the policy change inmetal inputs pro-
vides variation in supply complementarities that can be directly linked to
production outcomes.
While the policy episode is best suited to examining economies of scope

through inputs, the setting is amenable to disentangling competing expla-
nations for product diversification. The production data can be used to
distinguish various resources within firms, such as intermediate inputs
and primary factors, that have been shown to be important constraints to
firm growth in developing economies (Tybout 2000; Bloom et al. 2010).
The rich microdata can also be leveraged to construct measures suggested
by competing theories, such as vertical upstream/downstream linkages,
capital intensity, and the diversification discount. In particular, firm-time,
firm-industry, and industry-timefixedeffects control for unobserved reasons
such as firms’financial andmanagerial conditions, industry technological
shifts, and other time-invariant firm-industry reasons for coproduction.
In the absence of direct measures of substitutability/complementarities
across products and their evolution, industry-mix fixed effects can also
be included to account for unobservable demand-side reasons for copro-
duction. Accounting for the different theories of the firm, we find that
the dominant explanation in our context and policy episode is that firms
specialize in products where they have comparative advantage based on
shared input use.
Having established the importance of input-based comparative advan-

tage for firms, the paper provides a theoretical framework for input
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capabilities and their contribution to firm sales. Starting from the prim-
itive of industry-specific production functions, differences across indus-
tries arise fromdifferences in their input requirements. Differences across
firms arise from their endowed industry productivities and from their de-
cisions to invest in input capabilities, which canbe shared across industries.
Economies of scope induce coproduction in industries that are intensive
in the use of dynamically acquired input capabilities. Removal of entry bar-
riers in inputmarkets provides better access to those inputs and confers an
advantage to firms that have higher use for those inputs. These firms step
upproduction, butmuchmore so in industries that use these inputsmore.
In sum, policy-induced improvements in input supply enable firms to di-
versify into industries in which they have input-based comparative advan-
tage relative to other firms, even within their industry.
The theory allows for love or hate for input variety, and a key insight of

our framework is that economies of scope withinmultiproduct firms imply
that production choices and input capabilities are jointly determined.
Since firms are heterogeneous in their costly-to-transfer resources, this
joint determination of downstream input capabilities and production
choices is around the revealed “core competencies” of the firm, resulting
in input-based comparative advantage. The framework generates structural
estimating equations that explain the portfolio of industries a firm adopts
on the basis of contemporaneous input similarity with each industry. The
latter, in turn, is determined by policy changes that improve access to inputs
and by demand and supply shocks that interact with a firm’s industry mix.
The theory guides estimation of common industry demand innovations
and policy changes in input supply to predict contemporaneous input
similarity, which in turn determines industry choice.
The estimates show that input capabilities are quantitatively important

in determining the industry choice and scope of firms. On average, input-
based comparative advantage makes single-industry firms 5.2 percentage
points (pp)more likely to produce in an industry. Multi-industry firms ex-
hibit a distribution of such premia. Shared input capabilities provide ad-
vantages acrossmultiple industries, but this decays as a firmdiversifies into
industries with more varied inputs. For instance, triple-industry firms are
6.1 pp more likely to enter their first industry, 2.3 pp more likely to enter
their second industry, and only 1.9 pp more likely to enter their third in-
dustry. However, as multi-industry firms are larger across the board, size-
weightedpremia range as high as 46.8 pp, showing that they are important
for firm growth. Overall, input-based comparative advantage is quantita-
tively as important a determinant of firm entry into industries as time-
invariant industry-pair determinants of coproduction rates.
Related literature.—The results relate to the multiproduct-firm litera-

ture, which usually focuses on how many, not which, products firms
make. We contribute to this literature by identifying the role of input
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linkages as a determinant of the core competencies of multiproduct
firms.6

A large literature studies the role of access to inputs on firm productivity.7

While we ask a different question, the focus on input supply is consistent
with these studies. Specifically, Goldberg et al. (2010b) highlight the impor-
tance of input supply in Indian manufacturing. They find that large firms
in India increased the range of products they offered in response to India’s
input tariff liberalization of the nineties. Their focus is on the number of
products firms make. We instead examine which products firms make and, in
doing so, uncover input capabilities–based comparative advantage of firms.
Goldberg et al. (2010a) differentiate the role of price and new variety chan-
nels of imported inputs in expanding firm product scope, finding a crucial
role for new imported varieties and allowing for potential technological
complementarity within firms or product lines, something we also find and
structurally model. Vandenbussche and Viegelahn (2018) also show that
Indian firms move away from inputs facing domestic antidumping mea-
sures by decreasing sales of products using these inputs. Similarly, we find
that intermediate inputs drive output decisions. Distinct from their work,
our reduced-form analysis examines measures suggested by competing
theories of product diversification, and we provide a structural estimating
equation for the relationship between input linkages and output decisions.
While our focus is on supply-side policies in a developing-country con-

text, the approach of characterizing firms and industries is similar to that
of Bloom, Schankerman, and Van Reenen (2013) and Conley and Dupor
(2003). Bloom et al. construct technological and product market proxim-
ity measures to identify the causal effect of R&D spillovers across US firms
by using changes in federal and state tax incentives for R&D. Conley and
Dupor construct input similaritymeasures between sectors. They show that
cross-sector productivity covariance tends to be greatest between sectors
that are similar in inputs and that this channel contributes substantially
to the variance in aggregate productivity.We build on these ideas and show
how plants internalize input linkages to achieve product diversification.
The question of product choice in a developing-country setting is re-

lated to work by Hausmann, Hwang, and Rodrik (2007) and Hidalgo
et al. (2007), who examine the product space of countries and the net-
work structure of their products. They propose that products differ in
6 See also Foster, Haltiwanger, and Syverson (2008), Eckel and Neary (2010), Liu (2010),
Dhingra (2013), Mayer, Melitz, and Ottaviano (2014), and Eckel et al. (2015) in the multi-
product literature and Hottman, Redding, and Weinstein (2016) and Bernard et al. (2022)
in the firm-heterogeneity literature.

7 See, e.g., Acemoglu, Antràs, and Helpman (2007), Amiti and Konings (2007), Kasahara
and Rodrigue (2008), Kugler and Verhoogen (2009, 2012), Antràs and Chor (2013), and
Halpern, Koren, and Szeidl (2015). In recent work, Lu, Mariscal, and Mejía (2016) model
the inherently dynamic process of accumulating input capabilities and its role in increasing
firm productivity.



3032 journal of political economy
the capabilities needed to make them and that countries differ in the ca-
pabilities they have. Countries make products for which they have the
requisite capabilities, and they tend to move to goods close to those they
are currently specialized in (Hidalgo et al. 2007). Introducing quality ca-
pabilities to this framework, Sutton and Trefler (2016) show a nonmono-
tonic relationship between advances in countries’ wealth and changes in
their productmix and quality.We apply these ideas at themicroeconomic
level of a production unit and find empirical support for input-based di-
versification of the product space. This confirms the view of Hausmann
and Hidalgo (2011) that developing a regional jet aircraft is likely to be
less costly for those who have previously developed a transcontinental air-
craft and a combustion engine, compared to those who previously pro-
duced only raw cocoa and coffee.
In innovative work at the firm level, Flagge and Chaurey (2014) use a

moment-inequality methodology to estimate bounds on the costs of add-
ing products, including the role of product-proximity measures. Like
theirs, our work connects to studies documenting relatedness across prod-
ucts made by firms, though we differ in using policy variation to identify
input-based comparative advantage. Using a different approach, Aw and
Lee (2009) focus on four Taiwanese electronics industries and estimate
cost functions to arrive at the incremental marginal cost of the core prod-
uct when the firm adds a new product. The industrial policy we exploit
eased entry barriers in previously reserved industries and has been of inter-
est in understanding competition, employment generation, productivity
growth, andmisallocations inmanufacturing (Bollard, Klenow, and Sharma
2013; García-Santana and Pijoan-Mas 2014; Galle 2015; Martin, Nataraj,
and Harrison 2017). We show a new channel, input-side complementari-
ties, through which the policy affected the economy.
Our work is related more broadly to the literatures on industry linkages

and entry barriers.8 We quantify entry barriers in terms of tariff rates that
have equivalent effects on firm decisions to move into industries. On aver-
age, entry barriers from the policy to reserve products for small-scale plants
are equivalent to input tariffs of 9.5%. Domestic policies, such as size-based
entry barriers, are well understood to be a nontariff barrier to doing busi-
ness. Given their prevalence as a protectionist tool, a large literature in in-
ternational economics has tried to quantify such policies in terms of tariffs
that have an equivalent effect on outcomes of interest. But such quantifica-
tion is typically fraught with difficulties for reasons such as limited variation
8 There are a growing number of studies relating linkages to productivity (see the hand-
book chapter by Combes and Gobillon 2015). In particular, López and Südekum (2009)
find that upstream, but not downstream, linkages are associated with higher productivity,
perhaps in part because of the stronger effect of upstream linkages on product adoption
that we find.
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in policies and correlation of policy changes with other shocks.9 The Indian
context overcomes these problems to reveal the constraints placed by do-
mestic policy on firms and its comparison with trade policy. Recent work
has started to examine international trade as a driver of product choice
of firms (Ding 2019; Rachapalli 2021).
The paper is also relevant for macroeconomic studies that stress the im-

portance of input linkages in amplifying micro shocks and policy effects.10

The development literature emphasizes their role in aggregate productiv-
ity and volatility (Koren and Tenreyro 2013) and in motivating policies,
such as domestic content requirements, that have interested governments
across the developing world (Harrison and Rodríguez-Clare 2010). While
we do not look at product linkages across firms, our results for within-firm
product linkages demonstrate the existence of cross-product spillovers
through inputs. These have been harder to identify across firms because
of confounding factors, such as unobserved demand shocks. Looking
within firms controls for many of these confounding factors and provides
a causal interpretation of shared input capabilities in product choice by
drawing on variation driven by policy changes.
The remainder of the paper is organized as follows. Section II contains

a description of the context, data, and stylized facts. Section III shows the
empirical relationship between input similarity and the industry mix of
firms. Section IV presents a model of capability choice and limit-pricing
suppliers, deriving structural estimation equations and an instrumenta-
tion strategy. Section V contains the results from estimation and quanti-
fication of input capabilities. Section VI concludes.
II. Data and Stylized Facts

A. Data Description
We use annual data on manufacturing firms from the Annual Survey of In-
dustry (ASI), which is conducted by the Ministry of Statistics and Pro-
gramme Implementation (MOSPI) of the Government of India. The ASI
is the Indian government’smain source of industrial statistics on the formal
manufacturing sector and consists of two parts: a census of all manufactur-
ing plants that are larger than 100 employees and a random sample of
one-fifth of all plants that employ between 20 and 100 workers (between
10 and 100 workers if the plant uses power). The ASI’s sampling method-
ology and product classifications have changed several times over the course
9 In their handbook chapter, Bown and Crowley (2016, 78) summarize that “the existing
literature and data sources are not sufficiently developed” to answer key questions such as
the extent to which domestic policies affect economic activity and how they compare with
trade policy instruments.

10 For example, Acemoglu et al. (2012), di Giovanni, Levchenko, and Méjean (2014),
and early work by Jovanovic (1987) and Durlauf (1993).
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of its history. In order to ensure consistency, we focus on the time frame of
the fiscal years (April–March) 2000–2001 to 2009–10.
The ASI has two unique aspects that make it particularly suitable for our

analysis. First, it contains detailed information on both intermediate inputs
and outputs, hence allowing us to link the firm’s input characteristics to their
product-mix decisions. All sales figures include exports, and all purchases
include imports. The sameproduct codes are used to describe both inputs
and outputs of plants. The data report inputs and outputs at the 5-digit
level (of which there are 5,204 codes). To look at the question of production
in multiple industries, we aggregate these codes to the 3-digit level, which
corresponds to 253 codes, which we call “industries” and take to be our unit
of analysis for diversification choices. We focus on 3-digit industries because
the purpose is to capture differences in input needs across products. It also
avoids the possibility of misclassification, which is more acute at finer levels.
Importantly, it keeps our analysis computationally feasible.11

The 3-digit industries are in 60 2-digit sectors. To give a sense of the level
of detail in this classification, consider the sector “cotton, cotton yarn, and
fabrics” (ASIC [ASI commodity code] 63), which has various 3-digit indus-
tries, such as “cotton fabrics including cotton hosiery fabrics” (ASIC 633),
“made up articles of cotton including apparel” (ASIC 634), and “process-
ing or services of cotton, cotton yarn and fabrics” (ASIC 638). To take an-
other example, the 3-digit industry “stainless steel in primary and finished
form” (ASIC 714) is an industry in the sector “iron & steel (incl. stainless
steel), and articles thereof” (ASIC 71). A comparisonof the dimensionality
of products with other sources and descriptive statistics are provided in
Boehm, Dhingra, and Morrow (2016, 2018).
Second, the ASI is collected with the definition that the unit of produc-

tion (factory or factories) must have the samemanagement, combined ac-
counts, and resources that are not separately identifiable. This is particu-
larly well suited for examining the capability (or resource) theory of the
firm. But it implies that we pick up plant-wide explanations and not all
firm-wide drivers of firm decisions. While we do not have firm identifiers
and hence cannot aggregate plants under common ownership, we know
that less than 7.5% of all plants are part of a multiplant firm with sister
plants that file separate survey returns. With that caveat in mind, we call
the units of observation in our data “firms.”
B. The Industry Mix of Indian Manufacturing Firms
We turn todocumenting a set of facts related to the industrymix of firms in
our sample. This set of facts motivates our subsequent empirical analysis.
11 According to the ASI, the product classification is stratified into 2-digit sectors, 3-digit
industries, and 5-digit products.
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1. Multi-industry Firms Dominate Production
Like their counterparts in the United States and other countries, firms
that span multiple industries account for a disproportionately large
share of economic activity. Table 1 shows the prevalence of multi-industry
firms in our sample. Multi-industry firms account for 32.2% of observa-
tions but 62.2% of all sales. Firms that span three or more industries
(11.2% of all observations) still account for more than 39% of total sales.
This fact is well known and mirrors the results reported by Bernard, Red-
ding, and Schott (2010) for the United States and by Goldberg et al.
(2010b) for the set of listed Indian firms.
2. Coproduction Is Not Random
We now turn to the question of which industries the firms produce in.
Figure 1, in section I, shows two matrices. Figure 1A shows the degree
of coproduction between industries. Each row contains the size-weighted
average sales shares of plants (in the column industry) that derive the
largest share of revenue from products in the row industry. Darker colors
indicate higher shares. Hence, by construction, the diagonal contains the
highest value in each row. There is substantial coproduction across indus-
tries, as indicated by the off-diagonal dark areas. In particular, there is
much coproduction occurring within the metal product and machinery
manufacturing sectors (the large shaded square on the bottom right)
and in the chemicals and pharmaceuticals industries (the industries with
indices between 55 and 93), as well as within the textiles and apparel sec-
tors (150–70). Firms fromadiverse range of industries choose to have aux-
iliary outputs from the plastic and rubber industries (columns 100–112).
TABLE 1
Frequency and Sales Shares of Multi-industry Firms

No. of Industries

2-Digit Sectors 3 -Digit Industries

Observations % Firms % Sales Observations % Firms % Sales

1 250,028 81 50 208,881 68 38
2 43,048 14 28 63,997 21 23
3 10,113 3 12 22,723 7 14
4 2,972 1 7 6,843 2 8
5 864 0 2 2,835 1 6
6 216 0 1 1,198 0 6
7 43 0 0 539 0 2
8 7 0 0 183 0 1
9 3 0 0 69 0 1
101 26 0 1
Source.—Authors’ calculations from ASI data.
Note.—Observations are firm-years.
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These patterns are similar to the coproduction documented by Bernard,
Redding, and Schott (2010) for the United States.
Figure 1B shows a matrix that captures the similarity of the row and

column industries’ mix of intermediate inputs. Each element (k, k0) is
the inner product of the industries’ vector of intermediate input expen-
diture shares:

InputSimilaritykk 0 5 o
i

�vik�vik 0 ,

where �vik is the sum of expenditure of single-industry firms that produce
only k on intermediate inputs from i, divided by total expenditure of
these firms on intermediate inputs. This measure captures the overlap
in intermediate-input mixes between industries k and k0. While not iden-
tical, the two matrices look very similar. The metal product and machin-
ery industries all rely on primary metals as inputs; the textiles and apparel
industries share a dependence on textile fibers and yarns. Many base
chemicals are applicable in different industrial processes. This correla-
tion motivates an examination of firms’ input mixes in determining their
comparative advantage in the next section.
III. The Input Mix and Comparative Advantage
of Firms
Motivated by the strong positive relationship between coproduction and
common use of intermediate inputs at the aggregate level, we focus in
particular on the role of firms’ intermediate-input mix in explaining re-
vealed comparative advantage. We find that firms’ intermediate-input
mix explains their subsequent movements in the product space and that
these input mixes interact with policy changes to shape revealed compar-
ative advantage. Our regressions motivate a structural model of firm het-
erogeneity in input-biased productivity, which we present and estimate
in section IV. The estimating equation in that model bears a close resem-
blance to the reduced-form regressions from this section but provides a
structural interpretation to the estimated coefficients.
A. Input Similarity
A natural way to bring the industry-level input similarity from above to
the firm level is to consider the inner product of the firm’s vector of
intermediate-input expenditure shares, vj, with the vector of intermediate-
input expenditure shares of an industry k:

InputSimilaritytjk 5 o
N

i51

vijt�vik ,
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where i indexes the expenditure shares of spending on 3-digit inputs and
t denotes time. We construct the aggregate intermediate-input shares �vik
by aggregating the microdata of single-industry plants that produce only
in industry k. The input similarity measure ranges from zero, when firm j
and sector k have no 3-digit inputs in common, to one, when the input
expenditure shares of firm j and sector k are identical. The crucial differ-
ence between this firm-level input similarity and the aggregate input sim-
ilarity constructed in section II.B.2 is that this one incorporates idiosyn-
cratic firm-specific variation in input mixes. The firm’s input mixes may
deviate from the one observed in input-output tables because of the firm
producing outputs belonging to multiple industries or because of other
sources of variation. This firm-specific variation is quantitatively impor-
tant: a set of input-output dummies explains only 61% of the overall var-
iation in firm’s cost shares vij. The firm-industry input similaritymeasure is
related to the measure of technological proximity of Bloom, Schanker-
man, and Van Reenen (2013). Our model in section IV provides a struc-
tural interpretation of the measure as the part of firm-level comparative
advantage that comes from shared capabilities in intermediate input use.
B. Estimating the Role of Input Similarity
in Industry Adoption
We use the input similarity measure to predict firm movements in the
product space. To avoid the possibility that changes in the input mix pre-
date an anticipated change in the product mix, we use the firms’ sales
and intermediate-input shares at the time of the first observation (and
denote the corresponding similarity measure by a “0” superscript).12

Our baseline specification is a linear model for the probability of firm
j adding industry k between time t and t 1 1:

Addjkt 5 b � InputSimilarity0jk 1 ajt 1 akt 1 akk 0t 1 εjkt : (1)

Here, Addjkt is 1 if and only if firm j does not produce in industry k at time
t but does so at time t 1 1; ajt is a firm-time fixed effect that captures the
average rate of adding industries for each firm-year, leaving the regression
to identify only the direction of change in the industrymix andnot changes
in the number of industries that the firm operates in; akt is an industry-time
fixed effect that captures any economic changes that determine entry
into a particular industry at a particular point in time (such as demand
shocks for k or input cost shocks that affect all potential k-producing firms
uniformly). In some specifications, we refine this to industry pair–time
12 That said, the data on reported intermediate-input use in the ASI are the expenditures
on intermediate inputs that are being consumed in the current year. Hence, purchases of
inventories should not show up in these variables.
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fixed effects, akk0t, with an additional dimension of the firm’s industry k0

fromwhich it derives thehighest fractionof revenue. These effects control
for all shocks that might make all firms in industry k0 more or less likely to
start producing in industry k. Finally, εjkt is an idiosyncratic error term. Ap-
pendix A shows summary statistics and correlation tables for all the vari-
ables in the regression.
Table 2 shows the results of estimating equation (1), with the inclusion

of increasingly stringent fixed effects from left to right. The first specifi-
cation contains only firm-year fixed effects, thereby estimating the direc-
tion of movement in the industry space. The estimated coefficient of
the input similarity measure is positive and statistically significant: firms
that have an initial input mix that is relatively intensive in inputs that
an industry k relies on are more likely to start producing in k (than in
the average industry). The second specification additionally includes
industry-time fixed effects for every period, which control for any system-
atic demand or supply shocks that could affect the probability of firms
starting to produce in a particular industry. Finally, the third specification
of table 2 is very stringent, in that it absorbs the average rate of product
adoption for each product k and the main industry of each firm k0 (as
measured by sales) for each period through k � k 0 � t fixed effects. This
means that any economic shock (supply, demand, technology, infrastruc-
ture, etc.) that might affect industry coproduction is accounted for and
that what remains are estimates of the direction of intraindustry product
changes driven by idiosyncratic input-output linkages of each firm within
its main industry. As the table shows, input similarity remains important
even in this specification.
Our preferred specification is presented in column 2 of table 2, which

controls for annual rates of product adoption at the firm level in addi-
tion to annual supply and demand shocks that occur at the product
level. A 0.10 unit increase in the similarity between firm and industry
TABLE 2
Industry Entry: Input Similarity

Dependent Variable: Addjkt

(1) (2) (3)

InputSimilarity0jk .0391** .0383** .0281**
(.0004) (.0004) (.0006)

Firm � year fixed effects ajt Yes Yes Yes
Industry � year fixed effects akt Yes
k � k0 � t fixed effects akk0t Yes
R 2 .0097 .0117 .0575
Observations 52,691,029 52,691,029 52,666,907
Note.—Standard errors are in parentheses, clustered at the firm-industry level.
** p < .01.
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cost shares is associated with a 0.38 pp (or 75%) higher entry probability.
In distributional terms, a 1 standard deviation increase in input similar-
ity is associated with a 174% higher industry entry rate.
As inprevious work examining product diversification, the results above

constitute compelling correlations between firm characteristics and sub-
sequent entry into industries by firms. To establish a causal channel and
distinguish from competing theories, we now turn to exploiting a policy
change that interacted with the firm’s input mix to determine the direc-
tion of change in the output industry mix.
C. Dereservation of Products from Small-Scale Production
Since the 1950s, India has given particular attention to the development
of its small-scale industry (SSI) sector, which contributes almost 40% to
gross industrial value added and is the second-largest employer after ag-
riculture.13 Starting in 1967, the government implemented a policy of res-
ervation of certain products for exclusive manufacture by SSI firms. The
stated aim of this policy was to ensure employment expansion, to achieve
amore equitable distribution of income and “greater mobilization of pri-
vate sector resources of capital and skills” (Government of India 2009).
By the end of 1978, more than 800 products had been reserved; in 1996
it was more than a thousand.
By the early 1990s, the government realized that the reservation policy

was inconsistent with the vast liberalization that had begun in the late
1980s and culminated in the new economic policy of 1991. According
to the expert committee set up by the government to look into SSI policy,
reservation did little to promote small enterprises and had negative con-
sequences by keeping out large enterprises in these products. With free
imports of most goods after liberalization, the reservation policy was no
longer relevant. It also did not cover the large majority of products man-
ufactured by the small-scale sector. Those industries that were covered,
such as light engineering and food processing, were unable to grow
and invest in better technologies because of the limitations imposed by
SSI reservation. Consequently, the government was repeatedly advised
to dereserve products from the SSI list (Hussain 1997). Over the course
of the years 1997–2008, the government dereserved almost all products
(see table 3). The remaining 20 products were dereserved in 2015.
The definition of SSIs, and therefore the scope of reservation, changed

over the period during which the reservation was in place. In 1955, an
SSI was defined as an establishment with fixed investments of less than
13 Development Commissioner, Ministry of Micro, Small, and Medium Enterprises, India
(2018). Available at http://www.dcmsme.gov.in/publications/reserveditems/resvex.htm.

http://www.dcmsme.gov.in/publications/reserveditems/resvex.htm
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500,000 Indian rupees (Rs) that employed less than 50 workers when
workingwith power or less than 100workers whennotworkingwith power.
The employment criterion was dropped in 1960, and the SSI definition
was based on the original value of investment in plant and machinery.
The investment value was revised over time, and by 1999, the investment
ceiling was Rs10 million in plant and machinery (at historical cost).
The impact of the product dereservation on output markets has been

thoroughly studied in the literature. The consensus is that the dereserva-
tion policy was not systematically related to industry characteristics. In the
official report to the government, Hussain (1997, §2.2) states that there
was “no explanation in official documents anywhere how the list of re-
served items have been selected, . . . the choice of products was somewhat
arbitrary.” The dereservation policy led to entry of large firms into the
dereserved markets, which boosted overall industry output and employ-
ment: Martin, Nataraj, and Harrison (2017) find that the aggregate em-
ployment response is, on average, above 40%, that output increased by
about 30% and wages by 6% and that the number of producers grew by
about 13%.Most of the policy response occurred among new firms enter-
ing the dereserved product space, rather than old firms adding new prod-
ucts (Amirapu, Gechter, and Smagghue 2018).
In contrast to the existing literature, we use the dereservation as an

unexpected change in the conditions that firms face on intermediate-
input markets; we are thus looking at firms that are downstream from
the dereserved markets. Unit values paid by downstream firms using in-
puts fromdereservedmarkets dropby about 8%–12%upondereservation
(see the online appendix for full results of regressing log unit values of
domestic 5-digit inputs on a dereservation indicator with various fixed ef-
fects).Weuse the policy to obtain variation in input supply that is plausibly
exogenous to the production decisions of using firms that were not in the
small-scale sector.
D. Input Similarity Weighted by Dereservation
The official list of dereserved items is taken from the ministry’s website
andmanuallymatched to 5-digit ASIC products. To define dereservation,
let dijt0 be 1 if and only if firm j at some point uses a 5-digit product in the
3-digit industry i that has been dereserved during or before year t 0. We
TABLE 3
Dereservation of Products, by Year

Year 1997 1999 2001 2002 2003 2004 2005 2006 2007 2008 2010 2015

No. of products 15 9 15 51 75 85 108 180 212 107 1 20
Source.—Government of India, Ministry of Micro, Small and Medium Enterprises.
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then interact the similarity measures by these dereservation indicators
as follows:

ðInputSimilarity-DereservationÞtjkt 0 5 o
N

i51

dijt 0vijt�vik : (2)

This measure “selects” the portion of input industries in the inner prod-
uct that have been dereserved.
To study how the dereservation interacts with firms’ input mix in shap-

ing their comparative advantage, the specification of equation (1) is es-
timated with the input similarity measure weighted by dereservation. Ta-
ble 4 shows that the estimated coefficient of the dereservation-weighted
input similarity coefficient is positive and statistically significant in all
specifications: when input i gets dereserved or faces reduced tariffs,
firms that have been using i intensively are more likely to add products
that rely heavily on i. Column 4 includes a tariff-change-weighted input
similarity measure, analogous to the dereservation-weighted input simi-
larity.14 Later in thepaper, the structural estimationprovides a tariff equiv-
alent for dereservation.
To put these numbers in perspective, a firm experiencing a dereserva-

tion of one of its inputs gets a shock equivalent to a 0.30 increase in input
similarity for itsmost affected output industry and 0.19 and 0.12 increases
for its second- and third-most affected output industries, respectively. A
1 standard deviation increase in the initial input similarity–dereservation
measure is associated with an 18% higher industry entry rate, versus a
13% higher industry entry rate for the tariff-based measure, suggesting
TABLE 4
Industry Entry: The Impact of Dereservation

Dependent Variable: Addjkt

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

InputSimilarity0jk .0379** .0371** .0273** .0268**
(.0004) (.0004) (.0006) (.0006)

InputSimilarity-Dereservation0
jkt .0429** .0424** .0203** .0192**

(.0025) (.0024) (.0024) (.0024)
InputSimilarity-Tariff0jkt 2.0701**

(.0095)
Firm � year FE ajt Yes Yes Yes Yes
Industry � year FE akt Yes
k � k0 � t FE akk0t Yes Yes
R 2 .0098 .0118 .0575 .0576
Observations 52,691,029 52,691,029 52,666,907 52,666,907
14 This is constructed by replac
India’s import tariffs Δtijt0. For the
ing the derese
precise definit
rvation indicat
ion and data d
or dijt0 with the
escription, see
Note.—Standard errors are in parentheses, clustered at the firm-industry level. FE 5
fixed effects.
** p < .01.
change in
app. C.2.
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amuch larger direct role for removal of entry barriers, compared to input
tariff cuts.15
E. Case Study
Dereservation reduced firms’ input prices, and we use the policy to ob-
tain variation in input supply that is plausibly exogenous to the produc-
tion decisions of using firms that were not in the small-scale sector.
The reasoning for using the dereservation policy to study input-based
comparative advantage can be motivated by a notable example in com-
parative advantage driven by better input supply from dereservation.
India is the leading producer, consumer, and exporter of spices in the

world and produces 28%of the world’s spices. The spice industry in India
traditionally specialized in bulk spice commodity production but has now
become a world supplier of high-value spice products (including oleores-
ins, seasonings, sterilized spices, and nutraceuticals). According to the
Asian Development Bank, one of themain constraints faced by high-value
spice producers is the difficulty in getting high quality and reliable supply
of spices, for which they rely on small, unorganized firms.
Spices were reserved for small-scale production till 2008. On Octo-

ber 10, 2008, the government of India dereservedoneof themainproduct
categories: ground and processed spices, which serves as an input into sev-
eral related industries. The National Productivity Council of India docu-
mented that the dereservation led to a rise in employment per unit and
an expansion in capital investment per unit in the ground and processed
spices industry.
Immediately after the dereservation in November 2008, the industry

magazine Spice India suggested that it is “for the spice industry now to
make use of the dereservation” to expand its processing capabilities
and to enhance development in high-value-added segments. One of the
top five sellers of spice oleoresins in the world is a good example of how
the product mix of firms changed with the dereservation of spices.
Headquartered in Cochin, Kerala, the Akay Group is a large Indian

firm with sales of over US$45 million in 2017. It exports mostly to the
United States, Europe, and China and is a leading producer of high-value
spice products. It initially specialized in food coloring, certain spices, and
flavored oil. Following the dereservation, Akay expanded its product
offerings to new products that rely heavily on dereserved inputs, such
as spiceuticals (spice-based health supplements) and various oleoresins
(which are semisolid spice oils such as capsicumoleoresin and cardamom
15 As the paper addresses mechanisms driving product entry of firms, we abstract from
indirect input-output linkages that could be important if the question of interest is the ag-
gregate effect of dereservation or tariff policies.
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oleoresin). Therefore, building on its earlier product portfolio, Akay has
scaled up operations in products that use related dereserved inputs. Sim-
ilar examples of moving toward spice-intensive products can be found in
the ASI data for firms that were in related industries before the deres-
ervation. Therefore, the case study provides a real-world example of the
findings from the reduced-form evidence.
F. Alternative Theories of Product Diversification
While the previous subsections control for a rich set of fixed effects to
account for unobserved differences across firms, industries, and industry
pairs over time, coproduction could arise because of other rationales
suggested by theories of the firm, such as vertical integration and de-
mand complementarities or substitutability. We discuss these in the re-
mainder of this section and find that they are not confounding the find-
ings for shared inputs driving product diversification.
1. Vertical Diversification Measures
Firms could diversify up and down their value chain to gain vertical effi-
ciency (e.g., Stigler 1951; Chandler 1992). We use the constructed input-
output shares �v to measure whether a sector k is upstream or downstream
from the firm’s current product mix. Let jzjt denote the sales of firm j in
industry z at time t, divided by the total of j’s sales at time t. Accordingly,
we define

Upstreamt
jk 5 o

N

z51

jzjt
�vkz, Downstreamt

jk 5 o
N

z51

jzjt
�vzk , (3)

where z runs over the set of 3-digit industries. To make sense of these def-
initions, consider the following analogy. Imagine a firm j with observed
sales shares jjt. Then, given the firm’s output mix jjt and the industry’s
average input expenditures for these outputs, one would expect the ex-
penditure share upstream of j on k to be Upstreamt

jk. This measure, for
example, is positive for the car components industry when the firm be-
ing considered is in the car industry, and the value of the upstream mea-
sure rises with the share of car sales of the firm and with the input share
of car components in making cars. Likewise, Downstreamt

jk is propor-
tional to the expected expenditure share of downstream industry k on
a firm with the output mix jjt. It is positive, for example, for the car in-
dustry when the firm being considered makes car components, and the
value of the downstream measure rises with the firm’s sales share in car
components and the input share of car components in the downstream
car industry.
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2. Output Similarity Measures
Firms might also enjoy other complementarities in outputs, by which
firms that produce in one industry, or a certain set of industries, are able
to obtain relatively higher prices or sales for products from another in-
dustry. We construct a measure of output similarity analogously to our in-
put similarity index as an inner product between firm j’s sales shares and
the aggregate industry k’s sales shares:

OutputSimilaritytjk 5 o
N

i51

jijt�jik,

where i runs over the set of 3-digit industries. The vector �jk denotes the
(size-weighted) average jij 0 among firms j 0 that derive their highest frac-
tion of revenue from sales in k. Again, this measure captures the degree
of overlap between firm j ’s portfolio of sales (across industries) and the
average portfolio of firms that sell most in k. We also construct an output
similarity weighted by the dereservation dummies analogous to the input
similarity measure in equation (2).
Output similarity summarizes similar distributions of sales, whichwould

be implied by the horizontal diversification motives of demand-side theo-
ries (e.g., Brander andEaton 1984; Shaked and Sutton 1990;Willig, Salop,
and Scherer 1991; Jovanovic and Gilbert 1993; Dhingra 2013; Bernard
et al. 2019). If firms diversify to internalize demand complementarities
across products, it would show up as higher values of output similarity,
and there would then be a positive relationship between the output simi-
larity measure and firm’s product diversification. If firms diversify to gain
market power by taking over substitutable products, then output similar-
ity would be low, and there would be a negative relationship with firm
diversification.
The advantage of the output similarity measure is that it encapsulates

various factors determining coproduction in a way that is broadly appli-
cable, relying on information from input-output tables. But like many
inferred measures, output similarity embeds both demand- and supply-
side motivations.16 For our purposes, this means that we cannot disentan-
gle the different demand- and supply-side factors embedded in output
similarity, but we can assess whether these factors confound the effects
of input similarity in determining firm diversification.
16 Product substitutability has also been measured in related work by Broda and Wein-
stein (2006) and Hoberg and Phillips (2016), who construct demand substitutability mea-
sures through, respectively, trade data across various countries (where demand-side param-
eters are inferred structurally) and computational linguistic methods to determine product
similarity from textual product descriptions (which correlate well with demand-side expen-
ditures such as advertising). These methods either are applicable only to exported products
or rely on English-language descriptions, which makes them less suited to other settings.
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Output and input similarity would be positively correlated with each
other when the latter is an important contributor to coproduction, as sug-
gested by figure 1. There is, however, substantial independent variation
across the two measures, especially when they are interacted with the
dereservation policy. The correlation of the dereservation interactions
of input and output similarity is tiny because the dereserved products
could not generally be produced by firms (which were not “small,” ac-
cording to the policy).
Table 5 shows the result of estimating equation (1) when controlling

for the output similarity variable, the dereservation-weighted version of
it, and the two vertical relatedness measures. Firms are also slightly more
likely to move upstream from their product mix and slightly less likely to
move downstream, showing again a role for inputs in product diversifica-
tion. The estimated coefficient of output similarity is positive and signif-
icant, in particular in the specifications with k � k 0 � t fixed effects. Put-
ting the numbers in perspective, a 1 standard deviation higher output
similarity or upstream linkage is associated with a 62% or 152% higher
entry probability, respectively (based on col. 2). A 1 standard deviation
rise in the downstream linkage is associated instead with a 38% lower en-
try probability. The existence of these channels is not entirely surprising
TABLE 5
Industry Entry: Robustness

Dependent Variable: Addjkt

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

InputSimilarity0jk .0379** .0251** .0245** .0199** .0195**
(.0004) (.0004) (.0005) (.0006) (.0006)

InputSimilarity-Dereservation0
jkt .0429** .0383** .0378** .0155** .0145**

(.0025) (.0024) (.0024) (.0023) (.0023)
OutputSimilarity0jk .0136** .0136** .100** .100**

(.0006) (.0006) (.0018) (.0018)
OutputSimilarity-Dereservation0

jkt .0344** .0334** .0171** .0171**
(.0016) (.0016) (.0022) (.0022)

Upstream0
jk .0335** .0315** .0291** .0291**

(.0009) (.0009) (.0030) (.0030)
Downstream0

jk 2.00826** 2.0076** 2.0035* 2.0036*
(.0007) (.0006) (.0014) (.0014)

InputSimilarity-Tariff0jkt 2.0640**
(.0095)

Firm � year FE ajt Yes Yes Yes Yes Yes
Industry � year FE akt Yes
k � k0 � t FE akk0t Yes Yes
R 2 .00981 .0122 .0140 .0646 .0646
Observations 52,691,029 52,691,029 52,691,029 52,666,907 52,666,907
Note.—Standard errors are in parentheses, clustered at the firm-industry level. FE 5
fixed effects.
* p < .05.
** p < .01.
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and couldbe suggestive of other complementarities, such as demandcom-
plementarities, motivating product diversification. Most importantly, the
estimated coefficients of input similarity and dereservation-weighted in-
put similarity remain positive and statistically significant across different
specifications. They are also economically more important than the other
measures through higher estimated coefficients and larger values of the
measure on average.
3. Alternative Output Complementarity Measures
A nonparametric way of capturing demand complementarities is to in-
clude a vector of output industry mix� year fixed effects for all observed
output combinations (i.e., fixed effects at the industry mix–time level
rather than just at the industry pair–time level). Table 6 shows the entry
regressions with fixed effects for k � K ð jÞ � t groups, where K( j) is a set
of dummies for the mix of goods produced by j at the time of first obser-
vation. These specifications show that among all producers of a particular
product mix at a given time and for a particular industry k, entry rates are
higher for firms that use input bundles more similar to those needed in
industry k. The output mix fixed effects absorb time variation in the entry
probabilities for combinations of industries, including those arising from
TABLE 6
Industry Entry with Output-Mix Indicators

Dependent Variable: Addjkt

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

InputSimilarity0jk .0145** .0143** .0147** .0145**
(.0006) (.0006) (.0006) (.0006)

InputSimilarity-Dereservation0
jkt .0125** .0121** .0122** .0118**

(.0025) (.0025) (.0025) (.0025)
InputSimilarity-Tariff0jkt 2.0268** 2.0269**

(.010) (.010)
OutputSimilarity0jk 2.0228** 2.0228**

(.0038) (.0038)
OutputSimilarity-Dereservation0

jkt .0066** .0066**
(.0025) (.0025)

Upstream0
jk .0039 .0039

(.0080) (.0080)
Downstream0

jk 2.0000 2.0000
(.0025) (.0025)

Firm � Year FE ajt Yes Yes Yes Yes
k � K( j) � t FE akK( j)t Yes Yes Yes Yes
R 2 .123 .123 .123 .123
Observations 47,136,891 47,136,891 47,136,891 47,136,891
Note.—Standard errors are in parentheses, clustered at the firm-industry level. FE 5
fixed effects.
** p < .01.
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demand complementarities. The coefficient of the input similarity mea-
sure remains positive and statistically significant. It is slightly smaller than
the baseline specification with k � k 0 � t fixed effects (in col. 3 of table 4),
as might be expected because the average input similarity effect is sub-
sumed in the new fixed effects.
Table 6 confirms that input similarity is not confounded with demand-

side motivations for changes in the output mix of firms as controlled for
by the k � K ð jÞ � t groups of all initial output mixes.17 It also reveals that
firms move into industries similar in output to their main industry but
dissimilar in output from the rest of their industry mix. If output similar-
ity is interpreted as capturing demand complementarities, then this is
consistent with diversification into industries that receive positive de-
mand spillovers from themain industry and into industries that differen-
tiate the firm from its competitors that have the same industry mix.
4. Diversification Discount
Agency-based theories of the firm suggest that diversification reduces the
value, growth, or productivity of firms and that managers undertake di-
versification to deploy distressed assets away from core activities. It there-
fore might be that firm diversification into industries with shared inputs
reflects weaker firms moving into new activities that would not be pur-
sued by stronger firms to achieve growth. As a first examination of this
weak-firm hypothesis, table 7 estimates the heterogeneous effects across
firms on the basis of their initial size, which is often taken as a proxy for
stronger performance. We run the baseline entry regressions but interact
input similarity (and the dereservation-weighted version) with log sales of
the firm at the time of first observation (to proxy for “strong” vs. “weak”
firms). The regressions clearly show that larger firms have a stronger cor-
relation between input similarity and industry entry. The negative coeffi-
cient on InputSimilarity0jk is completely dominated by the positive coeffi-
cient on the interaction, resulting in an almost-zero correlation for the
smallest firms (as log sales for the bottom percentile is about 12). The es-
timated coefficients are very similar to the ones from this table when log
sales at time t is used instead of that at the time of first observation. There-
fore, there is little evidence to support that weaker firms select into input-
similar industries.
It may, however, be that firms that diversify into input-similar industries

start to experience slower growth, which would again point toward weaker
(low-growth) firms selecting into input-similar industries. Table 8 studies
17 See, for instance, Mayer, Melitz, and Ottaviano (2021), who use a similar approach to
control for firm-export destination effects.
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the relationship between postentry sales growth and input similarity, and
tables B8–B10 provide further checks with different sets of fixed effects to
compare across firms by their entering and continuing industries. In par-
ticular, we examine the specification
TABLE 7
Revealed Comparative Advantage: Sales Interactions

Dependent Variable: Addjkt

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

InputSimilarity0jk 2.0346** 2.0348** 2.0328** 2.0396** 2.0382**
(.0029) (.0028) (.0029) (.0029) (.0030)

InputSimilarity0jk � logSales0jk .0042** .0041** .0040** .0039** .0038**
(.0002) (.0002) (.0002) (.0002) (.0002)

InputSimilarity-Dereservation0
jkt 2.0102 2.00888 2.00314 2.0180 2.0139

(.020) (.020) (.020) (.019) (.019)
InputSimilarity-Dereservation0

jkt �
logSales0jk .0029* .0028* .0024* .00201 .00181

(.0011) (.0011) (.0011) (.0011) (.0011)
InputSimilarity-Tariff 0jkt 2.156 2.0898

(.10) (.094)
InputSimilarity-Tariff 0jkt � logSales0jk .0047 .0024

(.0053) (.0049)
Firm � year FE ajt Yes Yes Yes Yes Yes
Industry � year FE akt Yes Yes
k � k0 � t FE akk0t Yes Yes
R 2 .0100 .0120 .0121 .0577 .0577
Observations 52,691,029 52,691,029 52,691,029 52,666,907 52,666,907
Note.—Standard errors are in parentheses, clustered at the firm-industry level. FE 5
fixed effects.

1 p < .10.
* p < .05.
** p < .01.
TABLE 8
Postentry Growth: Within Entering Industries

Dependent Variable:
logðAvg Salest, ::: ,t13

jk Þ
Dependent Variable:
logðAvg Salest, ::: ,t15

jk Þ
(1) (2) (3) (4) (5) (6)

InputSimilarity0jk 1.5438** 1.4885** 1.3314** 1.7403** 1.6836** 1.5259**
(.0859) (.0864) (.0878) (.0869) (.0875) (.0887)

InputSimilarity-Dereservation0
jkt 1.4308** 1.0711** 1.4672** 1.1060**

(.3349) (.3313) (.3349) (.3275)
InputSimilarity-Tariff0jkt 221.5375** 221.6295**

(1.3242) (1.3368)
Industry � year FE akt Yes Yes Yes Yes Yes Yes
R 2 .181 .181 .186 .188 .189 .194
Observations 55,318 55,318 55,318 55,318 55,318 55,318
Note.—Dependent variable is the log average sales by firm j in industry k between t 1 1
and t 1 h for h 5 3 or 5 years. Years where the firm is not surveyed are excluded in the
calculation of the average. Standard errors are in parentheses, clustered at the firm-industry
level. FE 5 fixed effects.
** p < .01.
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log oh
t51Salesjkt

oh
t511 firm j observed at tð Þ

 !
5 b0InputSimilarity0jk 1 akt 1 εjkt

on the sample of observations ( j, k, t), where firm j is entering industry k
between t and t 1 1 for h 5 3 or 5 years. The dependent variable is log
average sales of the firm in the industry it entered over a 3- or 5-year ho-
rizon, where the average is taken across all years where we observe the
firm (note that this may include zeros if the firm has exited the industry
during that time window).18 Table 8 includes industry-year fixed effects
and therefore compares firms entering the same industry k at time t that
may have produced different outputs before. We find that firms whose
input mix is more similar to k have higher postentry sales and not a diver-
sification discount, as predicted by many agency-based theories.
5. Other Explanations and Robustness
Within the resource-based view of the firm, our focus has been on shared
intermediate inputs because of the policy variation that we can directly
leverage. Primary factors, such as labor and capital, could also be shared
across industries within the firm. This is explored in full detail in sec-
tion V, after a simpler exposition with just intermediate inputs.
In appendix B, we report a number of additional results and robustness

checks: input similarity shapes revealed comparative advantage not only
through industry entry but also through the probability of dropping an in-
dustry from themix and through the intensivemargin of production. The
probability of dropping an industry falls with input similarity, while sales in
an industry rise with input similarity. This suggests that product turnover is
not driving the relationship between diversification and input similarity,
which is also reaffirmed in the postentry sales growth specifications. We
also show that results hold when focusing on (1) the set of large firms
(≥100 employees) that are sampled every year in the ASI, (2) the set of
firms that are single-plant firms, (3) the sample when excluding industry
pairs (k, k0) where there is never any coproduction, (4) the sample exclud-
ing few producing firms per industry-year, (5) the sample of firms that ex-
clude those defined as wholesalers, and (6) the sample of firms that are
single product to begin with. Finally, the results are also robust to chang-
ing the estimator from OLS (ordinary least squares) to logit to better ac-
count for the discrete nature of the dependent variable. We conclude that
18 We choose this dependent variable because in any given year, smaller firms are sur-
veyed with only about 20% probability. Given that we are conditioning on entry, sales in
year t 1 1 are necessarily positive.
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input-based comparative advantage is robust to a number of explanations
for product diversification proposed by theories of the firms.
The next section investigates these reduced-form findings by building

a structural model that explains them and quantifies the role of firm-
level comparative advantage based on input-output mechanisms.
IV. Theory of the Firm: Product Diversification
and Input Similarity
This section presents a theory ofmultiproduct firms including economies
of scope. We focus on the simplest setting, which yields a relationship be-
tween policy changes in the input market, supply of inputs, and produc-
tion choices of multiproduct firms.
The model starts with the primitive of industry-specific production

functions, which firms use with their endowed industry-specific productiv-
ities. Economies of scope arise because firms can invest in acquiring input-
specific capabilities that can be shared across the industries that they pro-
duce in. This generates input-based comparative advantage, which makes
firms more likely to produce in industries that share inputs. Increases in
the depth of input supply, such as the removal of upstream entry barriers
or reductions in input tariffs, operate to heighten these economies of
scope. But as a firm goes on expanding its product range, its acquired ca-
pabilities get stretched further and the return to comparative advantage
declines, as in models of core competencies. This endogenizes the flexible-
manufacturing hypothesis of Eaton and Schmitt (1994), Eckel and Neary
(2010), andMayer,Melitz, andOttaviano (2014), where unit costs of produc-
tion rise as firms move away from their core competencies.19

The production model allows us to isolate upstream-downstream link-
ages and their role in multiproduct final-goods production. As we see be-
low, even here the interdependency of suppliers’ entry choices and pro-
ducers’ capability choices that allow them to use better-quality suppliers
opens up a rich framework. Key to establishing the existence of a supplier
equilibrium is avoiding Jevons’s paradox, namely, that increased efficiency
of an input (as a result of more efficient coal engines) can result in a net
increase in demand for the input (coal), causing an outwardly spiraling
feedback loop. In our case, increased entry lowers the input costs of down-
stream firms, spurring further demand and therefore entry. The supplier
model also shows that as parameters approach Jevons’s paradox, multiple
supplier equilibria are possible, precisely as one would get with textbook
19 This also rationalizes the finding of Fontagné, Secchi, and Tomasi (2018) that export-
ers have typical (essentially median) product vectors that are common across many mar-
kets but that there is also considerable fickleness of distinct product baskets across markets
(perhaps because of country-specific demand).
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falling-average-cost-curve models. This echoes the literature on external
scale economies going back to Ethier (1982), although in our case these
arise endogenously fromadownstreamdemand response to cutthroat com-
petition by suppliers rather than from a technological assumption.
The model first solves for the optimal pricing and production choices

of downstream firms for fixed capabilities, then turns to supplier behav-
ior and establishes their production, pricing, and entry choices. It then
determines the capability choice of firms for exogenous industry-time
demand shifters.20 In that sense, the model is not completely closed, re-
maining agnostic about the relationship of the demand shifters, since
the empirics will allow for rich empirical substitution/complementarity
patterns over time.
The key insight from the model is that unit costs across industries for

multiproduct firms are interdependent through the portfolio of demand
a firm faces, because capabilities are chosen tomaximize total profits, not
minimize costs in any single industry. This extends the pioneering work
by Baumol (1977) and Panzar andWillig (1981), as the existence of econ-
omies of scope brings in joint-optimization considerations that alter the
usual duality results. The framework generates an intuitive estimating
equation that mirrors and interprets the input similarity results of the
previous section. The portfolio of products a firm produces and the im-
pact that policy changes have on observed portfolios are determined by a
firm’s optimal input distance from an industry. Distance from an industry
carries a productivity penalty, as per the idea of core competency, which
examination shows contains the input similarity measure

2o
i

vijt 2 �vik
� �2

|fflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflffl}
input distance penalty

5 2 o
i

vijt�vik|fflfflfflffl{zfflfflfflffl}
input similarity

2 o
i

v2ijt|ffl{zffl}
Hicks-neutral capability cost

2 o
i

�v2ik|ffl{zffl}
industry effect

,

which can be interpreted in the light of theory. The theory motivates an
instrumental variable (IV) strategy that uses common industry-time de-
mand shocks to approximate how endogenous firm revenue shares would
change, which maps onto input distance changes (separately from firm-
industry-time changes holding last period’s capability choices constant).
This will allow us, in the next section, to use the structural estimates to
quantify entry barriers in terms of equivalent tariffs and to determine the
20 The closest piece to our model of supplier behavior is de Blas and Russ (2015), who
use Fréchet cost draws and limit pricing for a discrete number of firms that sell to end con-
sumers, and our setting delivers analogs to their propositions 1 and 2. In contrast, we ex-
amine the interplay of supplier entry and downstream feedback effects through demand
that creates the possibility of Jevons’s paradox and multiple or nonexistence of equilibria
while still delivering a tractable model that can be readily estimated.
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extent to which input-driven economies of scope explain the portfolios
of multiproduct firms.21
A. Demand and Unit Costs
There are a finite number of downstream firms, which are large relative
to suppliers. Firm j can produce in multiple industries, indexed by k. In
period t, firm j pays a fixed cost of fkt to operate in industry k and faces
inverse demand in industry k of 22

pjkt qjkt
� �

5 Dktq
r21
jkt ,

where pjkt are prices, q jkt are quantities, and Dkt is an industry-time demand
shifter. To produce a quantity q jkt in industry k at time t, firm j combines
inputs from industry i,Mijkt, using a constant-returns-to-scale Cobb-Douglas
technology with industry input expenditure shares �vik and industry produc-
tivity labeled Jjk.23 As firms pay a fixed cost to produce in any industry each
period, we can think of them as “production loci” with firm-industry pro-
ductivity vector types Jj that produce different combinations of final goods
each period, depending on demand and supply conditions. At input prices
Sijtwit, the unit cost of firm j to produce in industry k at time t is therefore

cjkt ;
Y
i

Sijtwit

�vikJjk

� ��vik

:

Thus, cjkt is a vector of unit costs that are influenced by input prices and
industry productivities.
B. Capabilities
Inputs Mijk at the industry level are a composite of quantities miijkt of va-
rieties, indexed by i; Mijk is the CES aggregator of varieties of input i:

M j21ð Þ=j
ijkt 5

ð∞
0

m j21ð Þ=j
iijkt di, (4)

where variety i of input i has a price siit. Firms have capabilities of using
inputs with prices ½cijt ,∞Þ, where cijt is chosen by the firm. Here, a lower
21 In what follows, we take all prices in terms of a numeraire input or commodity (e.g.,
labor).

22 As is well known, this structure can be microfounded with CES (constant elasticity of
substitution) preferences over varieties at the industry level. How one chooses to aggregate
across industries has implications for the patterns across {Dkt} each period. We remain ag-
nostic to allow for flexibility in the estimation.

23 In keeping with this section’s focus on input capabilities, Jjk could be modeled as a
Cobb-Douglas aggregation of firm-input productivities: Jjk 5

Q
iA

�vik
ij .
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cijt corresponds to both a greater variety of inputs and lower averageprices.
This can be interpreted as firms screening their input suppliers by choos-
ing a lower cost cutoff for suppliers that they meet. Firms then minimize
costs to produceMijkt conditional on cijt .
All firms have an innate capability for inputs from industry i, ci0, and

can adjust this capability according to demand and supply conditions,
subject to a Hicks-neutral cost across production in all industries.24

Letting cjt denote the vector of acquired capabilities, the unit costs of
a multiproduct firm are given by qðcjtÞcjkt in each industry, where

q cjt
� �

; exp o
i

ln ci0 2 ln cijt
� �2

=2

� �
:

A firm can use its acquired capabilities across any number of products
and reoptimizes by choosing cijt each period. In order to simplify the sub-
sequent notation, we normalize ci0 5 1.25
C. Upstream Suppliers
Suppliers can enter input market i by paying an entry cost fs and receive a
cost draw bi with Prðbi ≥ bÞ 5 ðb=smÞ2l, with 0 < l < 1. The resultingmass
of entrants is Nit. Suppliers are monopolistically competitive across varie-
ties i, but within varieties inputs are perfect substitutes, and so suppliers
engage in limit pricing akin to Bernard et al. (2003). Supplier i chooses
price siit, supplying a quantity miijt to downstream firm j, and earns profits
ziit by selling to any interested firms with the capability to purchase their
variety. Since the minimum cost draw among Nit entrants is Prðbiit ≥ bÞ 5
ðb=smÞ2Ωit , with Ωit ; lNit , increases in entry uniformly decrease supplier
costs, which are passed on downstream, and prices drop even further
from limit pricing. It is noteworthy that supplier depth (per unit mass
of entry) l and the mass of entrants Nit both have similar price-reducing
effects through stochastic dominance in lower supplier prices.
D. Equilibrium
We are mainly concerned with how policies might influence supplier
depth and thereby capability choice and input distance with multiprod-
uct firms. We therefore use a partial equilibrium setting in which sup-
pliers enter, receiveheterogeneous cost draws, but compete as in aBertrand
model within their variety to supply downstream firms. Downstreamfirms
24 The innate capability is assumed to be common for econometric reasons. It can be
heterogeneous but will then have to be estimated with fixed effects beyond the combina-
tion of industry-time.

25 This will not influence our estimating equations, as it is an industry-time effect.
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are large, compared to suppliers, and purchase a continuum of input varie-
ties, as determined by their choice of capabilities, to enter across industries
and maximize profits in the presence of scope economies across indus-
tries. The jointness of the mutiliproduct firm production and sourcing
decisions and the external scale economies of suppliers interact to pro-
vide a rich setting.26 Our equilibrium concept is as follows.
Definition. An equilibrium consists of choices in which firms and

suppliers compete under monopolistic competition in product markets
such that

1. Each firm j maximizes joint profits, given production technolo-
gies, {fkt}, {Dkt}, {wit}, {�vik}, {Jjk}, sm, l, input price distributions
Prðsiit ≥ sÞ 5 ðs=smÞ2lNit , and {Nit} by choosing {qjkt}, {Mijt}, fcijtg,
and {miijt}.

2. Each supplier i in industry i maximizes profits, given the parame-
ters and distributions above, {Nit}, and downstream firm choices
{qjkt}, {Mijt}, and fcijtg, by choosing price siit.

3. Suppliers enter until expected profits E[ziit] equal the entry cost fs.
We now solve for the optimal behavior of (upstream) suppliers and
(downstream) firms.
E. Unit Costs
In what follows, we assume that Nit ≥ maxf1 1 ðj 2 2Þ=l, 1g, which is a
continuous analog of having at least two competitors and is sufficient for
limit-pricing effects from entry. While supplier entry is endogenous, we
characterize when downstream demand from final-goods firms is suffi-
cient to ensure this condition. In this setting, a downstream firm’s opti-
mal choice of inputs can be summarized by the following proposition
(all proofs are in app. D).
Proposition 1. Assume that Ωit > 1 2 j, which is necessary for non-

degenerate variety choices. Define the cost index of input i for firm j as
Sijt for costs SijtMijkt.

1. The price index for input i for firm j is a function of capabilities cjit
and supplier entry Nit:

S12j
ijt 5

lNitϑit

lNit 1 j 2 1
slNit

m c2lNit112j
jit ,
26 The model could be further closed with consumers who supply inputs to suppliers in
general equilibrium, but those features are not relevant to the subsequent analysis.
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where

ϑit ; 1 1
j 2 1

l Nit 2 1ð Þ 1 j 2 1
1 2

j 2 1

j

� �l Nit21ð Þ1j21	 

:

2. Since d ln Sijt=d lncijt 5 1 1 lNit=ðj 2 1Þ, it follows that when inputs
are
a. substitutes (j > 1), increasing varieties lowers costs (love for va-

riety); or
b. complements (j < 1), decreasing varieties lowers costs (hate

for variety).
(3) Unit costs cjkt are given by

cjkt 5
1

Jjk|{z}
firm-industry ð jkÞ
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Ωit 1 j 2 1ð Þ
� �1= 12jð Þ sΩit= 12jð Þ

m

�vik

" #�vik

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
supplier ðktÞ

Y
i

c12Ωit= 12jð Þ
ijt

� ��vik
|fflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflffl}

capability ð jktÞ

:

We next discuss the interplay between capabilities and supplier entry.
F. Supplier Entry
Since rRjk are expenditures by a firm j in industry k and �vik is the share of
those expenditures on input i, ojokr�vikRjkt are total expenditures on in-
put i. Expected profits corresponding to these revenues under limit pric-
ing are calculated by multiplying revenues by the aggregate Lerner in-
dex Ljit 5 E½minf1=j, 1 2 b1=b2gjb1 ≥ cjit �, where b1=b2 is the ratio of the
lowest to the second-lowest cost draw of suppliers of the same variety.
While the Lerner index varies by firm, the aggregate Lerner index de-
pends only on the intensity of supplier competition at the industry level,
even though each firm buys from a fraction ðsm=cjitÞlNit of all suppliers.
Compared to the usual role of the Lerner index 1/j under CES prefer-
ences, this implies that limit pricing is eating into supplier profits and
passing the benefits of external scale economies downstream. The aggre-
gate Lerner index is characterized by the following proposition.
Proposition 2. The aggregate Lerner index that converts supplier

industry revenues weighted by active suppliers into profits,

Lit ;
E ziit½ �

ojokr�vikRjkt sm=cjit
� �lNit

, (5)

decreases in entry, approaches zero, and is given by

Lit 5
1

j

j

j 2 1

� �2l Nit21ð Þ
1

1

l Nit 2 1ð Þ 1 1
12

j

j 2 1

� �2l Nit21ð Þ21
	 


≤
1

j 2 1
:
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The aggregate Lerner index functions like an average markup that de-
creases with entry as a result of increased competition from limit pricing.
The free-entry condition is expected supplier profits permass of entrants
E½ziit �=Nit equal to the entry cost fs, which, with equation (5), gives the en-
try condition:

Lit 5
fs

ojokr�vikRjkt sm=cjit
� �lNit

=Nit

: (6)

Equation (6) will obtain if the left-hand and right-hand curves consid-
ered as functions of entry cross. The aggregate Lerner index decreases
in entry, so this has the potential to hold if the right-hand side increases
in entry, that is, if average weighted revenues ojokr�vikRjktðsm=cjitÞlNit=Nit

decrease.
However, there is no reason this has to be the case. As the depth of sup-

pliers increases, downstream input costs decrease, which spurs further
entry. Famously, this occurs under Jevons’s paradox, namely, that in-
creased efficiency of an input (due to more efficient coal engines) can
result in a net increase in demand for the input (coal), causing an out-
wardly spiraling feedback loop. In our case, increased entry lowers the in-
put costs of downstream firms, spurring further demand and therefore
entry. Even while fixing the complex interrelationship of capability choice
with input markets, it is crucial to examine whether this upstream-down-
stream feedback loop leads to Jevons’s paradox. This feedback loop can
be understood through profit shifting. Increased entry by suppliers de-
creases downstream costs through downward price competition that shifts
profits into cost savings downstream. This triggers the expansion of both
profits and quantities downstream, spurring higher profits for suppliers
and therefore entry. Looking at this profit channel, it is intuitive that if
the profit taking downstream, as measured by the Lerner index 1 2 r, is
greater than the upper bound 1/j for all upstream Lerner indexes, then
the paradox is avoided.27

Proposition 3. Holding downstream entry and capabilities con-
stant, supplier entry drives average weighted revenues eventually down
to zero, including demand feedbacks from lower input costs, provided
that ð1 2 rÞj ≥ 1, which guarantees that downstream markups are high
enough to absorb the upstream cost reductions.
27 Famously, this occurs for inferior inputs, an idea dating at least to Jevons in 1865, who
pointed to a paradox by which increased efficiency of an input (due to more efficient coal
engines) can result in a net increase in demand for the input (coal). Hicks later refers to
such inputs as regressive inputs, while subsequent work calls them Giffen inputs or inferior
inputs (see, e.g., Bear 1965; Portes 1968). In our case, if the “no-Jevons’s-paradox condi-
tion” ð1 2 rÞj ≥ 1 does not hold, then for high entry costs or low downstream demand,
the market cannot support limit pricing, akin to markets that are too small to support
the entry of more than one firm.
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Returning to equation (6), one can picture the aggregate Lerner index,
drawn across levels of supplier entry, dropping from 1=ðj 2 1Þ toward an
index of zero, where limit pricing consumes all industry profits per unit
mass of suppliers and average weighted revenues fall toward zero, sweep-
ing the right-hand side of equation (6) unboundedly upward. These curves
will cross so long as average revenues are high enough, which is true for
sufficient downstream effective demand. This crossing need not be unique,
as even for fixed downstream entry choices, expected supplier profits
E[ziit] (the product of the aggregate Lerner index and average revenues)
are not necessarily decreasing in entry. However, they will be, given the
stronger conditions below, which further dampen the feedback loop that
is Jevons’s paradox. Once downstream entry is considered, then as input
costs drop from supplier entry, downstream firms may enter new indus-
tries, spiking up revenues abruptly, so for equation (6) to hold, supplier
entry must increase, potentially leading to multiple equilibria.28 We sum-
marize these arguments and provide a sufficient condition for equilib-
rium holding downstream entry fixed in the following proposition.
Proposition 4. Holding downstream entry and capabilities con-

stant, an equilibrium exists when average weighted revenues are at least
ðj 2 1Þfs at supplier mass Nit 5 1 1 ðj 2 2Þ=l. Provided that j > 1 1 l

and ð1 2 rÞj ≥ 2, supplier entry drives average expected profits mono-
tonically down to zero, including demand feedbacks from lower input
costs.
If capabilities are instead not held fixed, this implies that entry changes

for one input i will have cascading effects on input demand for all inputs
used in common production, causing changes in supplier entry in all
such inputs. Further analytical results would depend on demand struc-
tures (see Dhingra and Morrow 2019), and general results are not likely
because of the nonmonotonicities just detailed. Just as in models of the
location of production, this is to be expected from a rich model of
interlinkages that allows for “accidents of history” to occur.
When the condition of proposition 4 holds, equation (6) also provides

two comparative statics we appeal to in the empirical specification. First,
if supplier entry costs fs are reduced as from the removal of entry barriers,
the right-hand side of equation (6) shifts out, showing that the equilibrium
mass of suppliers increases. Second, suppose that some of the suppliers
are foreign and for expositional purposes, supply only to the domestic
market. For Nit fixed, if supplier costs are reduced as through a tariff de-
crease in industry i, it is easy to show that the price index Sit decreases, in-
creasing average weighted revenues and again shifting out the right-hand
28 However, the result implies average weighted revenues must decrease to zero barring
further entry, leading to an inductive proof of at least one equilibrium with the conditions
above.
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side of equation (6) and increasing the equilibrium level of supplier en-
try.29 This yields the following proposition.
Proposition 5. Under the assumptions of proposition 4,

1. decreases in supplier entry costs increase supplier entry; and
2. decreases in tariffs increase supplier entry.
G. Capability Choice
As derived above, unit costs are a function of chosen input capabilities,
which we now model. Economies of scope arise in this model because
firms can use their acquired capabilities across industries. The returns
to acquired capabilities, however, decrease as firms become active inmore
industries. Then, firms have to spread their input capabilities across a
larger range of inputs and according to the different factor intensities
of their outputs. The acquired capabilities are therefore not as tailored
to the needs of each industry as the industry mix gets wider.
Profits and revenues.—The profit function of firm j at time t across all

industries k is then

pjt 5 o
k

pjkt 5 o
k

pjktqjkt 2o
k
o
i
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SitMijkt
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Dktq
r
jkt 2 q cjt

� �
cjktqjkt

� �
:

A firm’s profit-maximizing capability and production choices, consider-
ing product markets jointly, are summarized in the following proposition.
Proposition 6. Assume that lNit > 1 2 j. For firm-input expendi-

ture shares vijt, the optimal capability choice is

lncijt 5 2Θitvijt ,

where Θit ; 1 1 lNit=ðj 2 1Þ is the elasticity of input price with respect
to capability. Firm-industry revenues are given by

lnRjkt 5 ln rr= 12rð ÞD1= 12rð Þ
kt
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,

comparative advantage jktð Þ

(7)
29 This can be modeled as a decrease in iceberg transport costs or a first-order stochastic
shift downward in the cost distribution, since constant markups and limit pricing will pass
this through into lower prices.

(7)
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with the dimension of variation listed below each term (RCA5 revealed
comparative advantage).
Since ln cijt 5 2Θitvijt , it follows that firms sourcing from industry i in-

crease their range of inputs under love for variety and decrease them
under hate for variety. Since competency is costly, firms do not invest in
capabilities for inputs they do not source, that is, when vijt 5 0. The
addition to equation (7) of comparative advantage is beyond standard
models and yields input-based comparative advantage, highlighted by the
resource-based theory of the firm, through capability adjustment anddiffer-
ent effective pools of suppliers for each firm.30 The demand and supplier
terms can be estimated with industry-time fixed effects, which capture pro-
duction shifts from the changing demand and supply environment. The
RCA terms capture idiosyncratic advantages a firm has across industries
that are static and can be estimated with industry-firm fixed effects, cap-
tured here with the interpretation of industry-specific combinations of
idiosyncratic input productivities.
The remaining comparative-advantage term captures the dynamic re-

deployment of input capability and is sensitive to the depth of input mar-
kets (through Nit in Θit). To interpret this term, we split it into two parts
to highlight the difference between single-product and multiproduct
firms. The special case of the “average” single-product firm is useful with
vijt 5 �vik , in which case the input-distance term vanishes (the firm is exactly
in its “core” and tailors its inputs fully) and only a supplier-technology ef-
fect of the benefits from supplier depth by input intensity remains. To the
extent that amultiproduct firmdeviates from its core competency, this will
be reflected in input shares vijt deviating from each �vik and penalizing in-
dustries far from the firm’s core. In the case of identical supplier depth
across markets—that is, Θit 5 Θ—the penalty takes the intuitive form of
a coefficient times Euclidean distance squared, oiðvijt 2 �vikÞ2.
A final result stemming from profit-maximizing behavior is how firms

approximately update their core distance from changes in industry-level
demand {Dkt}, holding capabilities constant. We use this theory-driven re-
lationship in the instrumentation strategy below to correct for potential
biases from unobserved firm-industry-level shocks.
Proposition 7. Input distance can be approximated by considering

each firm as holding capabilities constant and optimally updating to re-
spond to industry demand shocks through the relationship

o
i

vijt 2 �vik
� �2

≈ o
i

vijt21 2 �vik
� �2

2 gkto
i

xjkt21 vijt21 2 �vik
� �2

,

30 Following proposition 6, the effective mass of suppliers a firm chooses is Nit �
ðsm=cjitÞlNit 5 Nit slNit

m elNit ½11lNit=ðj21Þ�vijt . Since the vector of expenditure shares vjt is a function
of contemporaneous demand and supply conditions and comparative advantage,
vjtðDk ,Nt , JjÞ, there is firm heterogeneity in effective suppliers and ranks of supplier pur-
chases from capability choice stemming from the joint production and sourcing decision.
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where xjkt are revenue shares of industry k for firm j in year t and gkt is a
common industry demand innovation equal to 2ðDkt=Dkt21 2 1Þ=ð1 2 rÞ.
H. Estimating Policy Effects
Now consider an observable policy P that changes the depth of input
markets of the form Ωit 5 lNt 5 Ωi0 1 aPPit . Linearizing equation (7)
around the initial policy state Ωi0 and letting kx represent a fixed effect
for characteristic x yields the following estimating equation:

lnRjkt 5 kkt 1 kjk 1
r

12 roi Θ2
i0 1

2Θi0

j 2 1
aP Pit 2 Pi0ð Þ

	 

vijt�vik 2

v2ijt

2

� �
|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}:

comparative advantage jktð Þ

(8)

The theory implies that Θit has the same sign as j 2 1, so estimating aP �
Θi0=ðj 2 1Þ allows for testing hypotheses about the sign of aP.
Two policy changes over this period that can be expected to increase

the depth of the supplier market are dereservation and tariff changes,
which change the number of potential suppliers available. We model
these two policy changes as a discrete effect of entry barriers (reservation)
aB within the 3-digit level (with Bijt equal to 1 if a 5-digit product the firm
ever uses is reserved in industry i and 0 otherwise) and a linear effect at of
tariffs on entry for three digit tariffs tijt (these are aggregated at the firm
level from observed average firm-level imports at the 5-digit level).
For ease of estimation, we impose that all supplier markets have the

same depth Ωi0 5 �Ω, so that

Ωit 5 �Ω 1 aBBijt 1 attijt :

In light of the theory above, we can interpret these policy shifts as chang-
ing the depth of input markets with theory signing both aB and at to be
negative, so that with no entry barriers and zero tariffs, Ωi0 5 �Ω is the
“maximal”market depth. Therefore, equation (8) approximates around
a policy space of no entry barriers and no tariffs. This then implies the
estimating equation

lnRjkt 5 kkt 1 kjk 1 k0o
i

vijt�vik 2
v2ijt

2

� �

1 k1o
i

aBBijt 1 attijt
� �

vijt�vik 2
v2ijt

2

� �
:

(9)

with k0 5 Θ2
i0r=ð1 2 rÞ and k1 5 2Θi0r=ð1 2 rÞðj 2 1Þ. This estimating

equation says that (log) firm revenues depend on industry-time demand
and supply effects kkt, firm-industry effects kjk, a distance effect of industry
k from the firm’s core competency k0, and policy effects that exacerbate

(9)
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distance for each input i through k1aBBijt and k1attijt. Since deeper supply
increases the returns to capabilities and entry barriers and tariffs de-
crease supplier entry (proposition 5), k1aB and k1at should be negative.
The tariff equivalent of dereservation can then be computed from

aBk1=atk1 5 aB=at. Because of the selection issues involved in log specifi-
cations of sales, we estimate the extensive margin of production implied
by equation (9) which accounts for zeros in firm-industry sales. Firms will
produce in industry k exactly when Rjkt > ð1 2 rÞfkt , so we estimate equa-
tion (9) as a linear probability model for the outcome that observed rev-
enues of the firm-industry are positive each period.31 As we are estimating
probabilities, we can think of how comparative advantage shifts the pro-
duction probability frontier of firms.
I. Structural Instrumentation
In equation (9), firm expenditure shares vijt are a function of time-
varying input prices wit, demand shocks Dkt, firm-industry productivities
Jjk, andfixed technology�vik . Input price anddemand shocks are estimated
through industry-time fixed effects. Productivities are estimated through
firm-industry fixed effects, expressed as RCA. Technology is estimated
with a large number of observations, so the risk of measurement error
contaminating �vik is small, and similarly for demand and input shocks.32

There might be omitted variables from our structural equation that
cause vijt to change, which could bias our estimates of the role of capabil-
ities. For example, demand or cost shocks at levels more disaggregated
than the firm-industry would change input expenditures and revenues
of a firm for reasons other than changes in input capabilities. It can be
shown in these two cases, for instance, that bias will exist but run in oppo-
site directions:

• contemporaneous demand shocks Djkt at the firm level would be
positively correlated with input similarity through the composition
of firm activity; and
31 This can be naturally extended to an extensive-margin formulation with a logit-type
model; see app. D2. We implement this for the structural form as a robustness check
but have difficulties with IV-logit as a result of the high-dimensional parameter space and
well-known sensitivity of that estimator.

32 One potential concern is that dereservation systematically changes technology �vik
(such as through price sensitivity of input shares for single-product firms), in which case
we could have instrumented for the change in input similarity with the interaction between
reservation and initial input similarity, under the assumption that better input supply af-
fects revenues only through the channel of input expenditure shares. Regression coeffi-
cients of the percentage of reserved inputs within a 3-digit category on �vik , however, have
a mean of 20.010 with a standard deviation of 0.017, which is to say about zero in signif-
icance and magnitude. Since, in addition, the value percentage of reserved inputs is gen-
erally much less than 100%, the implied changes are negligible. See the online appendix
for the histogram of estimated coefficients.
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• contemporaneous supply shocks wijkt at the firm level would be neg-
atively correlated with input similarity through the composition of
firm activity away from industries intensive in using input i (high
�vik).

A key econometric insight of proposition 7 is that omitted demand and
supply shocks interact with a firm’s industry mix, which alters their input
use and hence input similarity across industries, potentially introducing
bias in estimating economies of scope or policy impacts. The theory mo-
tivates a novel IV strategy that uses common industry-time demand shocks
to approximate how endogenous firm revenue shares would change input
use. The instrumentation strategy is based on the assumption of common
industry-level demand innovations Dkt=Dkt21 across firms, which can be esti-
mated precisely from the large number of observations and projected onto
firm behavior through theory. Recovering these common demand shocks
allows us to predict changes in vijt on the basis of shifts in the within-firm
distribution of activity.33 In fact, examining the estimating equation (8),
what is needed is not instruments for each vijt but rather an instrument
for terms of the form oiðvijt�vik 2 v2ijt=2Þ and oiðPit 2 Pi0Þðvijt�vik 2 v2ijt=2Þ. The
key insight here is that we need to instrument for comparative advantage
and comparative advantage interacted with exogenous policy changes.
Proposition 7 motivates the following instrumentation strategy. The

current level of input similarity can be predicted from the levels of the
past period, plus a linear approximation of the change in acquired com-
parative advantage one would expect from common industry demand
shocks. Intuitively, this is akin to predicting current input expenditure
levels from the previous year (and the RCA they contain) and then pro-
jecting them forward one period with a Bartik-type instrument based on
input expenditures from the input-output table.34 In the case of a single
33 In doing so, we hold the role of capabilities constant in the instrumentation stage to
avoid nonlinearity, as the full expression for input similarity is recursive. Even assuming
common input markets for all inputs (lNit 5 Ω), the expression becomes

o
i

�vihvijt 5
oi

vihok
�vikD

1= 12rð Þ
kt skt c

2 11Ω= j21ð Þ½ �2oi
�vihvijt

0 =Jjk

� �2r= 12rð Þ

ok
D1= 12rð Þ

kt skt c
2 11Ω= j21ð Þ½ �2oi

�vihvijt

0 =Jjk

� �2r= 12rð Þ

with skt ;
Q

iðwitfΩ=½Ω 1 ðj 2 1Þ�g1=ð12jÞsΩ=ð12jÞ
m =�vikÞ�vik .

34 While this instrumentation strategy works for contemporaneous shocks, if the omitted
shocks are serially correlated, they would appear in the previous-period terms that are the
basis for the IV strategy, and the exclusion restriction would fail. There are two potential
approaches to this problem: either (1) explicitly modeling the serial process, such as
shocks being AR(1), or (2) using even further lags in the first stage so that the serial cor-
relation is lower. The former approach is popular but in our case would introduce a
nonlinear-in-parameters estimator that presents computational issues. The latter suffers
from a large loss in observations, which would select toward larger firms because of the na-
ture of the data sample.
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instrument for terms of the form ðvijt�vik 2 v2ijt=2Þ, the first stage of an IV
strategy following from proposition 7 is then

o
i

vijt�vik 2
v2ijt

2

� �
5 kkt 1 kjk 1 lo

i

vijt21
�vik 2

v2ijt21

2

� �

2 gkto
i

xjkt21 vijt21
�vik 2

v2ijt21

2

� �
: (10)

Equation (10) is composed of three parts: the fixed effects found in the
main structural equation for revenues, a lagged term for the endogenous
sum oiðvijt�vik 2 v2ijt=2Þ, and a linear adjustment based on predicted input
share changes from lagged revenue shares xjkt21 and contemporaneous
industry-level demand shocks gkt. This last term is essentially a (lagged)
sales-weighted “technological distance” measure of the firm away from
an industry k times the magnitude of the demand innovation that pre-
dicts the change in oiðvijt�vik 2 v2ijt=2Þ between periods.
However, as we need to instrument for both changes in input shares

and these input shares interacted with two policy changes, we need three
instruments of the type in equation (10), one for the shares and two for
their two policy interactions. For this 2SLS (two-stage least squares) esti-
mator, we also need a system that includes all instruments in each first-
stage prediction equation. Accordingly, define both ~vijkt ; ðvijt�vik 2 v2ijt=2Þ
and ~xijkt ; xjktðvijt�vik 2 v2ijt=2Þ and the following sums for parameters l

and the K � T vector g:

I M
jkt11 ; lo

i

~vijkt 2 go
i

~xijkt ,

I B
jkt11 ; lo

i

Bijt
~vijkt 2 go

i

Bijt~xijkt ,

I t
jkt11 ; lo

i

tijt~vijkt 2 go
i

tijt~xijkt :

The resulting first-stage equations for our estimator are as follows:35

o
i

~vijkt 5 kkt 1 kjk 1 I M
jkt l11, g11
� �

1 I B
jkt l12, g12
� �

1 I t
jkt l13, g13
� �

1 hjkt , (11)
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Bijt
~vijkt 5 kkt 1 kjk 1 I M

jkt l21, g21
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1 I B
jkt l

22, g22ð Þ1 I t
jkt l
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tijt~vijkt 5 kkt 1 kjk 1 I M
jkt l31, g31
� �

1 I B
jkt l

32, g32ð Þ1 I t
jkt l

33, g33ð Þ1 ht
jkt : (13)

35

(10)
In practice, sales within a firm-industry group are unlikely to be a balanced panel, as
the extensive margin of a firm’s industries is liable to change (we in fact model and esti-
mate this with a logit model). Consequently, our one-period-lag strategy may lose some ob-
servations, but it reduces the number of parameters that must be estimated simultaneously.
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We implement the IV estimator of the structural coefficients in equa-
tion (9) as amanual 2SLS estimator, which allows us to calculate the fitted
values of the first stage without having to recover the high number of de-
mand innovation coefficients gkt of the instruments in equations (11)–
(13), and accordingly we do not report them. We correct for the well-
known misspecification of the residual variance estimator in manual
2SLS (see chap. 4.2.1 of Angrist and Pischke 2008) and cluster standard
errors at the firm-industry level, as proposed by Cameron and Miller
(2015). The resulting estimator is equivalent to those obtained through
one-stage IV estimation with clustered standard errors.
V. Results and the Economic Relevance
of Input Capabilities
This section first presents our structural estimates of the industry portfo-
lio of firms. The estimates predict which industries firms operate in fol-
lowing policy changes, showing how acquired comparative advantage
generates core competencies. We then turn to examples and counter-
factuals that demonstrate the role of input capabilities in predicting firm
industry scope. A quantification of input-based comparative advantage
follows, relative to aggregate industrymovements and coproduction rates,
before the section ends with an extension of the structural estimates to pri-
mary factors.
A. Structural Estimates
Table 9 shows the OLS and IV estimates for the extensive-margin version
of equation (9). The estimated coefficient on the deviation of the input
similarity measure is k0 5 0:0086 in the OLS, which rises to 0.1630 in
the IV.36 The policy coefficient of interest for the entry barriers is k1aB 5
20:0004 in the OLS, which increases in magnitude to 20.0016 in the
IV. Comparing this with the coefficient on tariffs interacted with the input
similarity deviation, k1at 5 20:0168, the effect of entry barriers is a tenth
as large. Both entry barriers and higher tariffs reduce the role of input dis-
tance, since fewer suppliers disincentivize investing in input capabilities.
The tariff equivalent of dereservation is then aB=at 5 0:0016=0:0168 5
0:095. Entry barriers from reservation of inputs for small-scale firms there-
fore lower industry adoption, and their estimated effect is equivalent to a
9.5% tariff on inputs.
36 For the IV sample, the OLS coefficients for the right-hand-side variables are similar:
0.0092 (0.0002),20.0004 (0.0002), and20.0001 (0.0004) for k0, k1aB, and k1at, respectively.
Relevant summary statistics are in table A3.
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B. Input-Based Comparative-Advantage Estimates
The structural estimates can be used to quantify the importance of input
capabilities in shaping firm-level comparative advantage. Input-based
comparative advantage (CA) can be summarized by the premium arising
from input linkages in the production probability frontier. By expanding
lnRjkt , taking out industry-time, industry-firm, and firm-time fixed effects,
we have

CAjkt ; k̂0o
i

�vikvijt 1 k̂1o
i

âBBijt 1 âttijt
� �

�vikvijt , (14)

where parameters with a hat denote our IV estimates of the parameters.
Note that because of fixed effects, these estimates are within firm-industry,
so they are inferred from shifts in comparative advantage, and they are
also within industry-time, so they measure shifts relative to other firms
in an industry. Therefore, this measure captures movements in compara-
tive advantage.
Table 10 shows summary statistics of CA for firms across industries they

produce in by sales rank. CA increases a firm’s production probability by
4.3 pp on average, relative to that predicted by industry-wide demand and
supply factors (captured in the industry-time fixed effects). For the top-
tenth percentile, this increase is more than 13 pp. On average, CA is higher
for single-industry firms because they can choose their input capabilities in
a way that is tailored to their industry. In line with the model, CA decreases
as firms are active in more industries, since firms have to spread their input
capabilities across a larger range of inputs and factor intensities.
TABLE 9
Structural Estimates for Multi-industry Sales Premium

Positive Sales for Plant j in Industry k (Rjkt > 0)

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

Input distance oiðvijt�vik 2 v2ijt=2Þ .0085** .0086** .1362** .1630**
(.0002) (.0002) (.0229) (.0226)

Input distance oiBijt � ðvijt�vik 2 v2ijt=2Þ,
entry barriers 2.0004** 2.0004** 2.0016** 2.0016**

(.0001) (.0001) (.0004) (.0004)
Input distance oitijt � ðvijt�vik 2 v2ijt=2Þ,
tariffs 2.0005 2.0168**

(.0003) (.0027)
kjk Yes Yes Yes Yes
kkt Yes Yes Yes Yes
Estimator OLS OLS IV IV
Observations 77,745,382 77,745,382 46,185,150 46,185,150
R 2 .762 .762 .760 .760
Note.—Standard errors are in parentheses, clustered at the firm-industry level.
** p < .01.
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We now study CA for industries that firms do not produce in, which is
the additional probability that a firm would produce in a new industry by
virtue of their input capabilities, holding fixed their capability choice.
Since the space of inputs is large andmany industries will not have inputs
in common with the firm, CA is often close to zero for any given firm and
industry. But for more input-similar firm-industry combinations, as sug-
gested by figure 1, CA is economically significant. Table 11 contrasts the
average CA for single-product firms in three industries they might enter.
Single-industry firms in the edible fruits andnuts/edible vegetables indus-
try (code 121), on average, enjoy a CA in the fruit and vegetable juices in-
dustry (135) of 8.5 pp, whereas the single-industry firms in the (perhaps
technologically more similar) industry of soft drinks and mineral water
(152) would, on average, get only a 0.6 pp premium. In this example,
the edible fruits and nuts/edible vegetables industry is upstream to the
fruit and vegetables juices industry andmay therefore share intermediate
inputs. Many industry pairs where CA is economically relevant, however,
TABLE 10
CA by Industry Sales Rank

Industry Rank Observations Mean 10th Percentile 90th Percentile

1 307,294 .054 .004 .153
2 98,413 .026 .001 .071
3 34,416 .017 .000 .040
4 11,693 .013 .000 .032
5 4,850 .011 .000 .028
6 2,015 .010 .000 .028
7 817 .009 .000 .024
8 278 .009 .000 .024
9 95 .008 .001 .018
101 38 .005 .000 .010

Total 459,909 .043 .002 .132
TABLE 11
CA for the Second Industry

Industry (3-Digit ASI Code) CA (pp)

Fruit and vegetable juices (135):
Edible fruits and nuts, edible vegetables (121) 8.5
Soft drinks and mineral water (152) .6

Animal oils and fats (115):
Other produce of animal origin (119) 5.3
Vegetable oils and fats (125) 1.1

Leather bags, purses, etc. (441):
Leather footwear (443) 6.8
Plastic footwear (423) .4
Note.—Average firm-level comparative advantage among single-
industry plants of two contrasting industries for the italicized indus-
try. “Other produce of animal origin” covers mostly bone, horn, and
meals thereof.
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are not vertically related. Consider the leather bags and purses industry
(441), which is not vertically related to either leather footwear (443) or
plastic footwear (423). Given the leather footwear industry’s shared input
use of leather with the leather bags and purses industry, its premium is
6.8 pp, whereas the plastic footwear industry’s premium is only 0.4 pp.
Table E1 states the average CA with the highest premium for 25 industries.
It shows that the examples below are not outliers: in many industries, input
capabilities shape firm-level comparative advantage to an extent that is eco-
nomically relevant to firms.
Table 12 further highlights the core-competencies feature of input-

based comparative advantage. The columns contain the number of in-
dustries firms operate in, and the rows contain the firm sales ranking
of each industry. For firms that produce in a single industry (top left), tai-
loring input capabilities to the needs of the industry increases produc-
tion probabilities by 5.2 pp. Firms that produce in two industries experi-
ence a 6 pp premiumon their core industry and about half of that, 2.9 pp,
on their secondary industry. As firms diversify into more industries, the
returns to capabilities for an individual industry decline. This occurs
along the rows and the columns, showing that the estimated industry adop-
tion falls for firms that offer a wider industry mix and also for core indus-
tries, because the acquired capabilities are less tailored to the needs of a
single industry.
Table 12 shows that more diversified multiproduct firms experience

lower returns from input-based comparative advantage in percentage
terms. This, of course, conceals the large economicmagnitudes of premia
associated with input-based comparative advantage in more diversified
firms, which are much bigger than other firms. To highlight this selection
effect, entries in table 13 contain the size-weighted CA of firms. We nor-
malize sales weights by the average sales of a single-product firm in that in-
dustry, so that the interpretation is premia weighted by the equivalent
TABLE 12
Core-Competency Sales Premium (in pp) from CA

Industry Rank

Number of Industries with Positive Sales

1 2 3 4 5 6 7 8 9 101

1 .052 .060 .061 .033 .026 .021 .020 .019 .014 .020
2 .029 .023 .018 .017 .016 .014 .015 .010 .022
3 .019 .015 .013 .013 .011 .011 .014 .015
4 .013 .013 .012 .011 .009 .010 .016
5 .011 .011 .011 .009 .011 .009
6 .010 .010 .010 .010 .006
7 .010 .009 .009 .007
8 .009 .008 .008
9 .008 .009
101 .005
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number of typical single-product firms. The single-industry premium
from acquiring capabilities is hardly changed at 5.5 pp, compared to that
of the typical single-industry firm. Firms in multiple industries now show
large premia even when we move along the rows of core industries for
firms that operate in more and more industries. For example, a firm op-
erating in nine industries has a 46.8 pp higher (size-weighted) premium
in its core industry, compared to a 7.2 pp core premium for a two-industry
firm. Moving down the columns, firms see larger premia on their core
products, compared to their peripheral products. The lowest-ranked in-
dustries of a firm show small premia of under 1 pp. Examination of the
analogous tables for the model extended to factors of production in ap-
pendix F shows broadly the same patterns at roughly half the size.
Tables 12 and 13 therefore confirm the core-competencies feature of

input-based comparative advantage. Together they show that multiprod-
uct firms experience growth as a result of economies of scope in inputs
but that these decline as firms diversify into more and more industries.
C. Economic Significance
To examine the economic importance of input-based comparative ad-
vantage, we compare the distribution of industry-level variation in copro-
duction, which is captured in the fixed effects, with the model-implied
comparative-advantage terms. A large literature in international eco-
nomics seeks to quantify the importance of alternative drivers of produc-
tivity and welfare, such as by decomposing the margins for welfare gains
from trade. Taking a similar approach, this subsection decomposes the
margins of coproduction within firms. It relates them to potential under-
lying drivers, such as industry-level demand and supply shocks, which are
TABLE 13
Core-Competency Sales Premium (in pp) from

CA—Size Weighted

Industry Rank

Number of Industries with Positive Sales (CA Weighted by Size)

1 2 3 4 5 6 7 8 9 101

1 .055 .072 .130 .157 .143 .179 .178 .284 .468 1.727
2 .005 .012 .039 .158 .301 .266 .332 .018 3.499
3 .002 .005 .007 .048 .019 .041 .245 1.375
4 .001 .007 .057 .017 .024 .019 .185
5 .004 .009 .014 .008 .019 .047
6 .004 .007 .008 .006 .011
7 .002 .006 .005 .019
8 .002 .001 .006
9 .005 .004
101 .002
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being explicitly modeled in the theory and are being picked up in the
form of fixed effects in the empirical analysis of sections III and V.
Figure 2A compares the distribution of CA, in lighter yellow, to the dis-

tribution of (unconditional) coproduction rates within industry-pair cells,
in darker blue. Comparative advantage is estimated as in equation (14),
while the unconditional coproduction rates capture, for example, de-
mand complementarities such as left shoes being coproduced with right
shoes. The distributions overlap substantially, showing that input-based
FIG. 2.—Comparing CA with other drivers of entry. FE 5 fixed effects.
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comparative advantage shifts entry probabilities to an extent that is sim-
ilar to time-invariant coproduction rates within industry pairs. In other
words, CA is as important in driving entry as summary statistics of ob-
served coproduction rates across industries. Further, input-based com-
parative advantage explains much of the variation in entry probabilities
across industry pairs, implying a limited role that confounders could play
in altering the contribution of CA toward entry into an industry.
Figure 2B compares the distribution of CA, in yellow, to the distribu-

tion of entry probabilities within industry-year cells (i.e., what an industry-
year fixed effect would pick up), in blue. Although smaller, the overlap con-
tinues to be substantive. The quantitative importance of the model-implied
CA in driving production choices is therefore between the importance of
industry pair–level drivers and that of industry-year shocks.
D. Extension to Primary Factors
The model and structural estimation can be readily extended to primary
factors, such as capital and labor. This extension is motivated by product-
level findings of Schott (2004), who shows that countries’ within-product
specialization reflects factor-based comparative advantage. It is also related
to Crozet and Trionfetti (2013), which examines factor intensity and firm
exports, and to Fontagné, Secchi, and Tomasi (2018), which examines the
typical product vectors of firm exports.
Adding primary factors f in an analogous way to intermediate inputs

(details in app. D4), the revenue equation then contains a factor similar-
ity term as follows:

lnRjkt 5 kkt 1 kjk 1o
i

kI0 1 kI1 aBBijt 1 attijt
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vijt�vik 2
v2ijt
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� �
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2

� �
, (15)

with kI0 5 Θ2
i0r=ð1 2 rÞ, kI1 5 2Θi0r=ð1 2 rÞðj 2 1Þ, and kF1 5 2Θf 0r=ð1 2

rÞðj 2 1Þ. The IV estimator is analogous to the one above, with an addi-
tional instrument for firm-level factor shares to correct for biases from
firm-factor shocks, detailed in appendix D4.
Taking the extended model to data, table 14 shows structural esti-

mates accounting for primary factors capital K and labor L. It finds sim-
ilar results, with a slightly smaller coefficient on the input similarity term
and minor reductions in the magnitudes of the interaction terms. The
results suggest that firms are also more likely to move into industries that
have a similar primary factor mix, and they provide some evidence for
theories of the firm suggesting coproduction in high-capital-intensity

(15)
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industries. Tables B4 and B5 provide reduced-form results with primary
factors.
VI. Conclusion
Even though multiproduct firms account for a disproportionately large
share of economic activity, systematic theory and evidence examining
product diversification are thin. In this paper, we examine the role of
common use of input capabilities as a determinant of the evolution of
firms’ product space. This formalizes the resource-based view of the firm
in ways that enable an assessment of its economic significance. We bring
this theory to Indian manufacturing data to study the relevance of input
capabilities both in reduced form and through structural estimation. We
use the removal of size-based entry barriers in input markets to establish
a causal channel from input capabilities to the firm’s industry mix. Esti-
mating the structural parameters that govern the elasticity of revenue
with respect to the capabilities component of cost, we find that input ca-
pabilities determine the content of a firm’s “core competencies” and
that they are quantitatively as important as time-invariant coproduction
rates across industries.
A key theoretical insight of our framework is that economies of scope

within multiproduct firms imply that production choices and input capa-
bilities are jointly determined. Production choices are interdependent on
the relative demand and supply conditions a firm faces, and the portfolio
of industries a firm enters depends on the extent of its input similarity to
TABLE 14
Structural Estimates for Multi-industry Sales Premium, with Primary Factors

Positive Sales Dummy (Rjkt > 0)

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

Input distance oi∉fK ,Lgðvijt�vik 2 v2ijt=2Þ .0068** .0068** .1277** .1112**
(.0002) (.0002) (.0127) (.0110)

Factor distance of ∈fK ,Lgðvfjt�vfk 2 v2fjt=2Þ .0084** .0084** .1094** .0600**
(.0003) (.0003) (.0122) (.0080)

Input distance oiBijt � ðvijt�vik 2 v2ijt=2Þ,
entry barriers 2.0000 2.0000 2.0040** 2.0036**

(.0002) (.0002) (.0006) (.0006)
Input distance oitijt � ðvijt�vik 2 v2ijt=2Þ,
tariffs .0008 2.0210**

(.0005) (.0027)
kjk Yes Yes Yes Yes
kkt Yes Yes Yes Yes
Estimator OLS OLS IV IV
Observations 77,745,382 77,745,382 46,185,150 46,185,150
R 2 .7622 .7622 .7598 .7598
Note.—Standard errors are in parentheses, clustered at the firm-industry level.
** p < .01.
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that industry. The theory motivates an IV strategy that shows that input ca-
pabilities are quantitatively important in determining the production pat-
terns of firms.
Broadly speaking, the fact that the mechanisms of this paper are quan-

titatively important underscores that multiproduct firms do not behave
like collections of single-product firms. Therefore, in aggregate, indus-
tries may respond to policy in ways that will not be captured by single-
product firm models. Coupled with the obvious role of input-output
linkages central to economies of scope shown here, this calls for addi-
tional research on these linkages both between firms and at the macro-
economic level to look for policy effects within firms that so far may have
been missed.
Appendix A

Descriptive Statistics

TABLE A1
Summary Statistics (N 5 52,637,029)

Mean SD Minimum Maximum

Industry Add Dummy .0011 .0324 .00 1
InputSimilarity0jk .0110 .0529 .00 1
InputSimilarity-Dereservation0

jkt .0005 .0088 .00 1
InputSimilarity-Tariff0jkt 2.0001 .0023 2.33 0
OutputSimilarity0jk .0038 .0515 .00 1
OutputSimilarity-Dereservation0

jkt .0005 .0192 .00 1
Upstream0

jk .0035 .0335 .00 1
Downstream0

jk .0058 .0402 .00 1
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TABLE A3
Structural Summary Statistics

Count Mean SD Minimum Maximum

Indicator R jkt > 0 (OLS) 77,745,382 .0059 .08 .00 1
oið�vikvijt 2 v2ijt=2Þ 77,745,382 2.3585 .15 2.50 1
oiBit � ð�vikvijt 2 v2ijt=2Þ 77,745,382 2.0142 .07 2.50 0
oitit � ð�vikvijt 2 v2ijt=2Þ 77,745,382 2.0067 .02 21.05 0
Indicator R jkt > 0 (IV) 46,185,150 .0060 .08 .00 1
oið�vikvijt 2 v2ijt=2Þ 46,185,150 2.3477 .15 2.50 1
oiBit � ð�vikvijt 2 v2ijt=2Þ 46,185,150 2.0128 .06 2.50 0
oitit � ð�vikvijt 2 v2ijt=2Þ 46,185,150 2.0076 .03 2.83 0
oið�vikvijt21 2 v2ijt21=2Þ 46,185,150 2.3374 .17 21.46 1
oiBit � ð�vikvijt21 2 v2ijt21=2Þ 46,185,150 2.0130 .07 21.00 0
oitit � ð�vikvijt21 2 v2ijt21=2Þ 46,185,150 2.0061 .02 2.91 0
oixjkt21ð�vik 2 vijt21Þ2 46,185,150 .0000 .00 .00 1
oiBit � xjkt21ð�vik 2 vijt21Þ2 46,185,150 .0011 .02 .00 3
oitit � xjkt21ð�vik 2 vijt21Þ2 46,185,150 .0001 .01 .00 1
Appendix B

Robustness of Estimates and Further Results

B1. Robustness of Industry Add, Drop, and Sales Regressions

Table B1 shows the results of the most stringent specification of the industry ad-
dition regressions on particular subsamples. Column 1 shows the benchmark re-
sults on the full sample. Column 2 shows results for single-plant firms. Given that
the vast majority of plants are single-plant firms, the results are virtually un-
changed. Column 3 shows results for the plants that get surveyed every year
(what the ASI calls the “census”: all plants that have more than 100 employees).
Finally, in column 4, we exclude all industries k that never have any coproduction
with the main industry (defined as the one where j has the highest amount of
sales). This removes about 90% of observations from the sample (which always
have zeros on the left-hand side). Table B2 shows how the probability to drop
an industry from the industry mix is shaped by input similarity. Table B3 shows
how log sales are correlated with input similarity with a wide range of input-output
linkage controls.

TABLE B1
Revealed Comparative Advantage: Robustness

Dependent Variable: Addjkt

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

InputSimilarity0jk .0199** .0196** .0251** .0360**
(.0006) (.0006) (.0009) (.0011)

InputSimilarity-Dereservation0
jkt .0155** .0146** .0110** .0214**

(.0023) (.0027) (.0028) (.0042)
OutputSimilarity0jk .100** .0970** .119** .0858**

(.0018) (.0020) (.0025) (.0019)
OutputSimilarity-Dereservation0

jkt .0171** .0178** .0179** .0147**
(.0022) (.0025) (.0030) (.0021)



TABLE B1 (Continued)

Dependent Variable: Addjkt

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

Upstream0
jk .0291** .0219** .0358** .0186**

(.0030) (.0032) (.0041) (.0035)
Downstream0

jk 2.0035* 2.0044** 2.00384* 2.0148**
(.0014) (.0016) (.0020) (.0029)

Sample Full Single-
plant firms

Census
plants

Coproduction
industries

Firm � year fixed effects ajt Yes Yes Yes Yes
k � k0 � t fixed effects akk0t Yes Yes Yes Yes
R 2 .0646 .0660 .0848 .0965
Observations 52,666,907 43,120,945 27,076,486 5,165,511
Note.—Standard errors are in parentheses, clustered at the firm-industry level.
* p < .05.
** p < .01.

TABLE B2
Industry Drop Regressions

Dependent Variable: Dropjkt

(1) (2) (3)

InputSimilarity0jk .01281 2.1952** 2.1391**
(.0078) (.0126) (.0139)

InputSimilarityKL0
jk 2.7804** 2.9606** 2.6631**

(.0996) (.1518) (.1834)
InputSimilarity-Dereservation0

jkt 2.4002** 2.13261 2.14421

(.0658) (.0703) (.0872)
OutputSimilarity0jk 2.2492** 2.2629** 2.2127**

(.0040) (.0049) (.0074)
OutputSimilarity-Dereservation0

jkt 2.1312** 2.1012** 2.0721**
(.0095) (.0110) (.0137)

Firm � year fixed effects ajt Yes Yes Yes
Industry � year fixed effects akt Yes
k � k0 � t fixed effects akk0t Yes
R 2 .536 .572 .656
Observations 159,001 158,920 134,861
Note.—Standard errors are in parentheses, clustered at the firm-industry level.
1 p < .10.
** p < .01.
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TABLE B3
Intensive Margin of Sales

Dependent Variable: log Salesjkt

(1) (2) (3)

InputSimilarity0jk .5261** 1.0434** .5077**
(.0359) (.0522) (.0505)

InputSimilarityKL0
jk 1.8510** 4.8912** 4.9163**

(.5145) (.7342) (.7247)
InputSimilarity-Dereservation0

jkt 1.2502** .6725** .8664**
(.2563) (.2516) (.2438)

OutputSimilarity0jk 4.1096** 3.4748** 1.5068**
(.0186) (.0222) (.0244)

OutputSimilarity-Dereservation0
jkt 2.3806** 2.5480** 2.2616**

(.0391) (.0445) (.0406)
Firm � year fixed effects ajt Yes Yes Yes
Industry � year fixed effects akt Yes
k � k0 � t fixed effects akk0t Yes
R 2 .802 .832 .911
Observations 251,026 250,963 220,613
Note.—Standard errors are in parentheses, clustered at the firm-industry level.
** p < .01.

B2. Robustness of Industry Add Regressions to the Inclusion of Factors

Tables B4 and B5 include analogous measures of factor similarity (capital and
labor) in the reduced form, showing similar results.

TABLE B4
Industry Entry Correlations, with Primary Factors

Dependent Variable: Addjkt

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

InputSimilarity0jk .0543** .0543** .0530** .0529** .0377** .0376**
(.0006) (.0006) (.0006) (.0006) (.0009) (.0009)

InputSimilarityKL0
jk .0032** .0077** .0045**

(.0002) (.0003) (.0003)
Firm � year FE ajt Yes Yes Yes Yes Yes Yes
Industry� year FE akt Yes Yes
k � k0 � t FE akk0t Yes Yes
R 2 .0088 .0088 .0109 .0110 .0572 .0572
Observations 46,387,505 46,387,505 46,387,505 46,387,505 46,360,567 46,360,567
Note.—Standard errors are in parentheses, clustered at the firm-industry level. FE 5
fixed effects.
** p < .01.
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TABLE B5
Industry Entry, with Primary Factors

Dependent Variable: Addjkt

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

InputSimilarity0jk .0525** .0511** .0365** .0357**
(.0006) (.0006) (.0009) (.0009)

InputSimilarityKL0
jk .00324** .00768** .0045** .0045**

(.0002) (.0003) (.0003) (.0003)
InputSimilarity-Dereservation0

jkt .0713** .0705** .0339** .0325**
(.0043) (.0042) (.0040) (.0040)

InputSimilarity-Tariff0jkt 2.0997**
(.0143)

Firm � year fixed effects ajt Yes Yes Yes Yes
Industry � year fixed effects akt Yes
k � k0 � t fixed effects akk0t Yes Yes
R 2 .0089 .0111 .0573 .0573
Observations 46,387,505 46,387,505 46,360,567 46,360,567
Note.—Standard errors are in parentheses, clustered at the firm-industry level.
** p < .01.

B3. Robustness of Industry Add Regressions to Logit

Table B6 shows the results of the logit estimation of the industry addition regres-
sions, corresponding to the baseline specifications of table 4.
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B4. Robustness of Unit Value Regressions

Table B7 shows results of a regression of log unit values of domestically sourced
intermediate inputs (by 5-digit input category i) on adummy that takes the value 1
when input i used to be reserved and has been dereserved in the current or a past
year. The regressions include either input i fixed effects or firm-input fixed effects
and therefore show the impact that the dereservation had on average prices paid
on i. The ASI unit value data are noisy, and we correct for known problems. One
particular problem is that from 2005 onward, the magnitudes of reported quan-
tities (and therefore unit values) jump inexplicably by a factor of 100 or 1,000
within firm-input observations. In columns 3 and 4 of table B7, we report results
for a sample of “safe” observations where we are pretty sure that this problem is
not present to begin with (more precisely, all observations that are within a factor
of 90 of the median of the pre-2005 distribution of unit values for that product
code).

TABLE B7
Domestic Input Unit Values after Dereservation: Robustness

Dependent Variable: log pjit

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

t ≥ year i was dereserved 2.0696** 2.0617** 2.0450** 2.0654**
(.012) (.013) (.012) (.014)

Sample All All Safe Safe
Year FE Yes Yes Yes Yes
Input product fixed effects Yes Yes
Firm � input product fixed effects Yes Yes
R 2 .864 .966 .882 .969
Observations 900,003 481,036 761,703 418,361
Note.—Standard errors are in parentheses, clustered at the firm-industry level.
** p < .01.

B5. Diversification Discount: Robustness

The dependent variable in the following tables is log average sales of the firm
in the industry it entered over a 3-year or a 5-year horizon, where the average
is taken across all years where we observe the firm. Table B8 includes fixed effects
for the firms’ industry� year, so we are comparing entries of firms from the same
industry into different industries. We find that entry into industries with more
similar input mixes is associated with higher sales performance. Table B9 also in-
cludes industry-year fixed effects and finds similar results. Finally, table B10 per-
forms a stringent exercise by comparing firms that are both in the same industry
and are entering the same industry. Estimates for unweighted input similarity are
closer to zero than in the tables before, but policy-weighted input similarity is still
of a similar magnitude and statistically significant. At least for dereservation-
induced entry, input similarity is positively associated with postentry performance.
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Appendix C

Data

C1. Data Sources

1. Manufacturing Plant Data

Our manufacturing plant data come from the “detailed unit-level data with fac-
tory identifier” of the Indian ASI for the years 2000–2001 to 2009–10. The data
can be obtained by writing to ASI Processing and Report (Deputy Director Gen-
eral, CSO (IS Wing) 1, Council House Street, Kolkata; email: asidata.cc-mospi@
gov.in).

2. Tariff Data

The Indian import tariff data come from UNCTAD-TRAINS (United Nations
Conference on Trade and Development–Trade Analysis and Information System,
accessed through WITS [World Integrated Trade Solution]; http://wits.world
bank.org/).

3. Dereservation Data

Notices of dereservation of products are from the website of the Development
Commissioner, Ministry of Micro, Small, and Medium Enterprises. (http://
www.dcmsme.gov.in/publications/reserveditems/resvex.htm). Wemanually con-
cord the product codes to 5-digit ASIC codes on the basis of the text description
of the dereserved items.

C2. Variable Definitions
• Add dummies Addjkt: equal 1 if and only if j does not produce any product
in 3-digit industry k at time t and does produce a product in k at time t 1 1.
We exclude outputs with zero or missing sales from the set of produced
products.

• Drop dummies Dropjkt: equal 1 if and only if j does produce a product in
3-digit industry k at time t and does not produce any product in k at time
t 1 1. We exclude outputs with zero or missing sales from the set of pro-
duced products.

• Salesjkt: j’s total sales of products in 3-digit industry k at time t, including
exports.

• Plant expenditure shares vijt: expenditure on intermediate inputs in 3-digit
category i by j at time t, divided by total expenditure on individually listed
intermediate inputs of j at time t. These listed intermediate inputs include
all agricultural, mining, and manufacturing products that are being con-
sumed in the production process (including imports) during the current
period and exclude energy and services inputs.

mailto:asidata.cc-mospi@gov.in
mailto:asidata.cc-mospi@gov.in
http://wits.worldbank.org/
http://wits.worldbank.org/
http://www.dcmsme.gov.in/publications/reserveditems/resvex.htm
http://www.dcmsme.gov.in/publications/reserveditems/resvex.htm
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• Aggregate expenditure shares �vik : sum of expenditures of single-industry
plants that produce only products in 3-digit industry k on intermediate in-
puts from 3-digit category i, divided by total expenditure of these plants on
individually listed intermediate inputs (including imports).

• Plant sales shares jkjt, xjkt: plant j ’s total gross sales revenue of products in 3-digit
category k divided by j ’s gross sales of individually listed physical outputs
(which excludes revenue from services, renting out capital, interest, etc.),
both at time t, including exports.

• Aggregate sales shares �jik , �xik : total gross sales in 3-digit category i of plants
that derive the highest fraction of their revenue from sales of products in 3-digit
category k, divided by total gross sales of individually listed physical outputs of
these plants, including exports.

• Dereservation dummies dijt and Bijt: equal 1 if and only if there is a 5-digit input
in the 3-digit basket i that has been dereserved during or before t and shows
up at some point in j’s basket of intermediate inputs. In section IV, the reser-
vation dummy Bijt equals 1 when there is 5-digit product in the 3-digit basket i
that the firm is using at some point and that is reserved at time t.

• Tariff change Δtijt: difference between year t Indian import tariff and year
2000 tariff on 5-digit products in 3-digit category i, weighted by j’s average
expenditure share on 5-digit imports in i. We concord tariffs from the 6-digit
Harmonized System (HS) codes reported by TRAINS to ASIC codes via the
ASIC 2009/10–NPCMS (National Product Classification for Manufacturing
Sector) concordance published by MOSPI, and the CPC (Central Product
Classification)–HS concordance published by UNStats (United Nations Sta-
tistics Division; the first five digits of NPCMS are CPC v2.0 codes). Tariffs are
effective applied tariffs where available andmost-favored-nation tariffs other-
wise. We focus on nonagricultural tariffs to avoid endogeneity concerns
with agricultural tariffs, which often vary as a result of policy responses to do-
mestic economic conditions that can affect firm sales directly. In section IV,
tijt is defined analogously as the level of that tariff.

• Input similarity: InputSimilaritytjk ; oN
i51vijt�vik , whereN is the number of 3-digit

industries.
• Output similarity: OutputSimilaritytjk ; oN

i51jijt�jik .
• Input similarity weighted by policy changes:

InputSimilarity-Dereservationt
jk ; o

N

i51

dijtvijt�vik ,

InputSimilarity-Tariff tjk ; o
N

i51

Δtijtvijt�vik :

• Output similarity weighted by a policy change:

OutputSimilarity-Dereservationt
jk ; o

N

i51

dijtjijt�jik ,

OutputSimilarity-Tariff tjk ; o
N

i51

Δtijtjijt�jik :
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• Upstream and downstream:

Upstreamt
jk 5 o

N

i51

jijt
�vki , Downstreamt

jk 5 o
N

i51

jjit
�vki :
C3. Sample Definition

Our sample consists of all plant-year observations between 2000–2001 and 2009–
10 that report being in operation and that report both physical intermediate in-
puts and outputs.
Appendix D

Theory

D1. Firm Input Choice

1. Proof of Proposition 1

Final-goods firms purchase from the lowest-price supplier. If b1 and b2 are the low-
est and second-lowest supplier-cost draws, then the price siit charged to firms will
be either the monopolistically competitive markup over b1 or the limit price b2,
implying siit 5 minfjb1=ðj 2 1Þ, b2g. Letting G denote the cdf (cumulative distri-
bution function) of supplier cost draws and suppressing i, j, and t subscripts, a
general positive moment of Sa

ijt is
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which gives the expression above for a 5 1 2 j. The Cobb-Douglas cost index
is straightforward. QED

2. Proof of Proposition 2

What we want is the index that converts supplier revenues to profits under limit
pricing. Intuitively, supplier revenues convert to profits at a rate of price minus
cost over price, which is 1/j under monopolistic pricing, and when the lowest-
cost supplier has marginal cost b1 and must undercut the second-lowest-cost pro-
ducer at marginal cost b2, this becomes ðb2 2 b1Þ=b2. The aggregate Lerner index
under monopolistic pricing for a firm with capability cjit , letting G denote the cdf
of supplier cost draws, is therefore
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The probability of limit pricing is therefore PrðLPÞ 5 f1 2 ½j=ðj21Þ�2lðNit21Þg
c2lNit

jit slNit
m , while the probability of not producing (with a Lerner index of zero) is

1 2 c2lNit

jit slNit
m . The aggregate Lerner index under limit pricing is
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Adding these indexes conditional on monopolistic limit pricing and not produc-
ing gives the expression above.

We define Λ ; lðN 2 1Þ 1 1 ≥ 1 2 l > 0 and suppress the i and t subscripts
for brevity. The percentage change in the expected Lerner index with entry is

d lnL
dN

5
2 1

j
j21
j

� �Λ21
l ln j

j21 1
1
Λ

j21
j

� �Λ
l ln j

j21 2
l
Λ2 1 2 j21

j

� �Λh i
1
j

j21
j

� �Λ21
1 1

Λ 1 2 j21
j

� �Λh i :

The first three terms correspond to how the expected Lerner index falls,
d lnL=dN < 0, as the probability ofmonopoly pricing decreases (which is thehigh-
est possible markup), and while the probability of limit pricing increases, the ex-
pected Bertrand markup decreases as well. The numerator of d lnL=dN can be
written

l
j

j 2 1
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Λ
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ln
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1 1 2

j

j 2 1

� �Λh i 1
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� �
:

The first term is weakly negative forΛ ≥ j 2 1, which holds forN ≥ 1 1 ðj 2 2Þ=
l; the second term is negative. The upper bound for L comes from evaluation at
N 5 1 1 ðj 2 2Þ=l. QED

3. Proof of Proposition 3

We define Λ ; lðN 2 1Þ 1 1 and suppress the i and t subscripts. For �R ;
ojokr�vkRjkðsm=cjÞlN=N , noting pjk 5 ð1 2 rÞRjk and holding capabilities fixed, we
have that
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Now considering the individual profit terms, holding capabilities fixed, these
may increase profits through increased downstream demand in response to lower
costs. Note that
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since lðN 2 1Þ 1 j 2 1 > 0 is assumed and implies that ½ðj 2 1Þ=j�lðN21Þ1j21 < 1,
which implies
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Returning to the sum of profits across firms and industries, we have
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We also have, from sm ≤ cj , that
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So we can conclude, using W ðN Þ � N ≤ 0 and the arguments above, that
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In what follows, the denominator 1 2 ½ðj 2 1Þ=Φ�f1 2 ½ðj 2 1Þ=j�Φg is positive
so long as N ≥ 1, which is assumed. From the above equation, then, it follows that
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Clearly, then, jð1 2 rÞ ≥ 1 is sufficient for average weighted revenues to be de-
creasing and approach zero as N →∞ because l > 0. QED

4. Proof of Proposition 4

We define Λ ; lðN 2 1Þ 1 1 and suppress the i and t subscripts for brevity. Tak-
ing logs and differentiating E½zi� with respect to N, holding input capabilities
fixed and noting that pjk 5 ð1 2 rÞRjk , we see that
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so from the proof of proposition 3, we have
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which implies limN →∞E½zi� 5 0. We also have, from the proof of proposition 3,
that
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Since, from proposition 2, d lnL=d lnN < 0 for N > maxf1 1 ðj 2 2Þ=l, 1g, a
sufficient condition on demand for expected profits to be decreasing in entry
holding capabilities fixed is therefore

1 2 rð Þ j 2 1ð Þ
r

> 1 1
lN

Φ

1 1 Φ
Φ1l

1 Φ ln j
j21

� � j21ð Þ
Φ 1 2 j21

j

� �Φh i
2 j 2 1ð Þ ln j

j21 2
Φ

Φ1l

1 2 j21
Φ 1 2 j21

j

� �Φh i ; B Nð Þ: (D1)ðD1Þ



3090 journal of political economy
Dropping the lnðj=ðj 2 1ÞÞ terms in equation (D1) that are in sum negative and
using lN < Φ from l < j 2 1 implies

B Nð Þ <
1 2 j21

Φ 1 2 j21
j

� �Φh i
1 j21

Φ 1 2 j21
j

� �Φh i
1 j21

Φ1l
1 2 j21

j

� �Φh i
2 lN

Φ1l

1 2 j21
Φ 1 2 j21

j

� �Φh i

5
j21
Φ1l

1 j21
Φ1l

2 j21
Φ1l

j21
j

� �Φ
1 2 j21

Φ 1 2 j21
j

� �Φh i 5
2 2 j21

j

� �Φ
Φ1l
j21 1 2 j21

Φ 1 2 j21
j

� �Φh in o

5
2 2 j21

j

� �Φ
Φ1l
j21 2 1 1 l

Φ

� �
1 2 j21

j

� �Φh i < 2
Φ1l
j21 2 1 1 l

Φ

� � 5 2
lN
j21 2

l
l N21ð Þ1j21

:

This last equation is decreasing in N where the denominator is positive, which
happens for N > 1 as assumed, and the minimum value N can take, by assump-
tion, is 1 1 ðj 2 2Þ=l. Substituting this into the last term, we have

2

l 1 j 2 2ð Þ= j 2 1ð Þ½ � 2 l= j 2 2 1 j 2 1ð Þ½ �
≤

2

l 1 j 2 2ð Þ= j 2 1ð Þ½ � 2 l= j 2 1ð Þ½ � 5 2
j 2 1

j 2 2
,

where the inequality follows from j 1 2, which follows from the assumption that
(12 r)j ≥ 2. Therefore, 2ðj 2 1Þ=ðj 2 2Þ is an upper bound for B(N) forN ≥ 1 1
ðj 2 2Þ=l. We can conclude that ð1 2 rÞðj 2 1Þ=r ≥ 2½ðj 2 1Þ=ðj 2 2Þ� implies
that expected profits are decreasing in entry, which holds for ð1 2 rÞj ≥ 2. QED

5. Proof of Proposition 5

Firms solve

min
mijkt

ð∞
c
ijt

siitmiijkt dGit ið Þ, subject to
ð∞
c
ijt

m j21ð Þ=j
iijkt dGit ið Þ

� �j= j21ð Þ
≥ Mijkt :

A natural question is, Why not frame this as a free-end-point problem with a
choice of input varieties ½cijt , �cijt �? The reason we have not is that for the case j >
1, “love for variety” implies �cijt 5 ∞, and for j < 1, the production function exhib-
its “hate for variety,” and allowing the producer to choose a subset of suppliers will
cause them to snap to the lowest-cost supplier.

Cost minimization conditional on cijt implies a first-order condition of37

m j21ð Þ=j
iijkt 5 M j21ð Þ=j

ijkt

j

j 2 1

siit
h

� �12j

, where

hit 5 2

ðc
ijt

∞

j

j 2 1
s

� �12j

dGit sð Þ
	 
1= 12jð Þ

:

37 This is for j > 1. For j < 1, replace j=ðj 2 1Þ with j=ð1 2 jÞ, as the sign of the in-
equality constraint changes. The second-order condition holds for j > 0 (weakly at
j 5 1).



comparative advantage of firms 3091
Under these distributional assumptions, we have

hit 5
j

j 2 1

Ωit

Ωit 1 j 2 1ð Þ s
Ωit

m c12j2Ωit

ijt

	 
1= 12jð Þ

under the condition Ωit > 1 2 j, hit is finite, and the input choice is nondegen-
erate.38 Defining the cost index of input i as Sijt, we have minimum costs of SijtMijkt,
where

Sijt 5
Ωitϑit

Ωit 1 j 2 1ð Þ
	 
1= 12jð Þ

c12Ωit= 12jð Þ
ijt sΩit= 12jð Þ

m ,

and therefore

d lnSijt
d lncijt

5 1 1
Ωit

j 2 1
:

Now the restriction Ωit > 1 2 j is especially informative, as if j > 1, then
d lnSijt=d lncijt > 0, consistent with love for variety, and d lnSijt=d lncijt < 0 for j <
1, consistent with hate for variety. Unit input costs cjkt conditional on capabilities
are then as above. QED

6. Proof of Proposition 6

Profit maximization can be considered in two steps, maximizing industry profits
conditional on unit costs and then maximizing joint profits by choosing capabil-
ities. A firm will optimally choose a markup pjkt 5 cjkt=r in the first maximization
step, so the profit accruing from each industry is

pjkt 5 1=rð Þ 2 1½ �q cjt
� �

cjkt qjkt 5
1=rð Þ 2 1½ � rDktð Þ1= 12rð Þ

q cjt
� �

cjkt
� �r= 12rð Þ : (D2)

Noting that for this particular profit form and common markups across indus-
tries, we have

d lnpjkt

d lncijt
5 2

r

1 2 r

d lnq cjt
� �

d lncijt
1

d lncjkt
d lncijt

� �

5 2
r

1 2 r
lncijt 2 lnci0 1 �vik 1 2

Ωit

1 2 j

� �	 

,

it follows that the first-order condition for profit maximization

dpjt

dcijt
5 o

k

pjkt

cijt

d lnpjkt

d lncijt

5 2
r

1 2 rok
pjkt

cijt
lncijt 2 lnci0 1 �vik 1 2

Ωit

1 2 j

� �	 

5 0:

(D3)
38 Otherwise, for j < 1 it is optimal to use all of the cheapest input, and for j > 1, input
vectors of the type ks12j all satisfy the production constraint, so as k→ 0, costs go to zero.
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Using the fact that rpjkt=ð1 2 rÞ 5 qðcjtÞcjkt qjkt , equation (D3) implies that for firm-
input expenditure shares of vijt, the optimal capability choice satisfies

ln cijt 5 ln ci0 2 1 1
Ωit

j 2 1

� �
vijt :

Substitution into equation (D2) and further expansion shows that revenues Rjkt

take the above form. QED

D2. Extensive Product Margin

Equation (9) can be modified to consider the extensive product margin choice
of firms. Assume that firms face a fixed cost ð1 2 rÞfkt to produce in an industry k
each period and so produce when profits pjkt 5 ð1 2 rÞRjkt > ð1 2 rÞfkt . From
equation (8), with identical coefficients and fixed effects similar to equation (9)
and error terms with 2εjkt logistic, a firm j operates in industry k when the follow-
ing equation is positive:

ln
Rjkt

fkt
5 kkt 1 kjk 2 k0o

i

vijt 2 �vik
� �2

1 k1o
i

aBBijt 1 atΔtijt
� �

vijt 2 �vik
� �2

1 εjkt , (D4)

Equation (D4) can be estimated to recover the tariff equivalent of dereservation
on the extensive margin of industry adoption.

D3. Input Similarity Equation: Proof of Proposition 7

Let {Dkt} be demand shifters in period t. Let Cjk 5 cjkq jk be the variable costs for
firm j in producing in industry k and Cj 5 okCjk total variable costs, so that

vijt 5 oK
�vikCjk

Cj

5 oK
�vikD

1= 12rð Þ
kt c2r= 12rð Þ

jkt

oKD
1= 12rð Þ
kt c2r= 12rð Þ

jkt

: (D5)

Holding cijt fixed, for xjkt ; Cjk=Cj , the cost share of industry k for firm j (equal to
revenue shares), it is the case that

dvijt
dDkt

5
1

C 2
j

�vik
1 2 r

Cjk

Dkt

Cj 2
1

1 2 r

Cjk

Dkt
o
k

�vikCjk

� �
5

xjkt

1 2 r

�vik 2 vijt

Dkt

:

It follows from the mean-value theorem that for some {djk} with each djk ∈
½Dkt21, Dkt �, cost shares x*jk , and expenditure shares v*ij evaluated at {djk},

o
i

�vikvijt 2
v2ijt

2

� �
2 �vikvijt21 2

v2ijt21

2

� �
5 o

i

�vik 2 v*ijt
� � x*jk

1 2 r
�vik 2 v*ijt
� � Dkt 2 Dkt21

djk
:

Redefining djk 5 Dkt21 as common across firms yields the (feasible) approximation

o
i

�vikvijt 2
v2ijt

2

� �
≈ o

i

�vikvijt21 2
v2ijt21

2

� �
1o

i

�vik 2 vijt21

� �2 xjkt21

1 2 r

Dkt 2 Dkt21

Dkt21

:

Adding �v2ik and rearranging gives the result. QED
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D4. Extensions to Primary Factors

The model can be extended on the production side to include factor services
that are not directly consumed, in particular factors such as capital, different
types of labor, and other firm balance sheet items. In this extension, to produce
a quantity qjkt in industry k at time t, firm j combines inputs from industry i, Mijkt,
and factor services from factor f, Ffjkt, using a constant-return-to-scale Cobb-Douglas
technology with industry input expenditure shares�vik ,�vfk and idiosyncratic industry
productivity labeledJjk. At input prices Sijtwit and factor service pricesWfjtwft, the unit
cost of firm j to produce in industry k at time t is therefore

cjkt ;
Y
i

Sijtwit

�vikJjk

� ��vik

�
Y
f

Wfjtwft

�vfkJjk

� ��vfk

:

Thus, cjkt is a vector of unit costs that are influenced by input prices and industry
productivities. Industry-level inputs Mijk and F are again composite quantities of
varieties through a CES aggregator with elasticity of substitution j for inputs
and jf for factor services where varieties follow a Pareto distribution, with Prðsiit ≥
sÞ 5 ðs=smÞ2Ωit for inputs and Prðwift ≥ wÞ 5 ðw=wmÞ2Ωft for factors withΩft 5 lNft ,
and Nft is the mass of suppliers as modeled above but for factor services. Firms
have capabilities of using inputs with prices ½cijt ,∞Þ for inputs and ½cfjt ,∞Þ for fac-
tors, where cijt and cfjt are chosen by the firm. The analogous version of proposi-
tion 1 goes through with corresponding and symmetric terms for factors. Letting
cjt denote the vector of acquired capabilities, the unit costs of amultiproduct firm
are given by qðcjtÞcjkt in each industry and are assumed to follow

q cjt
� �

; exp oi lncijt
� �2
2

1oi lncijt
� �2
2

( )
:

A firm can use its acquired capabilities across any number of products and
reoptimizes by choosing capabilities each period.

In period t, firms pay a fixed cost of fkt to operate in industry k and face inverse
demand in industry k of

pjkt q jkt

� �
5 Dktq

r21
jkt ,

as above. A firm’s profit-maximizing capability and production choices consider-
ing product markets jointly are analogous to proposition 6. In particular, for
Θit ; 1 1 Ωit=ðj 2 1Þ and Θft ; 1 1 Ωft=ðjf 2 1Þ, firm revenues are given by

ln Rjkt 5
r

1 2 r
ln Jjk|fflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflffl}

RCA jkð Þ

1 ln rr= 12rð ÞD1= 12rð Þ
kt

� �|fflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
demand ktð Þ

2
r

12ro
i

�vik lnwitϑ
1= 12jð Þ
ft 12Θ21

it

� �1= 12jð Þ s12Θit
m

�vik|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
input supplier ktð Þ

2
r

12 ro
f

�vfk ln wftϑ
1= 12jð Þ
ft 12Θ21

ft

� �1= 12jfð Þ w12Θft

m

�vfk|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
factor supplier ktð Þ

1
r

2 1 2 rð Þ o
i

Θ2
it
�v2ik 1o

f

Θ2
ft
�v2fk

" #
|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

supplier-tech ktð Þ

2
r

2 1 2 rð Þ o
i

Θ2
it vijt 2 �vik
� �2

1o
f

Θ2
ft vfjt 2 �vfk
� �2" #

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
core competency jktð Þ

,

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
comparative advantage jktð Þ
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where ϑft ; 1 1 fðj 2 1Þ=½lðNft 2 1Þ 1 j 2 1�gf1 2 ½ðj 2 1Þ=j�lðNft21Þ1j21g. Line-
arizing Ωit and Ωft around the initial policy states Ωi0 5 �Ω and Ωf 0 5 �Ωf and let-
ting kx represent a fixed effect for characteristic x yields equation (15). The IV
estimator is analogous to the one above; for ~vfjkt ; ðvfjt�vfk 2 v2fjt=2Þ and ~xfjkt ;
xjktðvfjt�vfk 2 v2fjt=2Þ, we define

I M
jkt l, gð Þ ; lo

i

~vijkt21 2 go
i

~xijkt21,

I B
jkt l, gð Þ ; lo

i

Bijt
~vijkt21 2 go

i

Bijt~xijkt21,

I F
jkt l, gð Þ ; lo

f

~vfjkt21 2 go
f

~xfjkt21,

I t
jkt l, gð Þ ; lo

i

tijt~vijkt21 2 go
i

tijt~xijkt21:

The resulting first-stage equations for our estimator are as follows for z ij ;
ðlij , gijÞ:39

o
i

~vijkt 5 kkt 1 kjk 1 I M
jkt z11
� �

1 I F
jkt z12
� �

1 I B
jkt z13
� �

1 I t
jkt z14
� �

1 hM
jkt , (D6)

o
f

~vfjkt 5 kkt 1 kjk 1 I M
jkt z21
� �

1 I F
jkt z

22ð Þ 1 I B
jkt z

23ð Þ 1 I t
jkt z

24ð Þ 1 hL
jkt , (D7)

o
i

Bijt
~vijkt 5 kkt 1 kjk 1 I M

jkt z31
� �

1 I F
jkt z

32ð Þ 1 I B
jkt z

33ð Þ 1 I t
jkt z

34ð Þ 1 hB
jkt , (D8)

o
i

tijt~vijkt 5 kkt 1 kjk 1 I M
jkt z41
� �

1 I F
jkt z

42ð Þ 1 I B
jkt z

43ð Þ 1 I t
jkt z

44ð Þ 1 ht
jkt : (D9)

With our base and extended models in hand, along with an IV strategy, we next
turn to our estimate results and counterfactuals regarding the comparative ad-
vantage of firms.
Appendix E

Average Firm-Level Comparative Advantage, by Industry

Table E1 shows the average comparative advantage of single-industry firms in in-
dustry k0, for the industry in which they enjoy the highest average CAjkt.
39 In practice, sales within a firm-industry group are unlikely to be a balanced panel, as
the extensive margin of a firm’s industries is liable to change (we in fact model and esti-
mate this with a logit model). Consequently, our one-period-lag strategy may lose some ob-
servations, but it reduces the number of parameters that must be estimated simultaneously.



TABLE E1
Comparative Advantage of Single-Industry Firms, by Industry

Industry k0

Highest–Average
Comparative Advantage
Industry (except k0)

Comparative
Advantage

Dairy products Live animals, chiefly for food 15.8*
Other jute and natural fiber
goods, n.e.c.

Fabrics and cloth of jute, coir, sisal,
hemp, mista, etc.

13.1*

Fabrics and cloth of jute, coir,
sisal, hemp, mista, etc.

Other jute and natural fiber goods,
n.e.c.

12.3*

Fibre of jute, coir, and other plants Fabrics and cloth of jute, coir, sisal,
hemp, mista, etc.

11.71

Cereals (incl. rice) and pulses,
unmilled

Products of milling industries; malt
and malted milk

11.6*

Products of milling industries; malt
and malted milk

Cereals (incl. rice) and pulses,
unmilled

11.5*

Ginned cotton, cotton, and raw
cotton waste

Cotton yarn and fibre, including
cotton thread

10.2*

Cotton yarn and fibre, including
cotton thread

Ginned cotton, cotton, and raw
cotton waste

10.01

Vegetables oils and fats Diesel products and by-products 9.8
Raw fibre of jute, coir, sisal, hemp,
mista, etc.

Fabrics and cloth of jute, coir, sisal,
hemp, mista, etc.

9.6

Aluminium and aluminium
alloys, unwrought

Aluminium and aluminium alloys
worked

9.5*

Leather apparel Leather bags, cases, purse and other
novelty items

9.2*

Fruit juices and vegetable juices
and syrup, pickles

Edible fruit and nuts; edible
vegetables and certain roots

9.2

Craft paper and paper
for special use

Boards, paper boards 9.1*

Leather bags, cases, purses
and other novelty items

Leather apparel 9.0*

Boards, paper boards Craft paper and paper for special use. 8.7
Chocolate, cocoa and cocoa
preparations and sugar

Sugar, molasses, khandsari, gur. 8.6

Edible fruits and nuts; edible
vegetables and certain roots

Fruit juices and vegetable juices &
syrup, Pickles

8.5*

Aluminium and aluminium
alloys worked

Aluminium and aluminium alloys,
unwrought

8.2

Paper (uncoated) used for
newsprint and for other
special purposes

Craft paper and paper for special
use

8.0

Pig iron/ferroalloys, etc., in
primary form

Metro railways and tramways and
rolling stock

7.9*

Cotton apparel Fur skins and articles thereof 7.7
Inorganic elements, excluding
base metals, rare gas

Charcoal 7.4

Miscellaneous leather manufac-
tured items

Leather bags, cases, purses and
other novelty items

7.3

Copper and copper alloy, refined
or not, unwrought

Copper and copper alloys, worked 7.0*
Note.—Table shows the average comparative advantage CAjkt of single-industry plants in
industry k0, for the industry k where CAjkt is the highest. n.e.c. 5 not elsewhere classified.

1 p < .10.
* p < .05.
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Appendix F

Core-Competency Premia with Factor Complementarity

TABLE F1
Core-Competency Sales Premium, with Primary Factors

Industry Rank

Number of Industries with Positive Sales

1 2 3 4 5 6 7 8 9 101

1 .024 .030 .030 .017 .013 .011 .010 .010 .007 .011
2 .014 .012 .009 .009 .008 .008 .008 .006 .014
3 .010 .008 .007 .007 .006 .006 .008 .009
4 .007 .007 .006 .006 .005 .006 .009
5 .006 .006 .006 .005 .006 .005
6 .006 .006 .006 .006 .004
7 .005 .005 .005 .004
8 .005 .005 .005
9 .005 .005
101 .003
TABLE F2
Core-Competency Sales Premium, with Primary Factors—Weighted

Industry Rank

Number of Industries with Positive Sales

1 2 3 4 5 6 7 8 9 101

1 .029 .038 .070 .085 .076 .077 .097 .168 .299 1.102
2 .003 .007 .022 .098 .198 .166 .205 .014 2.214
3 .001 .003 .004 .031 .012 .023 .144 .858
4 .001 .004 .025 .010 .014 .014 .116
5 .002 .005 .008 .006 .011 .029
6 .002 .004 .006 .004 .007
7 .001 .004 .003 .011
8 .001 .001 .004
9 .003 .003
101 .001
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