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This paper shows how interdependencies influence performance following a reduction in firm scope. We test
the predictions of the theory using detailed microdata on every Peruvian fishing firm before and after a

regulatory ban on mackerel fishing, finding that a reduction in the scope of activities causes the productivity
of firms’ legacy anchovy operations to fall sharply, before recovering in the long run. The results are most
pronounced for firms with the strongest interdependencies between activities. Moreover, we find evidence that
the persistence of the productivity decline is explicitly tied to a failure to adapt quickly following the ban.
Consistent with our conceptual characterization, the evidence suggests that interdependencies between activities
simultaneously create benefits as well as costs, but that costs are more persistent when the firm reduces its
scope of activities.
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1. Introduction
Under the right conditions, firms can coordinate
economic activities more efficiently than markets
(Williamson 1985), but hierarchical control is also
thought to create negative interdependencies, ham-
pering performance in multi-activity firms (John and
Ofek 1995). The empirical evidence on scope and per-
formance is mixed too. Scholars have shown that
firms can exhibit characteristics of efficient central
planning authorities—for example in the transaction
cost economics literature (see Macher and Richman
2008, for a review)—but also that broad scope firms
operate like inefficient bureaucracies (e.g., Schoar
2002). However, in spite of the Janus-faced nature
of scope, there is little research explaining how such
ostensibly oppositional characteristics operate within
the same firm simultaneously (Zhou 2011). In this
paper we attempt to shed some light on the trade-
offs inherent in firm scope decisions by studying the
performance implications of activity-level interdepen-
dence within firms.

Interdependencies exist where the efficiency of one
activity depends on another activity, where positive
interdependencies are the joint benefits to performing
activities together, sometimes called complementari-
ties (Milgrom and Roberts 1990), and negative interde-
pendencies are the joint costs of performing activities
together, sometimes referred to as coordination costs

(Gulati and Singh 1998). Interdependencies can be ver-
tical, within the process flow of production routines,
or horizontal, across related input or output activi-
ties. For example, the efficiency of a lumber mill’s tim-
ber operations depends on how well the log-cutting
operations excise knotty wood from a fallen tree
(Casadesus-Masanell et al. 2008), and the productivity
of Belgian manufacturing firms’ internal research and
development activities depends on the extent to which
they pursue external knowledge acquisition activi-
ties (Cassiman and Veugelers 2006). Our focus in this
paper is on the costs and benefits of horizontal inter-
dependencies between related activities.

As in Siggelkow (2001), we characterize the firm
as a set of routinized activities for producing out-
put, where one of the firm’s key strategic efforts is to
create positive interdependencies between activities
(Porter 1996). However, by making the organization
and operation of the firm more complex, interdepen-
dencies can also constrain the organization, making it
rigid and less adaptable (Leonard-Barton 1992). Thus,
we treat the firm as a bundle of partially rigid inter-
dependent activities, which interact in ways that may
add value in the aggregate but can be costly at the
activity-level, particularly when there are shocks to
the composition of the activity system. From this per-
spective, we study the implications of interdepen-
dence during periods of stability, when activity scope
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is constant, and turbulence, when there is a reduction
in the number of activities performed by the firm.

By making the choice of activities within the firm
endogenous, the conceptual approach embraces a
theory of interdependence that does not rely on
systematic managerial mistakes with respect to the
optimal scope of the firm—an approach that is in-
creasingly gaining favor in the literature (e.g., see
Markides 1995, Campa and Kedia 2002, and Colak
and Whited 2007). Moreover, by taking organizational
rigidity seriously in the context of changing activity
systems, our framework makes a clear joint hypothe-
sis: whereas positive interdependencies will generally
outweigh negative interdependencies during stable
periods, negative interdependencies are more persis-
tent, and therefore more pronounced, when activity
scope is reduced.

We study interdependence and performance using
detailed microdata on Peruvian fishing firms’ anchovy
and mackerel production activities. Interdependence
is important in our setting because mackerel fishing
has a direct impact on the productivity of anchovy
fishing in large part because of the biological rela-
tionship between the species. Mackerel eat anchovy;
thereby, mackerel fishing gives fisherman asymmet-
ric information about the location of anchovy schools.
Although the precise nature of interdependence is
somewhat unique to the setting—asynchronous, bio-
logical interdependence—the industrial context fits
well with the concept of interdependence as articu-
lated in the literature.

Our key methodological insight is that an unantic-
ipated ban on mackerel fishing exogenously changed
the scope of activities performed by the fishing firms,
allowing us to identify the impact of interdepen-
dence on activity-level (anchovy fishing) productivity.
Specifically, we compare the changes in activity-level
productivity in formerly multi-activity firms (i.e.,
firms that fished for mackerel and anchovy) relative
to changes in productivity in single activity firms (i.e.,
firms that only fished for anchovy historically) at the
ship-week level before and after the ban. Since 41% of
the firms were suddenly forced to drop their mackerel
operations, the tests are difference-in-differences esti-
mates of performance on a change in the scope of a
firm’s activities. The tests are particularly convincing
because (i) the shock to the scope of activities per-
formed by the firm was exogenous and unanticipated,
and (ii) the empirical setting allows us to observe
physical measures of inputs and outputs weekly at
the ship-level for all firms in the industry, which gives
us an unusually precise measure of interdependence
(i.e., at the activity level) and performance (i.e., pro-
ductivity in quantities).

We find that an exogenous reduction in the scope of
a firm’s activities causes anchovy productivity to fall

by 16% at the ship level during the anchovy seasons,
where seasons are defined by government regulation,
in the 15 months following the ban and are most
pronounced for firms with the strongest interdepen-
dencies between activities. Moreover, we show that
rigidity is explicitly tied to a failure to adapt at the
time of the ban. Firms continue to deploy their ships
in a manner consistent with multi-activity firms after
the ban for some months, even though that deploy-
ment strategy appears suboptimal in a single activ-
ity firm. The evidence is consistent with the idea that
firms grow through efficiently coordinating activities
internally—they expand the activity set under their
control when it offers them a net benefit—but strug-
gle to adapt when the benefits of interdependence
disappear. More broadly, the results suggest that it is
interdependence itself that makes firms rigid, which
has implications for a range of corporate strategy
decisions.

This paper contributes to the strategy literature in
three main ways. First, we show that when organi-
zational rigidity is present, a reduction in the scope
of a firm’s interdependent activities destroys posi-
tive interdependencies while leaving negative inter-
dependencies in place, thereby temporarily negatively
impacting activity-level performance. This result is
particularly relevant for firms that engage in related
diversification—an important, and arguably under-
studied, segment of the economy (Zahavi and Lavie
2013)—as well as for nondiversified multi-activity
firms with meaningful interdependencies between
activities. Second, although the literature on scope
and performance is extensive, we believe this is the
first paper to offer large-sample experimental evi-
dence of both positive and negative interdependence
in multi-activity firms. Third, we show that organiza-
tional rigidity can be directly linked to changes in the
scope of a firm’s activities. If firms cannot immedi-
ately adapt to changes in their activity systems, they
face a cost of organizational change, which influences
optimal firm scope decisions both before and after a
change in firm scope. Whereas organizational schol-
ars have long posited that adaptation challenges are
a central concern in firm strategy (Levinthal 1997,
Nickerson and Silverman 2003), there has been lit-
tle research on adaptation costs in the context of the
scope of a firm’s activities (Sorenson 2003).

2. Theory and Related Literature
Strategy and organizational scholars have been
deeply engaged with questions regarding firm scope
at least since Coase (1937), and theories of scope
and performance date back at least to Alchian and
Demsetz (1972), Williamson (1975), and Jensen and
Meckling (1976), who analyzed the firm as a legal
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and administrative system or a nexus of contracts.
Later, Nelson and Winter (1982) and Porter (1996)
offered a complementary theory of the firm conceiv-
ing of organizations as nexuses of routines or activi-
ties. The activity-based theory of firm has been said
to have “mouth-watering potential” (Gibbons 2005),
because it conceives of the firm in a more operational
and veridical manner than administration-centric the-
ories. Firms are not just a book of blueprints but are
also defined by norms, rules of thumb, social relation-
ships, and culture, and the activity-centric perspec-
tive on the firm offers some insight into how these
micro-organizational features of firms influence real
economic outcomes.

Unfortunately, the many definitions of “routine” or
“activity” in the literature have led to some confusion
about how to apply these frameworks to questions of
scope and performance (Felin and Foss 2009). For the
purposes of this paper we define an “activity” as a
routinized production or administrative process that
is physically, intellectually, or temporally distinct from
other firm activities. The definition seems to capture
the spirit of the original concept and fits well with
current characterizations of firms—for example, the
description of firms by Puranam et al. (2012, p. 419)
as “systems of coordinated activity.” Conceptually, an
activity could be the smallest nondecomposable pro-
cess with a firm, or a higher-order activity—a process
comprising subactivities. Although our theory applies
at either level, for the purposes of this paper we focus
conceptually and empirically on higher-order activi-
ties and refer to the components of higher-order activ-
ities as subactivities.

Beyond conceptual classification issues, until re-
cently data limitations represented a significant bar-
rier for analyzing scope decisions at a level of detail
sufficient to address fundamental questions about per-
formance effects accurately (Villalonga 2004). Indeed,
Mullainathan and Scharfstein (2001, p. 195) note that
“while we know something about the forces that
determine firm boundaries, we know relatively little
about how these boundaries affect actual firm behav-
ior. This is a major limitation in our understanding of
the nature of the firm.”

This paper builds on a growing body of strategy
research, which addresses this gap in the literature
by studying the relationship between firm scope and
performance at a microlevel of organization and by
integrating different theoretical frameworks in a con-
crete empirical context. For example, Nickerson and
Silverman (2003) integrate transaction cost economics
(Williamson 1985) and the organizational change lit-
erature (e.g., Hannan and Freeman 1984) to develop
transaction-level predictions about the efficiency of
vertical integration, which they test in the context of
the U.S. trucking industry. Analogously, this paper

integrates a theory of the firm with a theory of
adaptation to form testable hypotheses about firm
scope and performance. And, indeed, there is grow-
ing evidence that the activity system perspective can
deliver unique insights into our understanding of
firm scope and performance. For example, Novak and
Stern (2009) show that the scope of an activity system
can positively influence performance in their study
of complementarities in automobile manufacturing
firms. Interestingly, in a similar setting—automobile
manufacturing firms—Pierce (2012) finds evidence of
negative interdependence in the vertical interdepen-
dencies between leasing and manufacturing divisions.
Relatedly, Feldman (2014) finds evidence of perfor-
mance declines in firms that divest their legacy busi-
ness units, suggesting that positive interdependencies
are often tacit and deeply embedded in the organiza-
tional structure of the firm. All three papers deliver
insight into the nature of interdependence, but none
explore the trade-offs inherent the nexus of interde-
pendent activities that define a firm, as we do in
this paper.

Of course, we are not the first to posit that inter-
dependencies simultaneously exert positive and neg-
ative effects on firm performance. Rawley (2010)
and Zhou (2011) showed that related diversification
creates both synergies and coordination costs. In a
related study on the dynamic duality of interdepen-
dence, Gartenberg (2014) examines lending perfor-
mance in the presence of vertical interdependencies
between finance and construction divisions of U.S.
home builders during the recent housing crisis. She
finds that by severely limiting capital available for
lending, interdependence actually led to improved
lending standards and performance during the cri-
sis, suggesting that the value of interdependencies
can fluctuate substantially over time as the economic
environment changes. We build on this prior work
by developing a test of both the cost and benefits of
interdependence using a natural experiment, and we
extend prior research by showing how rigidity influ-
ences the dynamic performance implications of inter-
dependence in a context where firms are shrinking
instead of growing.

Specifically, we propose that endogenous interde-
pendence between activities within firms leads to pre-
dictable patterns of costs and benefits of interdepen-
dence in dynamic environments. When organizations
coordinate activities, interdependencies arise because
decisions made concerning one activity influence the
efficiency of other activities (Rivkin and Siggelkow
2003). Because the activity scope of the firm is endoge-
nously determined, benefits of interdependence will
generally outweigh costs during stable periods. How-
ever, if firms are rigid in the sense that they are
not able to adjust instantaneously in the short run
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(Hannan and Freeman 1984), that relationship will
threaten to reverse during turbulent times (e.g., when
the scope of a firm’s activities change), whether the
change is endogenous or exogenous, until the firm
manages to adapt to the new environment. In partic-
ular, firms that eliminate an activity with significant
interdependencies will face persistent negative inter-
dependencies until the firm can reorganize appropri-
ately. For example, if the firm does not organize its
administrative or production processes following a
change in scope, it will tend to suffer from persistent
negative interdependencies. This persistence, or rigid-
ity, could be structural because of institutional or con-
tractual limitations on the speed of adaptation, or be-
havioral, due to social or cognitive limitations of man-
agers, and/or informational. We summarize this logic
as follows.

Proposition 1. Interdependence simultaneously cre-
ates costs and benefits, but costs are more persistent when
the firm reduces its scope of activities.

Our prediction obtains from the application of the
theory of the firm as a bundle of activities or rou-
tines (Nelson and Winter 1982). We use that theo-
retical lens to model the multi-activity firm as a set
of interdependent, but only partially adaptable, pro-
duction functions. Whereas much of the prior work
on scope and performance has focused on interde-
pendencies related to diversification or divestiture
events, implicitly equating firm scope with the num-
ber and type of business units owned, the activity-
centric perspective lends itself more naturally to a
micro-organizational perspective on firm organiza-
tion. Indeed, often in corporate strategy decisions,
the concept of firm scope extends beyond a calculus
of the optimal collection of business units or divi-
sions. For many firms, strategic questions of scope
are also about how to organize the firm at a micro-
organizational level, including how the operations of
the firm should be harmonized. Thus, our theory
encompasses both micro-organizational scope deci-
sions and classic diversification decisions as long as
there are meaningful operational or administrative
interdependencies between business units, divisions,
or products. By contrast, our conceptual approach
would not apply well to decisions by conglomerates
about whether to sell off a business unit that has little
interaction with other business units under the cor-
porate umbrella. Similarly, we would not expect large
performance effects to be manifest in firms that pared
away an activity from a nexus of activities that had
little interdependence. In this sense the theory we pro-
vide is an activity-based theory of interdependence
and scope.

Later, after discussing the institutional context, we
develop a simple analytical framework linking a

reduction in firm scope to a particular performance
pattern that is the signature effect of Proposition 1.
The framework is simple but allows us to analytically
develop testable implications of the theory that can
be taken directly to the data.

3. Empirical Context
3.1. The Peruvian Fishing Industry1

The Peruvian fishing industry is the second largest
in the world, generating about $2.5 billion in annual
revenue. The industry value chain includes two ver-
tical activities: extraction and transformation. The
focus of this paper is on horizontal interdependence
in the extraction segment. Output is classified into
two product segments: indirect human consump-
tion, which includes fishmeal and fish oil, and direct
human consumption, which includes canned, frozen,
and cured seafood. This paper focuses on the fishmeal
and fish oil segment, which accounts for about 97%
of the fish processed in the Peruvian fishing industry.
Whereas several fish species can be used in products
for indirect human consumption, the most common
by far are anchovy and mackerel.

Much of the industry activity (about 85% by
weight) revolves around a single species, anchovy
(engraulis ringens), which is primarily fished for fish-
meal. Anchovy are a slow moving fish that rou-
tinely achieve a large biomass in the cool waters of
the Pacific Ocean off the coast of Peru during two
reproductive cycles each year. The anchovy popu-
lation is maintained in part through strict and vig-
orously enforced restrictions on fishing seasons that
prohibit industrial firms from fishing for anchovy in
the months surrounding the reproductive cycles. The
natural conditions of the Peruvian sea and the polit-
ical environment restricting fishing to two anchovy
seasons of approximately three months per year sup-
port the highest anchovy landings in the world—
around seven million tons per year—though anchovy
populations vary meaningfully over time because of
exogenous biological conditions. Historically, mack-
erel fishing was the second major activity of the
Peruvian fishing industry, resulting in about 7%, by
weight, of the industry’s catches.

The vessels used to catch anchovy and mackerel
are called purse seiners. Purse seiners catch fish by
surrounding shoals with a net that gets closed at the
bottom by tightening a rope and sucking the fish

1 Our description of the fishing industry draws from a combination
of direct work experience in the empirical context (of one of the
authors) and interviews with practitioners including fishing man-
agers, fishermen, and analysts. For academic descriptions of this
setting, see Bakun and Weeks (2008), Arias Schreiber (2011), and
Muck and Sanchez (1987).
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into the boat using a pump. Nets are expensive and
can easily tear if dragged across the ocean floor or
when pressed by moving fish shoal; therefore, purse
seiners may chase a group of fish for some distance
before the shoal forms and stabilizes. Fishermen note
that mackerel is more difficult to catch than anchovy
because mackerel tends to “run” more frequently,
moving fast and far when agitated. Thus, the min-
imum ship size and speed requirements for mack-
erel fishing exceed the minimums for anchovy fishing.
(We control for ship-level heterogeneity in our empir-
ical analysis with ship-specific fixed effects.) Different
net systems are also required for anchovy and mack-
erel, which necessitate changeovers in port; however,
beyond altering the net system, other physical adjust-
ments to ships when switching between species are
relatively minor, mostly stemming from the different
styles and activities developed by crews to adjust to
the different behaviors of these species. All ships’ fish-
ermen are paid proportionately to the value of the
fish they catch.

Whereas utilizing fishing boats during the anchovy
off-season provides a strong (fixed asset utilization-
based) motivation for firms to fish for mackerel, and
ship-level heterogeneity influences the ability of the
firm to catch mackerel, our interest in this paper
is to understand how interdependencies influence
activity-level productivity over time. The key pos-
itive interdependency between anchovy and mack-
erel fishing arises from a natural biological synergy;
fishing for mackerel gives firms better information
about the location of anchovy schools because mack-
erel tends to follow and feed on anchovy (Muck and
Sanchez 1987). But just as interdependence between
anchovy and mackerel fishing creates positive effects,
it also creates negative effects. To take advantage of
the mackerel available during the anchovy off-season,
multi-activity firms must operate their boats year-
round, resulting in a less well-maintained fleet dur-
ing anchovy season. Also, multi-activity firms tend to
distribute their ships differently compared to single-
activity firms, which represents an important poten-
tial source of persistent interdependence. Whereas
single-activity firms tend to cluster their ships close to
the shore, where anchovy is abundant but where there
is also significant competition, multi-activity firms
tend to distribute their boats more widely to tap into
less competitive fishing grounds. The precise mag-
nitude of the partial effect of these two styles was
probably difficult, if not impossible, to disentangle
before the ban on mackerel, even for sophisticated
firms. In retrospect, with the hindsight provided by
the shock to firm scope, it appears that information
asymmetry was the key to making the distributed
model work effectively. Industry respondents report

that the distributed model has largely been aban-
doned in recent years, which further suggests that
by removing the interdependencies between mackerel
and anchovy, the distributed model became inferior
to the approach of clustering ships close to shore.

3.2. The Ban
Prior to 2002, there were no meaningful restrictions
on the harvesting of mackerel; it could be fished for
fishmeal or for human consumption, and it could be
fished any time during the year. However, given the
relative abundance and ease of catching anchovy and
the fact that fishing boats must be retrofitted with dif-
ferent net systems to fish for different species, which
could take up to a day, most firms focused exten-
sively on fishing for anchovy during the anchovy sea-
sons and then shifted their activities to mackerel fish-
ing during the anchovy off-season. However, some
firms did switch back and forth between anchovy
and mackerel during anchovy season, and we exploit
these “switchers” to better understand the mecha-
nisms behind the main effects we observe. Due to
the nature of the food chain, mackerel fishing gave
switchers access to asymmetric information about the
more far-flung anchovy shoals. Moreover, even firms
that only fished for mackerel during the anchovy off-
season were able to take advantage of an important
one-time information advantage at the beginning of
the season, compared to firms that never fished for
mackerel. Interestingly, this one-time asymmetry can
be substantial and fairly long-lived, because anchovy
biomasses tend to be slow moving, allowing multi-
species firms to exploit their informational advantage
throughout the first weeks of the anchovy season.

On September 5, 2002, Alejandro Toledo, the Pres-
ident of Peru, signed a law banning mackerel from
use in fishmeal or fish oil production, permitting it
to be fished only for human consumption products
(El Peruano 2002). Our rationale for treating the ban
as an exogenous shock to firm scope is based on
two factors. First, whereas government regulation of
fisheries was already in place for two other species,
anchovy and hake, it had never applied to mackerel
before; thus, it is unlikely that firms avoided fish-
ing for mackerel in anticipation of a mackerel ban.
In fact, the law was issued as an executive order
(Decreto Supremo) that press reports suggest was not
widely anticipated. Although there were a number
of decrees issued to promote fishing for mackerel
for human consumption after Toledo took office in
July 2001, the ban in question was not discussed
in the legislature, and there is no mention of ban-
ning mackerel for fishmeal in any other executive
orders related to the fishing industry. The first pub-
lished mention of the possibility of a ban being put
into place was in the small trade magazine Pesca in
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Figure 1 (Color online) Mackerel Ban and Mackerel Catches

June 2002 (Bermejo 2003), just three months before the
ban went into effect in September 2002.

Second, whereas the bans on anchovy and hake
were limited to a few crucial months in the species’
biological cycles to protect their juvenile populations,
the mackerel rule was applied to the entire year and
in perpetuity. Thus, the ban created an exogenous and
permanent (at least to the present time) reduction in
firm scope.

Figure 1 graphically shows the impact of the ban on
mackerel fishing. From January 1999 until just prior to
the ban on mackerel, hundreds of thousands of tons
of mackerel were extracted by Peruvian firms fishing
for fishmeal in most quarters. After the ban, mackerel
fishing for fishmeal was eliminated. We exploit the
natural experiment provided by the mackerel ban to
investigate the causal effects of a reduction in firm
scope on activity-level performance.

4. Applying the Theory to the Context
Our proposition linking interdependence and perfor-
mance in multi-activity firms in §2 is quite general.
Conceptually, our framework applies to almost every
reduction in the scope of a firm’s activities, be it
a product-line rationalization, asset sale, outsourcing
decision, or spin-off, as long as there is meaning-
ful activity-level interdependence and organizational
rigidity. However, because activity-level performance
is often hard to observe and scope decisions are
endogenous, the “true” effects of interest may often
be hidden in the data. In this section we study which
conditions have to be met for one to be able to predict
a sharp empirical pattern in the data, and interpret
finding such a result as evidence for our proposition.
One key insight is that we should see a swift drop and
then subsequent improvement in activity-level perfor-
mance, as long as that activity enjoyed net positive
interdependencies just prior to the reduction in scope.
Furthermore, by introducing activity-level rigidity, an
even stronger statement can be made: performance

will fall immediately and then rise again in the long
run, if and only if the activity system is characterized
by positive and negative interdependencies and orga-
nizational rigidity.

To fix ideas, consider two ways of organizing a
firm: as a multi-activity firm with two activities a =

81129, or as a single activity firm a = 819, where total
firm profits ç are equal to the sum of each activ-
ity’s profit çi, less a fixed cost F , which does not
vary if activity 2 is added to the firm. In turn, each
activity’s profit is equal to its stand-alone profit-level
�i, plus any activity-specific net positive or negative
interdependencies INTERi, where INTER1 + INTER2 =

INTER112, and INTER1 + INTER2 = INTER112 = 0 in
single activity firms:

ç=ç1 +ç2 − F =�1 +�2 + INTER112 −F 1

çi =�i + INTERi1 (1)

INTERi = INTER+

i + INTER−

i 0

Clearly, in expression (1), interdependence effects
INTER can be a key driver of the activity scope deci-
sions, and, in general, the larger the total net pos-
itive interdependency, the more likely the firm will
adopt activity 2.2 A net positive total interdepen-
dency, INTER112, does not necessarily imply that
each activity is made better off by the interde-
pendency, however. Indeed, strategy is often about
managing the trade-offs inherent in interdependen-
cies between activities, making sacrifices along one
dimension to create positive interdependencies along
another (Rawley and Simcoe 2010, Kumar 2013), such
that INTERi may be negative for any given i, even
when INTER112 is positive. Thus, a reduction in firm
scope will lead to positive activity-level performance
changes whenever there are net negative activity-
specific interdependencies, INTER1 < 0, and would
lead to negative performance changes whenever there
are net positive activity-specific interdependencies,
INTER1 > 0. Therefore, once the sign on INTER is
known a clear hypothesis emerges about a reduc-
tion in scope and performance. Because there are
strong reasons to believe that there were net positive
activity-specific interdependencies ex ante in the con-
text we study, instead of explicitly stating competing

2 Conceptually, the difference between activity-level interdepen-
dence and fixed asset utilization (Wernerfelt and Montgomery
1988) is clear: the former affects the profitability of scope through
INTER, whereas the latter influences firm scope through F . How-
ever, as a practical matter, separating these effects may be challeng-
ing. Fortunately, in our context, the effects of fixed asset utilization
in multi-activity firms (i.e., sharing a fishing boat across activities)
can be easily dealt with (i.e., by focusing on performance during
anchovy season).
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hypotheses, we focus on testing the latter effect, leav-
ing the former to be part of the null:

Hypothesis 1. When a focal activity enjoys activity-
specific positive interdependencies, a reduction in firm
scope leads to a decline in contemporaneous activity-level
performance.

If there are any negative interdependencies and
firms are rigid in the sense that they are not able
to instantaneously adapt in the short run (Hannan
and Freeman 1984), but are adaptable in the long
run, activity performance will improve over time.
Thus, we will observe falling and then rising activity-
level performance, if and only if (a) there are positive
and negative activity-specific interdependencies, and
(b) organizations are rigid, but adaptable, which we
summarize as

Hypothesis 2. In the presence of activity-level rigidity,
contemporaneous activity-level performance will decline

Figure 2 The Theory Illustrated

(D) Interdependence;
rigid, but adaptable firms
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(C) Negative interdependence

initially and then improve over time following a reduction
in firm scope, if and only if there are both positive and
negative activity-level interdependencies.

The logic for Hypotheses 1 and 2 leads to testable
predictions about performance pattern of a firm that
refocuses its activity system. If the evidence is con-
sistent with these predictions, it would be strong evi-
dence for our Proposition 1 that interdependence cre-
ates both costs and benefits, but that costs are more
persistent when the firm reduces its scope of activi-
ties. Evidence in favor of Hypothesis 2 would be par-
ticularly compelling, because a pattern of falling and
then rising performance is necessary and sufficient for
demonstrating the existence of organizational rigidity
and simultaneous positive and negative activity-level
interdependence ex ante.

Figure 2 illustrates the link between the key as-
sumptions and the expected outcomes by showing

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

17
.6

] 
on

 1
4 

Ju
ly

 2
02

6,
 a

t 0
7:

42
 . 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y,
 a

ll 
ri

gh
ts

 r
es

er
ve

d.
 



Natividad and Rawley: Interdependence and Performance
Strategy Science 1(1), pp. 12–31, © 2016 INFORMS 19

four sets of predictions of activity-level performance
following a reduction in firm activity scope under
four different sets of assumptions. Panel A repre-
sents performance when there are no interdependen-
cies. Refocusing is a nonevent in this case. Panel B
shows the performance pattern when there are pos-
itive activity-level interdependencies, but firms are
perfectly rigid. In this case, negative interdependen-
cies cannot be detected, because performance falls
following the refocusing and does not recover. In
Panel C we show the performance pattern for flexible
firms with only negative interdependencies ex ante.
Performance improves to a steady state level imme-
diately following a reduction in scope, because only
negative interdependencies are eliminated. Finally, in
Panel D, we illustrate our predictions: performance
will fall immediately following the ban, and then
recover later. This signature performance pattern is at
the heart of our hypotheses, because it demonstrates
the connections amongst activity scope, interdepen-
dencies, organizational rigidity, and performance.

Although the theory offered in §2 is general and
broadly applicable, the analysis developed in this sec-
tion makes clear that to take the predictions of the
theory to the data, three key conditions must be met
for the proposed hypotheses to be valid. First, there
must be both positive and negative interdependencies
associated with the focal activity. Second, there must
a meaningful level of rigidity in the firm’s activity
system. Third, positive interdependencies lost from
eliminating an activity must be at least as large as
any costs that can be instantaneously eliminated from
refocusing. The first two conditions are, of course,
exactly the conceptual constructs we develop from
the general theory and test in our hypothesis tests. If

Table 1 Summary Statistics

Correlations 1 2 3 4 5 6 7

Ship-week level variables 4n = 5811075
1 Yit = Tons of fish
2 Refocus 0006
3 Kit = Ship storage capacity 0087 0015
4 Trips 0049 0000 0051
5 Multi-activity 0041 0038 0048 0008
6 Ban −0013 0065 −0009 −0001 −0010
7 Switches 0041 0022 0049 0002 0055 −0005

Mean 273 0018 609 3041 0060 0034 −0007
Standard Deviation 330 0038 625 1074 0049 0047 0032
Minimum 0001 0000 8032 1000 0000 0000 −0029
Maximum 3,120 1000 6,078 7000 1000 1000 7064

Mean SD Min Max

Ship level variable 4n = 110225
Ship storage capacity (m3) 182080 152070 8030 868030

Firm level variables 4n = 4535
Multi-activity 0041 0049 0000 1000
Number of ships 2041 4028 1000 61000

either of the first two conditions were violated, the
theory would not apply to the empirical context, and
we would not find the results we predict. The third
condition is a context-specific condition that makes
the analytical model tractable. Violation of the third
condition would not invalidate the theory but would
lead us to reject the hypotheses. Next we test each of
these conditions explicitly in our empirical context.

5. Data and Measures
5.1. Data and Sample
Our data come from the Peruvian Ministry of Pro-
duction’s fishing system proprietary database on fish-
ing ships and fishing activity from 1999 to 2005. The
ministry collects mandatory daily reports on each fish
purchase and transaction in the country, covering all
fishing trips and catch sizes by species and weight for
each fishing ship in the Peruvian Pacific Ocean. The
ministry also records ship characteristics, such as ship
storage capacity and company affiliation for each fish-
ing boat. Our tests are based on weekly data on the
weight and type of all fish for fishmeal caught during
anchovy season from the full set of 1,022 ships from
453 firms that reported fishing for fishmeal at least
once during the sample.

The unit of analysis for the empirical tests is
the ship-week for a single activity: anchovy fishing.
Table 1 provides summary statistics on ship-week,
ship and firm variables, as well as the correlations
between the ship-week variables employed in the
analysis. The table reveals substantial heterogeneity
in productive factors and firm boundaries, which
underscores the importance of using microdata when
studying the effect of firm scope on performance
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(Villalonga 2004). The average weekly tonnage of fish
caught by a ship in our sample is 274 tons, and the
standard deviation is 329 tons, though distribution of
catches is very broad: from 0.04 to 3,120 tons. There is
also substantial heterogeneity in the holding capacity
of the ships in our data set. The mean hold of a ship is
183 m3, but the broad average includes small fishing
boats with 8 m3 holds to enormous ships with 868 m3

of storage capacity. Ships in our data go on 3.41 fish-
ing expeditions (“trips”) per week on average. At the
firm level, the smallest firms have but one ship, the
largest have 61 ships, and the average firm operates
2.4 ships. Of the firms, 41% were multi-activity firms,
in the sense they had at least one ship that fished
for mackerel for fishmeal in the pre-ban period. The
variance inflation factor of the independent variables
employed in the regression analysis is 2.73 or smaller,
suggesting that multicollinearity is not a concern in
our design.

We estimate the impact of a reduction in firm scope
on activity-level performance using a difference-in-
differences estimator. This methodology compares the
within-ship changes in productivity of ships in multi-
activity firms, before and after the mackerel ban,
against within-ship changes in productivity of single-
activity firms, controlling for secular changes in pro-
ductivity at a very granular (weekly) level. Across
many industries, under certain assumptions, changes
in productivity map directly to changes in profitabil-
ity; for example, when firms are price takers and pro-
duction is characterized by constant returns to scale,
productivity maps directly to profitability. In anchovy
fishing for fishmeal, the link between productivity
and profitability is direct, because companies sell an
undifferentiated product at a market price that they
cannot influence given the atomized industry struc-
ture. Analytically, the link between productivity and
profitability can be easily seen by defining the profit
function with two parameters that link profitability
and productivity to the firm scope and to the peri-
ods before and after the ban. Profit � for an input
and output price-taking firm j , in business-segment
s = 8anchovy1mackerel9, can be represented by

�j = 4pa−ca5Yja4�1�5+4pm−cm5Yjm4�1�5−F 4Kj51

Yjs =Ajs4�1�5K
�k
js L

�l
js 1

(2)

where Y is output in tons, subscripts a and m index
anchovy and mackerel operations; F > 0 is the (unob-
served) fixed cost of operations, where fixed costs are
increasing in total capital deployed 4K5. The market
price per ton p > 0 and the marginal cost of harvest-
ing an additional ton c > 0 convert physical output
into gross profit, where physical output Y is gener-
ated by a production function that transforms capi-
tal 4K5 and labor 4L5 using technology (A), which can

be interpreted as total factor productivity in quanti-
ties (TFPQ).3 The two key parameters � = 80119 and
� = 80119 index when the firm is operating—before
or after the ban—and whether the firm is a single- or
multi-activity entity, respectively, thus fully capturing
the impact of positive and negative interdependencies
as discussed earlier.

It is clear from expression (2) that when firms are
price takers, as they are in our setting, all the varia-
tion in activity-level profitability within and between
firms must flow through the production functions
or through fixed costs. If production and fixed costs
exhibit constant returns to scale (CRS), then changes
in TFP completely characterize changes in profits in
expression (2). We verify that the anchovy production
function is approximately CRS at the firm and ship
level, but acknowledge that we have no way of know-
ing if the CRS assumption might be violated with
respect to other fixed costs that we do not observe.
However, even if fixed costs do not exhibit CRS pre-
cisely, the mapping between our conceptual measure
(profitability) and our empirical measure (produc-
tivity) of activity-level performance appears to be
quite close.

For the purposes of testing for the effects of a change
in activity scope on interdependence effects, produc-
tivity-based measures of performance will generally
be superior to market- and accounting-based mea-
sures of activity-level performance, because produc-
tivity-based measures filter out accounting allocations
and market fluctuations. In certain other contexts,
particularly in cross-sectional comparisons of produc-
ers of differentiated goods, productivity will not be
as useful compared to accounting-based measures.
Also, because productivity is backward looking, rather
than forward looking, it is not very informative about
future expectations, as are market-based measures of
performance (e.g., Markides 1992). However, because
the theory makes predictions about contemporaneous
operating effects of interdependence, stock-market-
based measures of performance, which conflate cur-
rent profitability with future expected profitability,
would not be ideal for testing our theory.

Our main sample frame begins on January 1, 1999
and continues through December 31, 2003, so that
we have 44 months of pre-ban observations and 16
months of post-ban observations on which to base our
statistical estimates. We only consider weeks during

3 TFPQ is similar, but superior to, revenue-based measures of total
factor productivity TFP, which may be biased by heterogeneity in
prices (e.g., as in the production of differentiated goods). Our esti-
mates of outputs (Y = tons of fish) and inputs (K = capacity× trips)
are in quantities; thus, we are estimating the impact of a reduction
in firm activity scope on changes in TFPQ. We describe the TFPQ
estimation approach in more detail in an appendix.
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the anchovy fishing season, determined by the Peru-
vian government, totaling 139 weeks. We explored a
number of alternative sample frames including using
symmetric pre- and post-ban periods, and found that
our results were robust to a pre-ban period of any
length. As we describe in §7.1, increasing the post-ban
sampling period does not change the statistical signif-
icance of our results but does influence the economic
magnitude of the effect over time, consistent with our
conceptual framework.

5.2. Baseline Measures
The dependent variable in our analyses is the log
of tons of fish (anchovy) caught per week by ship,
which is reported directly to the ministry.4 Our
main explanatory variable is a dichotomous time-
varying firm-level variable REFOCUS, which captures
whether the ban on mackerel fishing forced a firm j
to reduce the scope of its operations in week t.5

REFOCUSjt ≡ BANt ×MULTIj , where BAN is equal to
one in all periods following the mackerel ban, and
zero before the ban, and MULTI is equal to one if
firm j had at least one boat that fished for mack-
erel for fishmeal before the ban, and is zero other-
wise. The operational scope of the firm in this study is
based on activities performed in the extraction phase
of the industry, as opposed to vertical scope between
upstream extraction and downstream marketing and
distribution processes, where interdependencies are
arguably less tacit, and therefore less affected by
changes to extraction processes. Our modeling choice
for defining scope based on horizontal activities is
also in line with fisheries research (e.g., Duarte 1992).

In addition to ship, time (week), and location
fixed effects, our other key control variable is capi-
tal deployed k per ship i, per week t, where kit =

log(ship-specific storage capacity × number of fishing
trips the ship takes per week). By controlling for the
number of fishing trips per week in our measure of
capital, our measure of productivity is robust to vari-
ation in the intensive margin of asset utilization and
captures only the performance of the essential activity
of interest: the efficiency with which ships extract fish.

To measure the time path of productivity effects,
we create categorical variables for each of the seven

4 Fishmeal and fish oil can include more than 35 different species
of fish, such as catfish, Pacific menhaden, and flying fish. However,
during anchovy season, anchovy represents more than 95% of all
catches (by weight). We measure productivity in anchovy fishing
during anchovy season. Our results are robust to including other
species in our measure of output.
5 The choice of a dichotomous time-varying variable to study firm
scope is rooted in prior research on diversification (e.g., Villalonga
2004). We also employed a continuous variable capturing the
degree to which each firm was active in mackerel fishing, and
we found that our modeling choice was robust to that alterna-
tive proxy.

anchovy fishing seasons from the date of the ban
(September 2002) until the end of 2005, where sea-
sons are defined by the Peruvian fishing authority. We
interact the season dummies with REFOCUS to cap-
ture the marginal effect of the ban on productivity
over time by season. Later we discuss the mea-
sures associated with the (context specific) mecha-
nisms operating behind the key effects we identify.

6. Empirical Specification
Because firms choose the scope of their activities,
a well-identified test of the impact of a change in
firm activity scope on performance requires exoge-
nous variation in the scope of the firm. We are fortu-
nate to have such a shock in this study in the form
of the mackerel ban of 2002 that led to a reduction
in the number of species firms could extract from the
sea. The Peruvian regulatory ban completely elimi-
nated mackerel fishing for fishmeal in September 2002.
Thus, our “treatment” group is the set of firms that
were formerly multi-activity firms—firms that fished
for both anchovy and mackerel. Because mackerel and
anchovy are extracted in serial, rather than in par-
allel, in our context, the reduction in scope primar-
ily influenced intertemporal interdependencies.6 Our
“control” group is all other firms that remain focused
on a single activity—anchovy fishing—throughout
the sample, which allows us to control for secular
changes in productivity with a difference-in-differ-
ences approach. Controlling for secular effects is
particularly important in this study because of our
focus on intertemporal interdependence; biomass lev-
els can vary dramatically from season to season and
even week to week, generating noise that could eas-
ily swamp the information in a simple event-study
research design.

Our first hypothesis predicts that a reduction in
firm activity scope will lead to a drop in the produc-
tivity of the firm’s remaining activities when there are
positive interdependencies between activities. To test
Hypothesis 1, we develop an econometric model of
scope and performance that captures the effect of a
reduction of firm activity scope on productivity, rel-
ative to changes in the productivity of other firms
that were not directly affected by the shock, where i
indexes ships, and t indexes weeks, y is log tonnage
of fish extracted from the ocean, k is the log of the
ship’s capacity (storage capacity × trips/week), � is a

6 Intertemporal interdependencies are interdependencies over time,
as opposed to simultaneous interdependencies. For example, in a
production process some activities require simultaneous coordina-
tion (e.g., holding wood while cutting it) and some require serial
coordination (e.g., painting the wood after cutting it). In our con-
text, we focus on serial coordination issues.
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ship fixed effect, T is a week fixed effect, and G is a
fishing zone location fixed effect.

We estimate the effect of a reduction in firm scope
on activity-level performance based on the stan-
dard approach for measuring total factor productiv-
ity. However, importantly, we do not observe labor
in our data, which would be a serious limitation in
many industries. Fortunately, in the Peruvian fish-
ing industry, according to our interviews with ship
captains and industry executives, the minimum num-
ber of workers per ship is fixed by regulation based
on the physical characteristics of the ship, and in
practice ships tend not to carry more workers than
required by law. Thus, in this context, ship-level pro-
duction is a classic Leontief case—within-ship capi-
tal and labor are used precisely proportionally over
time—assuaging concerns about measurement error.
Therefore, for any given ship, we can rewrite our
activity-specific production function as

y = a+�kk1 (3)

where y is the natural logarithms of the tonnage of
anchovy extracted, k is the natural logarithm of capi-
tal deployed, and a represents TFPQ.

We estimate the percentage change in a firm’s
activity-level productivity from a reduction in activity
scope, using a difference-in-differences estimator by
including 1,022 ship fixed effects �i, 139 week fixed
effects Tt , and four location fixed effects Git , along
with the explanatory variable REFOCUSjt , as in

yit = �+�kkit +�RREFOCUSjt

+ Sit +�i + Tt +Git + �it0 (4)

To distinguish changes in firm activity scope from
changes in firm size (e.g., Henderson and Cockburn
1996), we include time-varying size quintile dummies
Sit in the specification, based on the number of ships
each firm has each fishing season, though in practice
we find that firm size controls have little impact on
the results. Standard errors are robust and clustered
at the firm level.

Productivity is highly volatile over time, even
within-ship, based on the natural variation in the
abundance of the sea, but the average residual over
time �it must be zero for all ships. Thus, the coeffi-
cient on REFOCUS, �R, in (4) estimates within-ship
changes in productivity from a reduction in firm
activity scope relative to within-ship changes in pro-
ductivity in firms that did not change their scope.

Specification (4) controls for all sources of time-
invariant ship-level heterogeneity and also for
changes in the intensive margin within-ship (i.e., vari-
ation in weekly ship utilization), all factors that influ-
ence ship productivity in common over time (i.e.,
time-varying marginal productivity of capital and

labor) perhaps because of weather and the abundance
of fish in the sea at a point in time or in a particu-
lar location. Thus, �R can be interpreted as the per-
centage change in the real productivity of a firm’s
anchovy extraction activities because of the elimina-
tion of its mackerel extraction activity, which is pre-
cisely the empirical measure we want to test our
theory. However, one minor drawback of this estima-
tion approach is that, mechanically, firm productivity
cannot increase for one group (e.g., the multi-activity
firms) unless it falls for another group (e.g., focused
firms), because productivity is measured as a group-
level difference, net of ship and time-specific effects.

An alternative specification is needed to estimate
the persistence of a negative productivity shock fol-
lowing refocusing. To test the second hypothesis, we
extend specification (4) by including the full set of
REFOCUS × SEASON dummies in our rigidity tests.
By construction, the REFOCUS × SEASON dummies
capture the time path of organizational rigidity and
adaptation after the ban.

Our empirical approach deals with measurement
error and the endogeneity of firm scope, which have
been major barriers to progress in studies of scope
and performance. Indeed, our tests form a valid basis
for causal interpretation of whether the effect of the
change in scope operates through a decline in TFPQ,
the marginal productivity of capital (i.e., of each trip),
and/or the marginal productivity of labor in formerly
multi-activity firms relative to single-activity firms.
Because our main interest is with the effect of the
change in scope on activity-level performance, any
or all of these channels satisfy our theory. However,
it is particularly important to understand whether
changes in the marginal productivity of capital are
economically meaningful in this context. For exam-
ple, if former multi-activity firms shifted their fleet
distribution strategy away from taking long trips that
filled up ships to capacity with anchovy before the
ban, toward taking many short trips that resulted
in less-than-full capacity catches after the ban, �R

will overstate (negatively) the true economic impact
of the change in scope because of the relationship
between capacity utilization (catches/trip) and �R.
On the other hand, if the ban results in less effi-
cient searching for anchovy in formerly multi-activity
firms, �R will appropriately capture both a decline in
TFPQ, and a real economic decline in the marginal
productivity of capital, caused by the reduction in
firm scope.

We take three approaches to disentangle changes
in real productivity from measured changes in pro-
ductivity. First, we control for weekly changes in the
marginal productivity of capital directly in a specifica-
tion reported in the second column of Table 2. Second,
we exploit the fact that anchovy is subject to frequent
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temporary (e.g., a few days long) fishing moratoriums
determined by the Peruvian government during the
fishing season (Estado Peruano 1992). In an additional
specification, we instrument for the number of trips
component of kit using the number of unrestricted
anchovy fishing days in each geographical location
in each week. This instrument is exogenous to the
actions of a given ship or firm, and it satisfies the
exclusion restriction because regulatory restrictions
on anchovy are imposed based on biological consider-
ations (e.g., early spawning, late migration, etc.) that
should be otherwise uncorrelated with the marginal
productivity of a trip relative to other ships. Although
the instrument only varies at the fishing zone-week
level, not the ship-week level, it can be expected to
generate a strong first stage because the off-season
prohibitions on fishing for anchovy-led firms to max-
imize ship utilization (i.e., productive fishing time at
sea) during the fishing season. To wit, fishermen call
anchovy season “the Olympic race” because of the
frenzied activity that begins with the opening of the
season. Therefore, the temporary moratoriums should
be a binding constraint with respect to ship utiliza-
tion, and firms should utilize their ships more heav-
ily in the absence of such restrictions. Finally, we
examine the change in the number of trips per ship
to infer whether trip durations lengthen or shorten
after the ban for formerly multi-activity firms relative
to single-activity firms. This last test is particularly
important because if trips lengthen after the ban, it
not only gives us a clearer picture of real productivity
effects, it also gives us some insight into the mecha-
nism behind organizational rigidity. Longer trips dur-
ing the fishing season imply lower ship utilization
per unit of time, during a period when time is of the
essence, suggesting that formerly multi-activity firms’
ship distribution practices are a key source of rigidity.

7. Results
7.1. Baseline Results
Figure 3 previews our baseline results. The plots
show firm anchovy-specific productivity distributions
in kernel densities for multi- and single-activity firms
before and after the ban on mackerel (excluding the
top and bottom 1% of the productivity distribution).
The top panel reveals that before the ban, the pro-
ductivity distribution of firms that fished for both
anchovy and mackerel was very similar to the pro-
ductivity distribution of ships in firms that focused
on a single activity. Following the ban, the relative
position of ships in formerly multi-activity firms has
shifted to the left (downward) relative to ships in
single-activity firms.

Table 2 provides further evidence on the effect of
reducing firm activity scope on anchovy productiv-
ity in multi-activity firms relative to single-activity

Figure 3 (Color online) Scope and Productivity Distributions Before
and After the Ban
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Notes. Kernel density plots of productivity distributions by firm type before
and after the ban on mackerel fishing. Dashed lines represent ships in multi-
activity firms. Solid lines represent ships in single-activity firms.

firms. Column 2.1 shows the pooled cross-sectional
estimate of the ban on ship-level productivity for
firms that were previously multi-activity. The coef-
ficient on REFOCUS, which represents the average
(relative) change in productivity of ships in multi-
activity firms, is −21% and precisely estimated. The
coefficient on kit in this regression is 1.05, which
suggests slight (5%) economies of scale at the ship
level. In column 2.2 we include ship fixed effects to
control for time-invariant ship-specific heterogeneity

Table 2 Interdependence and Productivity 1999–2003

Dependent variable = LogYit =

Log(tons of anchovy caught by ship i in week t)

OLS D-in-D D-in-D D-in-D 2SLS
Model: (2.1) (2.2) (2.3) (2.4)

Refocus − 0 021∗∗∗
−0 020 ∗∗∗

−0 016 ∗∗∗
−0 024∗∗∗

40 003 5 40 003 5 40 002 5 40 003 5
Multi-activity −0000

400035
Log Kit 1005∗∗∗ 1025∗∗∗ 0083∗∗∗

400015 400015 400015
Log Kit × Week f.e. N Y N N
Firm size quintiles Y Y Y Y
Ship fixed effects N Y Y Y
Week fixed effects Y N Y Y
Fish zone fixed effects Y Y Y Y
Adjusted R2 0081 0082 0085 n/a
Sample size 58,328 58,328 58,328 58,328
Number of clusters 453 453 453 886

Notes. Robust standard errors clustered by firm (models 2.1–2.3) or by ship
(model 2.4) are shown in parentheses.

∗∗∗, ∗∗, ∗ = Significant at the 1%, 5%, and 10% levels, respectively.
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and allow the marginal productivity of capital to
vary by week replacing kit with the interaction term
kit × Tt . The coefficient on REFOCUS is similar at
−20% and precisely estimated, though the interpre-
tation is now more robust: REFOCUS represents the
within-ship change in anchovy productivity for for-
merly multi-activity firms relative to single-activity
firms, controlling explicitly for time-varying marginal
productivity of capital. Including ship and year-week
fixed effects in column 2.3 delivers within-ship esti-
mates of changes in productivity for ships in formerly
multi-activity firms relative to single-activity firms
controlling for all sources of common (i.e., weekly)
variation in productivity. Controlling for all sources
of common variation has a slight effect on the coef-
ficient on REFOCUS, which falls to −16% but is still
precisely estimated. To put the economic magnitude of
the effect in perspective, at the ship level, a 16% drop
in productivity translates into approximately a 44-ton
reduction in fish caught per week or 13% of one stan-
dard deviation of output, amounting to about $75,000
in lost revenue per ship per year.

The coefficient estimates on kit in the presence of
ship and week fixed effects can be interpreted as
the average within-ship marginal productivity of an
incremental trip. Unsurprisingly, given the regulatory
restrictions on anchovy seasons, the marginal produc-
tivity of an incremental trip is large at 1.25, which
means a 1% increase in the number of trips leads to a
1.25% increase in catches. Thus, one can see that ship
utilization is a choice variable only in a limited sense.
If the marginal trip is valuable, firms will attempt
to maximize capital utilization, and any failure to do
so should properly be considered a real performance
effect. However, our baseline results treat ship uti-
lization as an exogenous control variable; therefore,
the results in column 2.3 can only be interpreted as
evidence of a productivity effect before considering
endogenous capital utilization.

To clarify this issue, column 2.4 shows the results
of a two-stage least squares (2SLS) estimation that
addresses the endogeneity of capital utilization.
Instrumenting for kit using the number of days with-
out restrictions on anchovy fishing in week t by fish-
ing zone reveals that the absence of temporary restric-
tions is a strong predictor of capital utilization. The
coefficient estimate on the instrument is positive and
precisely estimated in the first stage of the 2SLS model
with a t-statistic of 17. The F -statistic is 291 and the
R2 is 0.81, which suggests that the instrument is pow-
erful. After instrumenting for capital utilization, the
coefficient on REFOCUS in the second stage is larger
and significantly different from the baseline estimates
at −24%, and is statistically significant at the 1% level.
The interpretation of the 2SLS result is that firms

responded to the ban by changing their ship distri-
bution practices to be more in line with practices in
anchovy-only firms, which leads to an underestimate
of the causal effect of refocusing on productivity in
column 2.3.

The overall message of Table 2 is that the reduc-
tion in firm activity scope brought about by the ban
on mackerel fishing for human consumption led to
an economically and statistically significant drop in
anchovy productivity in firms that were formerly
multi-activity relative to firms that had always been
focused on anchovy. Because firms chose to enter into
mackerel fishing prior to the ban, we cannot claim
that refocusing would have had the same economic
impact on firms that were never engaged in multiple
activities. However, conditional on fishing for mack-
erel before the ban, the results show that refocusing
hurt anchovy productivity.

The results are easy to interpret in Table 2, because
a single coefficient summarizes how the shock to firm
scope influenced performance on average. As a prac-
tical matter, though, the underlying variation in pro-
ductivity is more nuanced and complicated to display
visually at a more disaggregated level (i.e. compared
to Figure 3), because productivity is only meaningful
within-ship, within-zone, de-trended, relative to firms
of a different type. Nevertheless, Figure 4 represents
one effort to display the data graphically, showing
average weekly “productivity” residuals from a varia-
tion on expression (4) that excludes the REFOCUS and
weekly fixed effects. One can clearly see in Figure 4
that the ban was associated with a stark divergence
in the productivity of ships in multi-activity relative

Figure 4 (Color online) Activity Scope and Productivity Over Time
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Table 3 Rigidity and Adaptation

Dependent variable = Log Yit =

Log(tons of anchovy caught by ship i in week t)

(3.1) (3.2)

Refocus −0 007 ∗∗∗

40 002 5
Refocus × Season + 1 −0 014∗∗∗

40 003 5
Refocus × Season + 2 −0 020 ∗∗∗

40 003 5
Refocus × Season + 3 −0 016 ∗∗∗

40 003 5
Refocus × Season + 4 0 004∗

40 002 5
Refocus × Season + 5 −0 001

40 002 5
Refocus × Season + 6 −0 000

40 003 5
Refocus × Season + 7 0 004

40 003 5
Log Kit 1025∗∗∗ 1025∗∗∗

400015 400015
Firm size quintiles Y Y
Ship fixed effects Y Y
Week fixed effects Y Y
Fishing zone fixed effects Y Y
Adjusted R2 0085 0085
Sample size 87,271 87,271
Number of clusters 453 453

Notes. Robust standard errors clustered by firm are shown in parentheses.
The main effects of the season dummies are absorbed by the week fixed
effect.

∗∗∗, ∗∗, ∗ = Significant at the 1%, 5%, and 10% levels, respectively.

to single-activity firms.7 Figure 4 also shows some
season-specific productivity effects by firm type (i.e.,
multi- or single-activity), which we discuss in more
detail as both a plausible proximate explanation for
the strong rigidity effects we find (in the discussion
in §7.4), and as a potential threat to causal inference
(in the robustness checks, §7.3).

To test whether the negative productivity shock
associated with reducing the activity scope of the firm
attenuates over time, we extend the post-ban treat-
ment period to the end of the data set (in 2005) and
examine how the productivity effects change by sea-
son. Table 3 shows two versions of the test. Col-
umn 3.1 extends our core sampling frame from 1999

7 In the presence of substantial exogenous idiosyncratic period-
specific productivity shocks, the level of the residuals in Figure 4
are uninformative; only the difference between average productivity
residuals is meaningful. Moreover, mechanically, in this specifica-
tion, productivity can only increase for one group if it falls for
another. Thus, Figure 4 does not suggest that productivity increased
in single-activity firms and fell in formerly multi-activity firms,
only that single-activity firms were relatively more productive after
the ban compared to the formerly multi-activity firms.

to 2005 and measures the effect of a scope reduction
on productivity over a longer time period than in
the baseline estimates 1999–2003. Column 3.2 modi-
fies the main specification, unpacking REFOCUS into
interactions of MULTI with seven season dummies,
one for each season after the ban. The results reveal
that the negative productivity shock associated with
reducing the scope of the firm attenuates over time,
falling to −7% from −16% with the addition of two
extra years (column 3.1).

Column 3.2 shows the attenuation effect by sea-
son. In the first three seasons following the ban, the
point estimates of the productivity effect are in the
14%–20% range and precisely estimated; however,
after the fourth season post-ban, the point estimate
of effect of the reduction in firm scope is indistin-
guishable from zero. The sudden improvement in pro-
ductivity in the fourth season may reflect a learning
effect—it took former multi-activity firms some time
to realize their legacy procedures, particularly ship
distribution practices, were outmoded under the new
regulatory regime. Thus, given the empirical context,
it is not surprising that we see nonlinearities in firms’
adaption processes. Furthermore, our main interest
in studying performance dynamics on a season-by-
season basis is simply to establish that organizational
rigidity and negative interdependencies are econom-
ically and statistically important following a reduc-
tion in firm scope; the theory does not make sharp
predictions about the exact time path of rigidity and
adaptation. Still, we would like to further investigate
the particular context-specific mechanisms behind all
three of our key concepts: positive interdependencies,
negative interdependencies, and organizational rigid-
ity. In the next section, we examine two extensions
that shed more light on how activity interdependence
influences productivity after refocusing.

7.2. Mechanisms
Positive informational interdependencies between
anchovy and mackerel fishing suggest a larger decline
in activity-level performance for firms that gath-
ered more information about anchovy while fishing
for mackerel. Counting the number of times firms
switched their operations back and forth between
anchovy and mackerel offers a useful proxy for
how much information firms obtained about anchovy
while fishing for mackerel. We measure the number
of switches by constructing a variable SWITCHESj ,
which is equal to the number of times a firm switched
from fishing for anchovy to fishing for mackerel or
vice versa. To facilitate a straightforward interpreta-
tion of SWITCHES, we normalize the measure to be
mean zero and have a standard deviation equal to
one at the firm level. Supporting the idea of ex ante
positive interdependencies between activities, Table 4,
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Table 4 Mechanisms

Log Yit Log Tripsit
Dependent variable = (4.1) (4.2)

Refocus −0 016 ∗∗∗
−0 015 ∗∗∗

40 002 5 40 002 5
Refocus × Switches −0 014∗∗∗

40 005 5
Log Kit 1025∗∗∗

400015
Firm size quintiles Y Y
Ship fixed effects Y Y
Week fixed effects Y Y
Fishing zone fixed effects Y Y
Adjusted R2 0085 0029
Sample size 58,328 58,328
Number of clusters 453 453

Notes. Robust standard errors clustered by firm are shown in parentheses.
Switches and the importance quartiles are time-invariant firm-level variables
so their main effects are absorbed by the ship fixed effects.

∗∗∗, ∗∗, ∗ = Significant at the 1%, 5%, and 10% levels, respectively.

column 4.1 shows that when firms switched between
mackerel and anchovy more frequently, they experi-
enced larger anchovy productivity declines post-ban.
The coefficient on the term REFOCUS × SWITCHES
is −0.14 and is significant at the 1% level. The inter-
pretation is that a one standard deviation increase in
SWITCHES, or seven to eight additional changeovers
per season per firm, was associated with an additional
14% decline in productivity, relative to a baseline rate
of −16% in all firms that were forced out of the mack-
erel business.

One interesting implication of informational inter-
dependencies between mackerel and anchovy fishing
is that multi-activity firms distributed their ships dif-
ferently than single-activity firms. As noted in our
interviews, instead of sending ships to the most heav-
ily fished waters closer to the shore, multi-activity
firms historically sent ships to smaller, more distant
shoals—shoals they were aware of because of their
mackerel fishing activities—where the fishing boats
faced less competition. If ship distribution processes
were indeed rigid, and therefore likely to follow his-
torical precedent, we would expect that trip lengths
would lengthen for former multi-activity firms, rel-
ative to single-activity firms, because ships in for-
merly multi-activity firms—denuded of asymmetric
information about far-flung anchovy shoals ex post—
would engage in more time-consuming search efforts
after the mackerel ban. Therefore, if ship distribu-
tion practices are an underlying driver of organiza-
tional rigidity, we should see that the number of trips
per ship falls in formerly multi-activity firms rela-
tive to single-activity firms after the ban. Table 4,
column 4.2 shows evidence in favor of a trip-length
mechanism statistically using log trips as the depen-
dent variable. We see that trips per ship per week

Figure 5 (Color online) Multi-Activity Firms and Productivity Season
by Season
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the 5% level are shown in dashed lines.

fell by 15% in multi-activity firms after the ban rela-
tive to single-activity firms. This result suggests that
after losing the information about the location of
anchovy shoals, previously gained when fishing for
mackerel, former multi-activity firms were spending
more time searching for anchovy post-ban, which led
to longer trips. Taken together with the productivity
result that shows increasing returns to utilization dur-
ing the anchovy season, the trip-length effect suggests
that inefficient capital utilization caused by organiza-
tional rigidity at the routine level was an important
part of the reason the ban on mackerel fishing caused
anchovy performance to fall in formerly multi-activity
firms.

7.3. Robustness Checks
At a glance, Figures 4 and 5 both raise the ques-
tion of whether the three seasons of poor perfor-
mance we document for formerly multi-activity firms
is just a spurious correlation with the enactment of
the mackerel ban. The fact that former multi-activity
firms suffered three straight seasons of poor perfor-
mance following the ban when they had not expe-
rienced even two consecutive seasons of negative
differential productivity suggests otherwise. Placebo
tests of the treatment in periods before the ban cor-
roborate this intuition.8 More authoritative economet-
ric evidence that the ban caused the productivity
effect is shown in Table 5, where we introduce ship-
specific linear trends to account for any unobserved
micro-organizational time trends at the moment of the

8 For example, when fictitiously assuming that the shock happened
three seasons before the actual shock, the difference-in-differences
model analogous to model 2.2 fails to have economic or statistical
significance, indicating that a placebo shock has no effect. Other
variations on this test generated similar results.

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

17
.6

] 
on

 1
4 

Ju
ly

 2
02

6,
 a

t 0
7:

42
 . 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y,
 a

ll 
ri

gh
ts

 r
es

er
ve

d.
 



Natividad and Rawley: Interdependence and Performance
Strategy Science 1(1), pp. 12–31, © 2016 INFORMS 27

Table 5 Robustness

Dependent variable = LogYit = Log(tons of anchovy caught by ship i in week t)

No outliers No VI ships Multi-ship firms Ship-specific trends
Model: (5.1) (5.2) (5.3) (5.4)

Refocus −0 017 ∗∗∗
−0 014∗∗∗

−0 018 ∗∗∗
−0 014∗∗∗

40 002 5 40 003 5 40 003 5 40 003 5
Log Kit 1020∗∗∗ 1025∗∗∗ 1025∗∗∗ 1025∗∗∗

400015 400015 400015 400015
Ship-specific trend N N N Y
Firm size quintiles Y Y Y Y
Ship fixed effects Y Y Y Y
Week fixed effects Y Y Y Y
Fish zone fixed effects Y Y Y Y
Adjusted R2 0087 0084 0085 0085
Sample size 57,527 45,661 42,788 58,328
Number of clusters 453 420 203 453

Note. Robust standard errors clustered by firm are shown in parentheses.
∗∗∗, ∗∗, ∗ = Significant at the 1%, 5%, and 10% levels, respectively.

shock. The coefficient estimate is slightly smaller but
is still negative and precisely estimated (column 5.4).
We report a few additional important further robust-
ness tests in Table 5. First, we drop the tails of the
productivity distribution to show that the results are
not driven by outliers (column 5.1). To address con-
cerns about whether the interdependence effect is
actually operating vertically, instead of horizontally
as we have claimed, by changing the productivity of
firms who own downstream fish processing facilities,
we eliminate vertically integrated firms and find a
similar result (column 5.2). As a validity check, we
leave in the sample only multiship firms—the firms
one might expect to be most interdependent—and
show that those are the firms driving the results (col-
umn 5.3). Finally, in untabulated models we find that
the results are also robust to different ex ante sam-
pling windows and changing the design to aggregat-
ing observations at the firm level rather than at the
ship level.

7.4. Discussion
This paper studies the effect of a change in scope
on the performance of interdependent activities per-
formed by fishing boats. Since ships are essentially
floating factories, and in that sense are representative
of a wide range of operating contexts, we expect that
our results will generalize directly to other production
environments. For example, our analysis would be
useful to a bottler considering a scope reduction that
would change the number of filling lines in their bot-
tling plants, or a steel manufacturer facing the ques-
tion of whether to outsource metal cutting activities at
the end of a flat-rolled steel fabrication facility. More-
over, the results are closely related to many other sit-
uations where a firm is considering a reduction in
activity scope, for example, when firms divest assets

and redeploy resources (e.g., Capron et al. 2001).
Casual observation suggests that much of the eco-
nomic activity within most firms exhibits some mean-
ingful interdependence with another activity. Our
approach highlights the role of interdependencies in
firms that reduce their scope by outsourcing, spinning
off, rationalizing, or otherwise eliminating an activity
that is “related” to other activities within the firm.

Although our theory is quite general, it is not uni-
versal. For example, it will not apply when inter-
dependencies between activities are not meaningful,
such as in many conglomerates. Moreover, the effect
of a scope reduction is likely to vary based on firm-
specific characteristics such as resources, capabilities,
and organizational structure. The theory developed
herein does not make explicit predictions about het-
erogeneous treatment effects related to firm-specific
heterogeneity, but both the theory and evidence do
seem to suggest that more interdependence would
lead to larger effects, where “more” could mean more
intensive interdependence, or more points of interde-
pendence. For example, team-based production envi-
ronments, such as manufacturing plants, might tend
to be more interdependent than highly individual-
ized service contexts, such as law firms due to both
intensity and points of interdependence. Similarly, we
might also expect to see more heterogeneity in how
rigidity influences outcomes in environments where
there is more uncertainty about how effort and/or
the mix of inputs translates into output, or where
managers’ cognitive capacity for adaption is more
limited (e.g., due to incentive problems, or extensive
bureaucracy).

Another limitation of our conceptual approach is
that we do not formally derive an equilibrium theory
of scope and performance; rather, we assume scope
decisions will typically be rational and develop our
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theory logically from that precept. However, it is fair
to note that other research on endogenous spin-offs
has attributed a similar empirical pattern to system-
atic managerial mistakes with respect to scope reduc-
tion decisions (e.g., Feldman 2014). Whereas the exo-
geneity of refocusing in our setting rules out scope
reduction mistakes in our empirical context, we do
not claim that these types of mistakes never hap-
pen. Thus, strategy research on refocusing would ben-
efit from endogenizing the decision to reduce firm
scope and formally tying the results of an equilibrium
model of firm scope directly to the impact of interde-
pendencies on contemporaneous performance.

A third limitation of this research is that we only
observe the change in productivity of one activity. It
would be quite interesting for future scholars to study
the impact of a reduction in scope on activity-level
performance in a context where the performance of
multiple interdependent activities could be tracked
over time. Studying a reduction in scope where mul-
tiple interdependencies activities are affected would
allow scholars to better understand how activity-
specific heterogeneity influenced outcomes, which
would help clarify the theory further.

One of the major advantages of our empirical ap-
proach is that we study productivity effects when
firm scope is exogenously reduced. But most deci-
sions to sell a division, or shut down a product line
or a practice, are the result of a choice by a CEO
or a management team, not the result of regula-
tory fiat. Therefore one might reasonably ask, what
can the results tell us about endogenous changes in
firm scope? Our key proposition—that interdepen-
dence simultaneously creates costs and benefits, but
that costs are more persistent when the firm reduces
its scope of activities—will hold whether refocusing
is endogenous or exogenous. Although the empirical
results were obtained in a natural experiment con-
text, the conceptual basis for our proposition, and
all of its implications, apply more generally. The
context-specific prediction that would be difficult to
test empirically, in a context where firm scope was
reduced endogenously, is the idea that shedding an
activity will lead to an immediate reduction in con-
temporaneous performance. Indeed, one might expect
that, typically, performance will improve when a firm
refocuses, precisely because management would not
choose to refocus the firm if they thought it would
harm performance. Yet, even when firms choose to
reduce the scope of their activities, positive interde-
pendencies will be disabled, particularly for segments
of the business that interacted the most heavily at an
operational level with the jettisoned activity, and neg-
ative interdependencies will persist whenever orga-
nizations are rigid at the level of the interdependent
routine. Thus, even when firms endogenously reduce

their scope, the key ideas in this paper apply—of
course, finding the signal in the noise is potentially
more difficult when refocusing is endogenous.

The question about endogenous changes in firm
scope naturally leads to questions about why firms do
not adapt instantaneously, or at least very quickly, fol-
lowing a change in firm scope. Although an in-depth
study of the origins of organizational rigidity is out-
side the scope of this paper, the question is relevant
because the concept of organizational rigidity is cen-
tral to our theoretical framework. We find evidence of
organizational rigidity at the level of the subactivity—
firms did not immediately adapt their ship deploy-
ment practices and took several seasons to regain
their relative pre-shock productivity levels—but we
cannot directly observe in the data why the firms in
our sample are rigid. However, organizational schol-
ars have discussed several different theories on the
origins of organizational rigidity that might apply in
our context, which we discuss next.

The existence of physical, legal, contractual, or reg-
ulatory limitations, which make it impossible or im-
practical for a firm to adapt to an environmental
change, represent one set of potential sources of orga-
nizational rigidity. However, in our context, there
appear to be no physical or institutional reasons why
firms could not have adapted faster. We also con-
sidered two prominent theories of rigidity that focus
on incentives. Kaplan and Henderson (2005) provide
a detailed study of how internal incentive conflicts
within organizations can lead to rigidities, whereas
Hannan and Freeman (1984) discuss how the expec-
tations of external stakeholders motivate managers
to maintain the status quo. Interestingly, our setting
is characterized by an unusual degree of incentive
alignment between owners, managers—who are often
residual claimants on firm profits—and workers—
who are residual claimants at the level of ship’s out-
put, which suggests that incentive issues are unlikely
to be at the heart of the rigidity we observe. Other the-
ories emphasize the role of cognitive limitations, such
as group-think from shared beliefs, that may prevent
managers from adapting appropriately to new situa-
tions (Ocasio 1997), and inefficient local search when
“landscapes” have shifted (Levinthal 1997). A third
source of rigidity might be called imperfect infor-
mation, due to unobservable inputs, outcomes, or
causal ambiguity about the true drivers of the process
through which inputs are transformed into output
(Lippman and Rumelt 1982). Imperfect information
can lead to organizational stasis when the operating
environment is in flux because firms cannot calibrate
their performance properly.

In our view, cognitive limitations and imperfect
information almost surely played some role in the
rigidity of the Peruvian fishing firms. Our interviews
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with fishing executives and ship captains revealed
that most multi-activity firms deployed ships differ-
ently than focused firms for many years, which sug-
gests that deployment practices were probably not the
first subactivity for formerly multi-activity firms to
reexamine after the mackerel ban. Moreover, in the
absence of running regressions of the type in this
paper, it is very difficult, in the short run, for any indi-
vidual firm to know how their relative productivity
stacks up against their competitors. As sophisticated
as some of the firms are about many aspects of their
business, it does not appear that they were analyzing
the data in a way that would have made it obvious
that their relative productivity was lagging. Ships are
heterogeneous, the supply of fish varies tremendously
over time, and locating rich fishing shoals is partly
serendipitous. Thus, it is not surprising that man-
agers would not question whether their deployment
practices were maximally efficient, particularly when
the ships were coming back full of fish. Indeed, our
interviews suggest that firms had to invest time and
money (e.g., by hiring consulting firms) in studying
how they might reoptimize their systems before they
concluded that their fleet deployment practices were
suboptimal. Figure 5 offers some additional sugges-
tive evidence in support of this view. In the figure, we
plot the regression coefficients on REFOCUS season-
by-season for all former multi-activity firms, which
is a graphical representation of the specification of
model 3.2 in Table 3, but with the eight seasons before
the ban included as well. The vertical axis is relative
productivity of ships in formerly multi-activity firms,
where the baseline productivity level is normalized
to zero, compared to the control group of ships in
firms that never engaged in multiple activities. Two
observations are striking from Figure 5: productiv-
ity is volatile, and season-specific productivity effects
are strong. Before the refocusing ban, ships in multi-
activity firms were sometimes better and sometimes
worse than single-activity firms. After the refocusing
ban, former multi-activity firms did poorly for three
consecutive seasons before finding a more stable level
of productivity; but, given the historical volatility in
productivity, it would have been difficult for firms to
infer that their legacy practices were hurting their cur-
rent relative productivity levels. However, we must
caution that the data are not rich enough to distin-
guish definitively between potential explanations for
why firms were rigid.

Although our inability to pin down the sources
of heterogeneity in organizational rigidity more pre-
cisely represents a limitation of this research, it is also
an opportunity for future scholarship. In particular,
one would want to know why some firms are able to
adapt quickly to changes in firm activity scope while
others delay longer.

8. Conclusion
This paper conceptually and empirically shows how
interdependencies influence performance in firms
that reduce the scope of their activities. Using a sim-
ple analytical framework to connect the general the-
ory to predictions that we take directly to the data,
we make use of a shock to firm activity scope in the
form of a regulatory ban on mackerel fishing in Peru
and find that removing an activity (mackerel fishing)
from a firm’s nexus of activities leads to a 16% decline
in the productivity of the firm’s remaining activity
(anchovy fishing) in the short run (1.25 years). The
negative productivity effect attenuates over time, sug-
gesting that while organizations are rigid in the short
run, they are adaptable in the long run. The results
are most pronounced for firms with the strongest
interdependencies between activities. Moreover, rigid-
ity is explicitly tied to a failure to adapt legacy pro-
cesses at the time of the ban, suggesting that activities
are so deeply embedded into organizations that they
become tacit, and are, therefore, difficult to recognize
as a potential source of inefficiency when the external
environment changes.

Taken together, the results provide new insights
into the relationship between interdependence and
firm performance in the context of firm scope.
Whereas firms appear to design their organizational
systems to take advantage of positive interdepen-
dencies between activities, by replacing markets with
hierarchies, the firm also creates negative interdepen-
dencies that will tend to persist over time.

The findings have implications for scholars and
practitioners alike. For strategy scholars interested in
firm scope and performance, one key implication is
that firm boundaries will reflect the benefits and costs
of adapting the firm’s activities. For example, expand-
ing firm scope to take advantage of positive interde-
pendencies will tend to make the firm more vulnerable
to changes in the external environment. For practition-
ers, the study offers a cautionary tale of the dark side
of interdependencies, suggesting that it may be wise
to prepare for the organizational costs of refocusing by
coming to grips with the explicit rationale for interde-
pendencies well before a change is implemented.
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Appendix. Estimating Productivity Effects
The standard production function with two inputs capital K
and labor L is

Y =AK�kL�l 0 (5)

When Y is a revenue-based outcome measure, A is total
factor productivity (TFP) when physical output measure A
is total factor productivity in quantities (TFPQ).9 Holding
the ratio of capital and labor fixed10 and taking logs, we can
rewrite (5) as

y = a+�kk1 (6)

where variables written in lower case letters in (6) are the
natural logarithms of variables written in capital letters
in (5); for example, a represents TFPQ.

If the marginal productivity of capital is constant over
time for any given asset i, one can separately estimate
the time-invariant and time-varying components of TFPQ.
For example, to estimate the time-invariant component
of TFPQåi, and time-varying component of TFPQ�it ,
TFPQit =A8åi+�it 9, one can estimate the following:

yit = �+�i +�kkit + eit1 (7)

where t indexes time, �i ≡åia, eit ≡ �ita, and � is a constant.
Breaking TFPQ down further into time-invariant å,

time-specific �1 location-specific â , scope-related �, scale
related è, and idiosyncratic � components, we have

TFPQit =A8åi+�t+âit+�jt+èit+�it 91 (8)

where j indexes firms.
We can estimate each component of TFPQ in (8) just as

we did in the two-component case (7) using

yit = �+�kkit +�i +Tt +Git +Sit +�RREFOCUSjt +�it1 (9)

9 TFPQ is similar to, but superior to, revenue-based measures of
total factor productivity (TFP), which may be biased by heterogene-
ity in prices (e.g., as in the production of differentiated goods). Our
estimates of outputs (Y = tons of fish) and inputs (K = capacity ×

trips) are in quantities. Thus, we are estimating the impact of a
reduction in firm activity scope on changes in TFPQ.
10 Our interviews with ship captains and industry executives con-
firmed that ship-level production is Leontief in the Peruvian fish-
ing industry. The minimum number of workers per ship is fixed
by regulation based on the physical characteristics of the ship,
and in practice ships do not carry more workers than required
by law. Thus, within-ship capital and labor are used precisely
proportionally.

where, in our context, �i ≡ åia is a time-invariant ship-
specific effect, Tt ≡ �ta is a week fixed effect, Git ≡ âita
is a location fixed effect, Sit ≡ èita, MULTIjt ≡ �jta cap-
tures the effect of a reduction in scope on productivity,
� is a constant, and �it ≡ �ita measures unexplained vari-
ation in TFPQ. Equation (9) is the same as our empirical
specification (4).
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