NBER WORKING PAPER SERIES

GOOD DISPERSION, BAD DISPERSION

Matthias Kehrig
Nicolas Vincent

Working Paper 25923
http://www.nber.org/papers/w25923

NATIONAL BUREAU OF ECONOMIC RESEARCH
1050 Massachusetts Avenue
Cambridge, MA 02138
June 2019

This paper previously circulated under the title "Do Firms Mitigate or Magnify Misallocation?
Evidence from Plant-level Data.” We thank seminar participants at PSE, EIEF, Banco de Mexico,
CREI, Birmingham, Wharton, Bonn, Duke, Oxford, Penn State, the Dutch Central Bank, the
Bank of Finland, the NBER EF&G meeting, the NBER Summer Institute, the Barcelona Summer
Forum, the SED Annual Meeting, the 12th Macro-Finance Society Workshop and the BI
Conference on Asset Pricing Research as well as Andrew Abel, Klaus Adam, Christian Bayer,
David Berger, John Cochrane, Russ Cooper, Xavier Giroud, Joao Gomes, Frangois Gourio, John
Haltiwanger, Hugo Hopenhayn, Pete Klenow, Ben Moll and Michele Tertilt as well as our
discussants Gordon Phillips, Virgiliu Midrigan, Ilan Cooper, Vincenzo Quadrini and Cian Ruane
for helpful comments and discussions. Any opinions and conclusions expressed herein are those
of the authors and do not necessarily represent the views of the U.S. Census Bureau or the
National Bureau of Economic Research. All results have been reviewed to ensure that no
confidential information is disclosed.

NBER working papers are circulated for discussion and comment purposes. They have not been
peer-reviewed or been subject to the review by the NBER Board of Directors that accompanies
official NBER publications.

© 2019 by Matthias Kehrig and Nicolas Vincent. All rights reserved. Short sections of text, not to
exceed two paragraphs, may be quoted without explicit permission provided that full credit,
including © notice, is given to the source.



Good Dispersion, Bad Dispersion
Matthias Kehrig and Nicolas Vincent
NBER Working Paper No. 25923
June 2019

JEL No. E2,G3,L2,04

ABSTRACT

Dispersion in marginal revenue products of inputs across plants is commonly thought to reflect
misallocation, i.e., dispersion is "bad.” We document that most dispersion occurs across plants
within rather than between firms. In a model of multi-plant firms, we then show that dispersion
can be "good": Eliminating frictions increases productivity dispersion and raises overall output.
Based on this framework, we argue that in U.S. manufacturing, one-quarter of the total variance
of revenue products reflects good dispersion. In contrast, we find that in emerging economies,
almost all dispersion is bad and the gains from eliminating distortions are larger than previously
thought.

Matthias Kehrig

Department of Economics
Duke University

237 Social Sciences, Box 90097
Durham, NC 27708

and NBER
matthias.kehrig@duke.edu

Nicolas Vincent

HEC Montreal

Institute of Applied Economics

3000, chemin de la Cote-Sainte-Catherine
Montréal (Québec), H3T 2A7

Canada

nicolas.vincent@hec.ca



1 Introduction

A considerable body of recent research has documented a large, persistent and ubiquitous degree
of productivity dispersion across production units, leading to a revival of interest in the causes
and consequences of resource misallocation. In their seminal work, Hsieh and Klenow (2009) argue
that resource reallocation in China or India that would render dispersion similar to that in the
United States would yield substantial aggregate output gains. Multiple papers have since expanded
and refined their methodology. Yet the common view in this literature remains that a high level
of productivity dispersion is a sign of resource misallocation and therefore reduced welfare; i.e.,
dispersion is “bad.”

We challenge this interpretation: We show that relaxing some frictions can in fact increase the
dispersion of marginal revenue products of inputs. In other words, dispersion is “good” in the sense
that it signals a better allocation of resources. Building on a novel quantitative model, we then
show that a sizable share of empirically observed productivity dispersion can be attributed to this
good dispersion. As a result, we argue that previous work may have substantially miscalculated the
gains from lowering productivity dispersion.

While our conclusions are broad and could be applied in other contexts, we focus on the role
of multi-plant firms in shaping economy-wide productivity dispersion. This setting is particularly
relevant for two reasons.

First, even if the literature has historically made little distinction between them, firms and
plants are fundamentally different institutions. While firms compete for resources in markets, they
act as planners in allocating these resources across their plants. This latter allocation activity is
economically predominant: For instance, multi-plant firms account for most of aggregate output
and investment in the U.S. manufacturing sector.

Second, using plant-level data from the U.S. Economic Census, we document that almost two-
thirds of the overall dispersion in marginal revenue products of capital originates across plants
operated by the same firm rather than between firms. This novel empirical finding highlights the
importance of paying attention to the role played by the allocative decisions of firms. It also poses
a theoretical challenge: Why do firms tolerate surprisingly high levels of dispersion in marginal
revenue products across their plants and forgo seemingly large output gains? Why do they not
reallocate resources across their plants in order to reduce within-firm productivity dispersion? Does
the firm allocate resources less efficiently than markets? Understanding how firms work differently
from markets may therefore shed new light on the causes of resource (mis)allocation.

To answer these questions, we first consider a simple conceptual model and show that the
relationship between frictions, misallocation and dispersion is non-monotonic: We highlight situa-
tions in which relazing a friction or constraint leads to increased output, despite generating higher

dispersion of marginal products of inputs. In this context, more dispersion is “good.”



To quantitatively assess the importance of this good-dispersion margin, we then build a rich
quantitative model of capital allocation for a multi-plant firm that faces various constraints. Beyond
its multi-plant nature, our framework is standard and embeds many frictions and imperfections that
have been suggested in models of investment (see Caballero (1999) for an overview). It includes
“technological” frictions, such as a fixed investment adjustment cost and capital irreversibility (see,
among others, Abel and Eberly (1994), Caballero, Engel, and Haltiwanger (1995), Doms and Dunne
(1998), Cooper and Haltiwanger (2006) and Gourio and Kashyap (2007)), which are more relevant
at the level of the plant, as well as external financing constraints (see, among others, Fazzari,
Hubbard, and Petersen (1988) or Gilchrist and Himmelberg (1995)), which affect the firm as a
whole.! In our model, the firm organizes internal and costly external financing across plants that
face both fixed and convex costs of adjustment. The model is calibrated using moments from the
Annual Survey of Manufactures collected by the U.S. Census Bureau and standard parameter values
in the literature.

Using our model simulations, we then address the key question of our study: Can higher dis-
persion be associated with a more efficient allocation? In our setting, the answer is unambiguously
“yes.” To provide a quantitative assessment of this good dispersion, we compare the dispersion of
marginal products of capital as well as aggregate quantities in two economies: one in which multi-
plant firms can pool resources and allocate them freely across their production plants, and one
in which these internal capital markets (ICM) are shut down due to frictions, forcing the firm to
effectively operate its plants as standalone units. As expected, we find that allowing for functional
internal capital markets leads to higher aggregate capital and output, to the order of about 4%
and 3%, respectively. More surprisingly, this more efficient allocation of resources is accompanied
by a variance of the marginal products of capital that is 32% higher than in the economy with
standalone plants.

While this non-standard relationship between economic activity and dispersion may seem sur-
prising, the forces behind it are intuitive: When firms are constrained in their access to external
funds, they leverage internal capital markets and focus investment on only a few plants even if the
expected rate of returns of all plants are identical. This optimal investment policy then leads to a
rise in the dispersion of both investment rates and marginal revenue products of capital within the
firm. In addition, these firms exhibit less correlated investment rates across their plants than their
unconstrained counterparts. Using plant-level data from the U.S. Annual Survey of Manufactures,
we find empirical support for these predictions at the micro level.

Our quantitative exercises suggest two things. First, the interaction of plant- and firm-level fric-
tions is quite powerful in generating substantial within-firm heterogeneity and dispersion in general.

Second, the dispersion of marginal revenue products of capital is not necessarily an indicator of

'Gomes (2001), Khan and Thomas (2013) and Eisfeldt and Muir (2016) are examples of papers that combine real
and financial frictions in a unified model of a firm operating a single plant.



misallocation or inefficient investment policies; it could be the outcome of constrained-efficient de-
cisions that are, in fact, welfare improving. In our setting, they are the by-product of the firm’s
effort to mitigate external financial frictions. Hence, we view our results as a cautionary tale about
the risks of interpreting higher productivity dispersion as a sign of resource misallocation.

Our findings have potentially important implications for the literature on resource allocation.
Starting with Hsieh and Klenow (2009), a large literature has studied productivity dispersion across
plants without considering the positive aspects of dispersion in marginal revenue products described
above. Bayer, Mecikovsky, and Meier (2015) distinguish the long-term from the temporary com-
ponents of dispersion, while Buera, Kaboski, and Shin (2011), Khan and Thomas (2013) and Moll
(2014) have studied the impact of financial frictions on misallocation, usually ignoring their effects
within firms that operate several plants. In related work, Midrigan and Xu (2014) study the effects
of financial frictions on firm entry and factor misallocation across firms. While we abstract from the
entry channel, a modified version of the latter effect is present in our analysis, albeit in a framework
in which financially constrained firms operate several plants and can overcome external financial
frictions by internally reallocating financial resources.

In an additional quantitative exercise, we show that Hsieh and Klenow (2009) may in fact have
underestimated the gains from reallocation in emerging economies such as India or China. When
we make the U.S. economy more comparable to that of emerging economies by populating it with
single-plant instead of multi-plant firms, dispersion in the U.S. is even smaller relative to that of
India. This, in turn, implies that output losses from a distorted resource allocation are arguably
higher than initially estimated. A quantitative exercise suggests that previous work may have
missed between one-tenth and one-third of the output benefits from reallocation because it ignored
the beneficial effects of reallocation within firms.

Ultimately, we also see our project as a first step toward modeling how the organizational struc-
ture of a firm may impact the micro-level adjustment of capital, as well as understanding the role
of firms for efficiency. While most research ignores the within-firm dimension of decision making,
some theoretical research has been done on the efficiency of internal versus external capital markets:
Stein (1997) and Malenko (2016) study mostly principal-agent problems between a firm’s owner
and manager in a single-plant setup. Whether internal capital markets are more or less efficient
is theoretically ambiguous: Gertner, Scharfstein, and Stein (1994) show that division managers
may exploit imperfect monitoring by firm headquarters to build up “inefficient empires.” On the
other hand, Scharfstein and Stein (2000) argue that firms are likely to monitor investment spending
better than outside financiers, thus improving capital allocation. Eisfeldt and Papanikolaou (2013)
stress the importance of organizational or intangible capital at the firm level in order to understand
a firm’s productivity, albeit without the multi-plant dimension we are interested in. With the
exception of Lamont (1997), Schoar (2002), Giroud (2013), Matvos and Seru (2014) and Giroud

and Miiller (2015), empirical research on within-firm dynamics is scarce and often limited to study-



ing major business divisions of conglomerates. An exception is Giroud and Miiller (forthcoming),
whose work is closely related to ours. They show empirically how local shocks propagate through
the firm’s internal organization, and that the reaction of other establishments is only significant
if the parent is financially constrained. Finally, while we take the organizational structure of the
firm as given, Sevéik (2015) considers the endogenous formation of multi-plant firms (which he calls
“business groups”).

Our paper is organized as follows. In Section 2, we show evidence on the importance of the
within-firm dimension for the dispersion of marginal revenue products of capital and investment;
then we illustrate theoretically how relaxing frictions within a firm may increase rather than decrease
dispersion. Section 3 describes our multi-plant model of a firm that faces an external financing con-
straint. Section 4 conducts various quantitative exercises geared toward understanding the nature
of productivity dispersion and provides supporting evidence. Section 5 presents an application to
the setting in Hsieh and Klenow (2009), and Section 6 concludes.

2 Motivation

In this section, we motivate both empirically and theoretically our subsequent quantitative work.
As discussed in the introduction, many studies have documented the ubiquitous presence of a large
and persistent dispersion of marginal revenue products of inputs across production units. We first
show empirically that in U.S. manufacturing, the majority of the dispersion in both (log) marginal
revenue products of capital (mrpk) and investment rates (i/k) occurs across plants within firms
rather than across firms. In the standard economic models generally used in the literature on
misallocation, reallocating capital from low-mrpk to high-mrpk plants through investment activity
reduces mrpk dispersion and increases aggregate output.? Yet as we show with the help of a simple
framework in Section 2.2, the opposite may be true: Relaxing frictions within firms may lead to
more dispersion of the marginal revenue products of capital. In the quantitative model of Section 3,
we show that our empirical finding could be interpreted as the outcome of an improved allocation

rather than as evidence of a suboptimal allocation of resources within the firm.

2.1 Empirical motivation: Dispersion within and across firms

Data sources and variables of interest Our data source is collected by the U.S. Census Bureau
in the Annual Survey of Manufactures (ASM), which is an annual dataset covering manufacturing

businesses described in detail in Appendix A.2. The Census Bureau collects its manufacturing data

2For details on the assumptions underlying this, see Appendix A.1. Based on Hsieh and Klenow (2009), the
misallocation literature usually postulates equalizing revenue total factor productivity (T'F PR). Like Asker, Collard-
Wexler, and De Loecker (2014), we focus on the capital allocation problem and hence equalizing mrpk. In that
context, investment should not necessarily flow toward units with the highest TF PR if they already operate a large
capital stock; it should flow to units with the highest expected capital return.



at the level of an “establishment,” which is defined as a physical business unit at a single location
for which the primary activity is production. In this paper, we generally refer to establishments as
“plants.” Each plant also carries information about its parent firm, which is defined by Census as a
collection of plants under common ownership or control.

Following the literature, we assume a Cobb-Douglas production technology, which is common
for all plants in a 4-digit NAICS industry, and approximate the marginal revenue product of plant
n in year ¢ with its real value added per unit of capital.?> We study the variance of its logarithm,
Vi (mrpk,,) =V, log MRPK,,) =V, (10g(y,,+/kn:)), within a 4-digit NAICS industry and aggregate
industries using value-added weights, as detailed in Appendix A.5.

Dispersion in U.S. manufacturing First, overall dispersion in marginal revenue products
across plants is large, as shown in Table 2. In the average industry and year, the standard de-

viation of its logarithm is 0.9. This means that a plant that is one standard deviation above the

0.9

mean produces e”” &~ 2.5 times the value added as the average plant with the same capital stock;

the difference between the plant at the 90th percentile and that at the 10th percentile even implies

an €212 ~ 8.3-fold value-added difference given the same capital stock.

Table 1: Cross-sectional moments of capital and investment

Variable Cross-sectional moments
Mean StD IDR Skew-  Kelley  Excess
ness Skewn. Kurtosis
mrpk 0.905 2.120 0.634 0.128 1.978
(0.013) (0.032) (0.028) (0.010)  (0.085)

i/k 0.112 0362 0.175 6.113 0479  57.204
(0.015)  (0.093) (0.008) (0.099) (0.008) (2.378)

Note: Data consist of our benchmark panel comprising annual plant-level data from the ASM 1972-2009. Moments
are computed in a given year and 4-digit NAICS industry first before being aggregated by industry and then averaged
across years. For details see Appendix A.4.

Interestingly, Table 2 also indicates that the cross-sectional distribution of mrpk is positively
skewed. The standard coefficient of skewness is 0.634, while the quantile-based Kelly skewness

measure is 0.128 on average.* The latter moment implies that the top half of the inter-decile range,

90 k5O — marpk'0. As we

mrpk? — mrpk®, is about 29% more spread out than the bottom half, mrp

will later argue, this evidence is supportive of some of our modeling assumptions.

3Though we study average rather than marginal revenue products of capital, we consider their difference in
Appendix A.6.2.

*Following Kelley (1947), p. 250, we define the Kelley skewness as y/¢!'e¥ = mre k:);;’,fg%pfzr;i’ﬁfp L




Investment rates also differ substantially across plants, which implies that the allocative activity
of capital differs greatly across units within a typical year and industry. The cross-sectional standard
deviation of 36% is large, given that the average plant in the economy has an investment rate of
11.2% — an indication of the well-known lumpy nature of investment. This also makes investment
rates highly leptokurtic, which is reported in the last column of Table 2.

Under the standard interpretation of mrpk dispersion as evidence of misallocation, reallocating
capital to high-mrpk plants in the same industry could hence result in a considerable boost in
aggregate output. We show next that the majority of this dispersion occurs across plants within

firms rather than across firms.

Dispersion within and across firms We decompose the total variance of marginal revenue
products of capital, denoted by V;, into two components: the variance between firms, denoted by
V;B , and the average variance between plants within firms, denoted by VtW. To compare sufficiently
similar units, we perform our analysis within 4-digit NAICS industries. This means we break
up diversified conglomerates along industry lines, thus reducing the scope of actual within-firm
dispersion. Our results should thus be regarded as a lower bound on within-firm dispersion. In a

given 4-digit NAICS industry, our variance decomposition is then:

Nj
V, (mrpk,,) = V, = k k) J k k)’ 1
y (mrpk,,) =V, = Wi (mrp 4t — mrp t) + Wit ) Wnt (mTP njt — TP jt) : (1)
J J nej
VtB average between-firm Vj‘zv within firm j

VtW average within-firm

The variable mrpk, ;, denotes the logarithm of the marginal revenue product of capital of plant n
belonging to firm j in year ¢; mrpk;, the average mrpk in firm j in an industry; and mrpk, the
average mrpk in a given industry. w,;, is the weight of plant n at time ¢, w;, that of firm j and
wl, = wyjt/wj; that of plant n just inside firm j. While unweighted dispersion is our benchmark,
we also consider capital-weighted dispersion to account for economic relevance. In the former case,

we have w, ;; = 1/N; (where N, is the number of observations), while in the latter w, ;, = k,,;,/k,

n
and accordijngly for wj, and wflt. More details about this decomposition can be found in Appendix
A.5, and the results are displayed in Table 2.

The main takeaway from our accounting exercise is that for the full sample (Panel A), about 60%
of the dispersion of marginal revenue products of capital and 68% of the dispersion in investment
rates in a typical industry occur within firms, with the remainder accounted for by between-firm

variations.® The within-firm dispersion of mrpk is economically large: A plant that is one standard

5As Appendix A.3 shows, while multi-plant firms operate only 28% of all plants, they account for roughly 80%
of aggregate economic activity.



Table 2: Cross-sectional moments of capital and investment

Variable A. Full panel B. Homogeneous Products
Share of variance Share of variance
between firms within firms between firms within firms
mrpk 0.399 0.601 0.441 0.559
i/k 0.321 0.679 0.311 0.689

Note: The data underlying Panel A are our benchmark panel comprising annual plant-level data from the ASM
1972-2009. Moments in Panel B are based on a subsample of homogeneous 7-digit SIC products as defined by Foster,
Haltiwanger, and Syverson (2008). Moments are computed for each industry and years first before being aggregated
by industry and then averaged across years. For details, see Appendix A.4.

deviation (0.702 = v/0.601 x 0.9052) above the firm’s average produces twice the value added with
the same capital stock as a plant that would reflect the firm average.

One might worry that this result is driven by residual product heterogeneity within 4-digit
NAICS industries. To alleviate this concern, we repeat the decomposition, but this time focus
on plants that produce only one physically homogeneous standardized good. We follow Foster,
Haltiwanger, and Syverson (2008) and consider industries that produce almost perfectly homoge-
neous goods such as cement, sugar, coffee beans, etc.® Even if we focus solely on these highly
homogeneous industries, the within-firm share of dispersion in marginal revenue products of capital
and investment rates displayed in Row (7) amounts to 56% and 69%, respectively. Appendix A.7
includes an array of additional robustness checks.

In light of the misallocation literature (see Hsieh and Klenow (2009)), our finding that most
dispersion occurs within firms may appear surprising: It seems to suggest the presence of partic-
ularly large frictions within firms, rendering them an inferior allocation mechanism. In the next
subsection, however, we present a simple conceptual framework that shows how the opposite might

be true: Relaxing frictions within the firm can increase the dispersion of marginal revenue products.

2.2 Theoretical motivation: Bad dispersion vs. good dispersion

Hsieh and Klenow’s work on distortions and misallocation has been highly influential, spawning a
myriad of studies on both the empirical and modeling fronts. Some have tried to map abstract dis-
tortions into empirically measurable market imperfections, often with the objective of quantifying

potential output gains from eliminating specific imperfections. Others have attempted to clarify the

SMore specifically, these “industries” are defined by the following SIC product codes: Sugar (2061011), Block and
Processed Ice (2097011 and 2097051), Gasoline (2911131), Hardwood Flooring (2426111), Concrete (3273000), Whole
Bean and Ground Coffee (2095111 and 2095117 & 2095118 — later merged into 2095115 — and 2095121), Carbon Black
(2895011 and 2895000), Bread (2051111, later split into 2051121 and 2051122) and Plywood (2435100, later split into
2435101, 2435105, 2435107 and 2435147).



distinction between imperfections and technological constraints (see, among others, Asker, Collard-
Wexler, and De Loecker (2014), David and Venkateswaran (forthcoming) and Haltiwanger, Kulick,
and Syverson (2018)). What is common among all these papers is that reducing frictions spurs
beneficial reallocation, brings down the dispersion of factor revenue products, and increases aggre-
gate output. Crucially, dispersion is always assumed to be inversely related to aggregate output:
Economies with higher dispersion in factor revenue products are thought to be worse off (see Syver-
son (2011) for a summary of the academic consensus and Dabla-Norris, Guo, Haksar, Minsuk Kim,
Wiseman, and Zdzienicka (2015), Cirera and Maloney (2017) and Cusolito and Maloney (2018) for
the importance of that view in global policy making). In other words, dispersion is “bad” because
it is a symptom of misallocation.

In this section, we show that the opposite can be true: While reducing frictions always improves
factor allocation, it may increase dispersion rather than reducing it.” In this context, dispersion is
“good” because it reflects better resource allocation. In what follows, we lay out the key aspects of

our framework and analyze the relationship between dispersion and misallocation.

Framework. Consider a firm that invests in N plants subject to two constraints. First, each
plant provides only a limited amount of funds x to finance investment generated by, for example,
past profits. Second, a fixed investment adjustment cost implies that 7 units of funds are lost for

every plant the firm invests in. Production in each plant is given by

ke if no investment
y= , (2)
(k+i—7)* if investment

where k is the existing capital stock in a plant that can be augmented by investment.® Returns to
capital are positive and decreasing, which is reflected in 0 < o« < 1. The firm uses the total funds
available, Nz, for investment activity across its plants in order to maximize the sum of output
subject to the fixed adjustment cost and the technology in Equation (2).

We now use this simple framework to illustrate the complex relationship between frictions,

misallocation and dispersion.

Bad dispersion. Let us first focus on the role of the fixed investment adjustment cost. If 7 =0,
the firm effectively incurs no penalty from investing only small amounts in each plant. As a result,
the optimal course of action is to invest equally across all plants to equate their marginal revenue
products of capital. By definition, dispersion of mrpk is therefore nil. As the friction tightens

(7 rises), the firm trades off the concavity of returns (pushing it to equalize investment across its

"Indeed, Bai, Jin, and Lu (2018) present a related finding: Reducing trade barriers in China has worsened
misallocation.
8Though we assume the same k across all plants, our logic holds if we assume heterogeneous k.



plants) against the fixed adjustment cost (pushing it to concentrate on a few plants). The optimal
action is to pick a share of plants, denoted by n* < 1, in which the firm will invest equal amounts

i* = x/n*. As a result, the variance of mrpk increases to
n*(1 —n*) [alog(1 + i* /k)]*> > 0, (3)

and firm output is lower.

In sum, this example displays the standard relationship between dispersion and misallocation:
As the friction is tightened, resource allocation moves further away from the unconstrained optimum
and the dispersion of marginal revenue products of capital rises while output falls. In other words,

more dispersion is bad.

Good dispersion. We now show that the interpretation of mrpk dispersion is, in reality, more
complex and subtle than the impression given by the previous, standard argument. First, let us
continue with the example of the fixed investment adjustment cost. Consider a starting level of 7
so high that the firm decides to not invest at all, i.e., n* = 0; the implication is that dispersion
is again equal to zero, as was the case without any cost (7 = 0). As 7 is lowered, investing in a
positive fraction of plants n* > 0 becomes optimal. The outcome is a higher level of dispersion
of mrpk, as can be seen from Equation (3), as well as more economic activity and output. In
this case, as the friction is relaxed, resource allocation moves closer to the unconstrained optimum,
and the dispersion of marginal revenue products of capital mrpk rises along with output. In other
words, more dispersion is good.

Next, we turn our attention to the role of internal capital markets, holding 7 > 0 fixed. If
frictions within the firm choke its ability to shift financial resources across its plants, effectively
shutting down its internal capital market, only up to = funds can be used for investment in each
plant. To simplify exposition, let’s assume that x < 7 < Nz: The implication is that without the
ability to pool funds, the firm cannot invest in any of its plants. Hence, without internal capital
markets, the variance of (log) marginal revenue products is zero. This extreme case is depicted in
Panel (b) of Figure 1.

What happens when we allow the firm to pool all Nx plant-level funds and reallocate them
freely? Equipped with a functional internal capital market, the firm again trades off the concavity
of returns (pushing it to equalize investment across its plants) against the fixed adjustment cost
(pushing it to concentrate on a few plants). The optimal action is to pick a share of plants n* > 0
in which the firm will invest equal amounts i* = x/n*. As a result, the variance of marginal revenue
products increases to a positive value (see Equation (3)). The ex ante homogeneous plants, hit by
the same shock, are now heterogeneous ex post even though the allocation is more efficient. This
case is depicted in Panel (a) of Figure 1.

In this example, relaxing a friction and allowing for internal capital markets leads to a higher
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Figure 1: Frictions, output and dispersion

(a) (b)

Low frictions High frictions
High dispersion Low dispersion
mrpk
E[mrpk] E[mrpk]
Dispersion

Output

Dispersion Var(mrpk)

Frictions

Low High

dispersion of marginal products of capital. In this sense, the nature of dispersion is again good.
More generally, we have shown that the relationship between frictions, misallocation and dis-

persion is non-monotonic.

Broader applications Even if our conceptual exercise were performed in an investment frame-
work for a multi-plant firm, the underlying logic carries through in a broad range of settings. Hence,
while the productive units in our example were plants, they could alternatively be business divisions,
teams or even workers. The resources being pooled across productive units were financial funds,
yet they could be interpreted as any firm-wide resource such as time, cognitive attention, techni-
cal knowledge or even managerial skills. Finally, the activity and its friction, in our case capital

investment and the fixed adjustment cost, could instead be applied to a wide array of contexts:

e The introduction of new products subject to non-convex frictions, such as clinical trials for
new drugs (see DiMasi, Hansen, and Grabowski (2003)) or mandatory emissions regulations

for new vehicles.

e Some innovation process that implies overhead costs of research and development as in Cohen
and Klepper (1992), Cohen and Klepper (1996) and Aw, Roberts, and Xu (2011) or fixed

start-up costs for research labs.
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e The decision to enter a new export market, subject to export rules and regulations that may
render exporting small amounts of goods unprofitable (see Melitz (2003), Das, Roberts, and
Tybout (2007) and Creusen, Kox, Lejour, and Smeets (2011)).

e Business restructuring that requires a minimal fixed amount of attention or time from man-
agers (Caliendo, Monte, and Rossi-Hansberg (2015)).

e Hiring activity subject to non-convex frictions 7 such as costs related to job postings and

interview procedures (Mortensen and Pissarides (1994)).

In sum, any tax, transaction cost, trade barrier, cost of doing business, or menu cost that is less
than proportionally” related to an input will have the effect we described.

It should also be noted that while all of the examples above rely on some non-convex frictions,
they are not a necessary ingredient for our result: the key to generating good dispersion is that the
firm finds it optimal to focus the activity on a subset of units. For example, in our original multi-
plant firm setting, it would suffice to assume locally increasing marginal returns to capital — say,
up to a capacity constraint. In this case, eliminating internal capital market frictions would push
the firm to pool resources across its plants and redistribute them toward a few units for investment
purposes, generating more dispersion of mrpk in the process. This means that the scope of our
mechanism is broad, and so is the potential for good dispersion.

In the next section, we build a quantitative model of an economy in which firms operate several
units and allocate capital across them. Capital is often pinned as the most distorted production
factor (see Gopinath, Kalemli-Ozcan, Karabarbounis, and Villegas-Sanchez (2017), among others)
in explaining aggregate misallocation. We focus on multi-plant firms, as they account for the lion’s
share of economic activity in the U.S. economy. Importantly, that model features a rich set of
frictions, as in Cooper and Haltiwanger (2006) and David and Venkateswaran (forthcoming), which
gives rise to the non-monotonic relationship between distortions and dispersion in marginal revenue
products of capital.'® Matching the rich model to establishment-level data from the ASM, we find

that eliminating frictions increases the dispersion of marginal revenue products of capital.

3 A model of the multi-plant firm

In this section and the next, we describe, solve, simulate and analyze a simple model of a multi-plant
firm. Our focus is on the role of within-firm frictions — more specifically, on those that regulate
the functioning of internal capital markets — in shaping investment decisions and the dispersion of

marginal revenue products of capital across plants within the firm. At one extreme, these frictions

9Proportional distortions, as in Hsieh and Klenow (2009), can be added without changing our argument.
Brown, Dinlersoz, and Earle (2016) make a similar point, in which the non-convex distortion affects the discrete
entry decision.
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are so excessive that firms are merely a collection of disconnected productive units: Decisions are
made on a plant-by-plant basis. At the other extreme, firm management can fully use its frictionless
internal capital market to mitigate or offset the other frictions and constraints that it must cope
with. In particular, the firm optimally alters the size and timing of plant-level investment projects,

which in turn generates more dispersion across its plants.

3.1 The problem of the firm

We focus on the basic problem of a firm that operates two plants n, where n = A, B. We limit our
model to only two plants in an effort to keep the numerical analysis of our model, which features
non-differentiable investment policies, computationally feasible. A larger number of plants would
exponentially increase the size of the state vector of the firm, which must include the capital stock
and technology level of each of its plants, without adding insight into the underlying fundamental
economic mechanisms. We start by describing the technology and constraints at the level of the
individual plant before analyzing the problem of the firm. In what follows, lowercase letters refer to
plant variables, uppercase letters to firm variables and bold uppercase letters to vectors of a firm’s

plant variables.

3.2 Technology and frictions at the plant level

The plant operates a Cobb-Douglas production function that combines the beginning-of-period

capital stock, k,;, and other variable inputs in order to produce output, y,,. While capital is

nt»
fixed throughout the period, we assume that plants can freely choose any other variable inputs in
perfectly competitive markets.!'’ This means we can substitute out any static first-order condition

for variable inputs and write revenue net of variable factor costs for plant n as

Ynt = €tk (4)

z,; contains plant (log) total factor productivity and prices of other statically chosen production
factors, while « is the scaled production elasticity of capital. The productivity level of plant n
in firm j consists of a component common to both plants in the firm and an idiosyncratic plant

component; both evolve as follows:

ant = ppznjt—l + nnjt (5)

Zjt = PrZjt—1 T Njt- (6)

" Given our Cobb-Douglas production function, flexible factor markets will result in revenue products of flexible
inputs that are completely equalized across plants and firms in the economy. This will not be the case, however,
for marginal revenue products of capital because capital is chosen one period in advance and because of decreasing
returns to scale as well as fixed investment adjustment cost.
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where 7,5, and 7, are both iid, mean zero and have variances 012, and O'J%, respectively.
The capital stock of plant n depreciates every period at rate  and grows with investment ¢,,,

so it evolves over time according to the conventional expression
kntJrl = (1 - 6)knt + Z‘m‘/'

As documented in a number of studies (see Cooper and Haltiwanger (1993), Cooper, Haltiwanger,
and Power (1999), Doms and Dunne (1998) and Caballero and Engel (1999), among others), in-
vestment dynamics at the plant level are characterized by lumpiness: Multiple periods of inactivity
(no or only small amounts of maintenance investment) are followed by “investment spikes.”'? The
traditional modeling feature used to reproduce this stylized fact is to introduce a fixed cost of

investing: The firm must pay a certain cost, ¥k, ,, if investment is greater than zero. Such costs

nt»
can arise because investment activity — no matter how small or large — has a disruptive effect on
production activities in the short run, for example. The parameter 1 regulates how much revenue
is forgone when the plants needs to shut down production in order to install new capital. As a
result of aggregation, firm-level investment activity will be less lumpy, as documented by Eberly,
Rebelo, and Vincent (2012).

In addition to this non-convex adjustment cost, we include a traditional quadratic adjustment
cost. This convex adjustment cost captures the notion that larger investment projects become
increasingly disruptive with size.!> The parameter v below captures the importance of this margin.

To summarize, frictions at the plant level are expressed as:

0(i k) = [1,[)]1 {;mf > 19} oy <;’“>2] ko (7)

nt nt

where I is an indicator function equal to 1 if the plant investment rate is above #; v is a parameter
regulating the forgone sales if the plant undergoes an investment; and 7 regulates the impact of
the quadratic adjustment cost. Everything is scaled by the plant’s capital stock k,; in order to
eliminate size differences.

Combining equations (4) and (7) above, plant cash flow is given by
Tt = Zniknt = O(ing: Kng)- (8)

3.3 Technology and frictions at the firm level

What sets plants in a multi-unit firm apart from their identical counterparts in single-unit firms?

What are the economic benefits the firm provides to its own plants? While these benefits are

2Investment spikes are usually defined as investment rates exceeding 15% or 20%.
13This formulation is similar to assuming lower profitability during large capital adjustments, which has been
documented by Power (1998) and Sakellaris (2004).
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likely numerous, our focus is on the ability of firms to create internal capital markets by pooling
and reallocating internal funds across its plants. This ability allows the firm to relax its external
financing constraint.

A firm with frictionless internal capital markets collects the cash flow from all of its plants and
decides how to allocate funds to finance investment projects across its plants. This means that firm

cash flow is defined as

I, =y + 7y 9)

While all production and investment activities take place at the level of the individual plant, we
assume that only the firm can organize external finance. In a dynamic model of investment, this
seems the most sensible choice, but recall from the end of Section 2.2 that many other mechanisms
would serve the same purpose and lead to similar results.

Our assumption that only the firm can organize external finance is realistic and sensible: While
large and complex firms such as General Electric operate hundreds of plants, only the firm issues
bonds, borrows from banks or raises equity. Typically, the firm then channels these funds to
individual plants through its internal capital market. Consistent with this empirical pattern, we
assume that it is the firm that coordinates investment plans across all of its plants, organizes
financing of investment through either internal cash flow or external finance, and allocates funds
to plants where investment is put in place. In the event that desired firm-wide investment exceeds
firm cash flow, the firm attempts to raise external funds, denoted by E}, so that all investment gets
financed:

ig+ig, =1, <1, + E,. (10)

Organizing external finance, however, is an imperfect process. We assume that new equity
issuances, Fy, are limited: Firm owners do not tolerate negative dividends beyond a certain fraction
A of the capital stock. This is consistent with the notion that it becomes increasingly costly to issue
larger and larger amounts of equity, as is common in the finance literature. Hennessy and Whited
(2007) and Altinkilic and Hansen (2000) estimate the cost of raising external equity to be increasing
and convex. Hennessy and Whited (2007) additionally find that these cost are significantly higher
for small firms. We will capture this finding by making the financial constraint more binding for
small firms.

One may also interpret our external finance constraint as applying to external debt. Such
borrowing can be limited in various ways by moral hazard problems, as in Gertler and Kiyotaki
(2010). Consider a borrowing firm that can divert a fraction 1/n of the loan for private benefit.
Lenders will then require collateral, often a fraction £ of the firm’s capital stock, £ K, which they
could seize in case of bankruptcy. Then, the divertable loan amount can never exceed the collateral.

In this case, A = n€ equals the maximum leverage the lender is willing to accept. Therefore, our
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argument continues to hold if external finance is debt instead of equity.'* Ultimately, what is crucial
is that the firm is constrained in its access to external funds.

We summarize the external financial constraint by the following function:
E; < )\K,. (11)

The cost of investing in a given plant depends on the investment amount in that plant, the
combined investment in the rest of the firm, whether the firm needs to raise external funds, and if
it could be limited the financing constraint. The total cost of investment in Plant A then consists
of the fixed and quadratic adjustment costs (real costs 6(i,,/k,,) in Equation (7)) as well as the
financial constraint in Equation (11)). The latter part depends on how much the other plant in the
firm, Plant B, invests, as this dictates how fast and how much the firm needs to borrow. Thus,
investment in one plant imposes an externality on investment activity in the rest of the firm, because

it depletes internal funds and imposes a financial cost that is shared by the entire firm.

3.4 Firm value and firm policy

We define the vectors of technology levels and capital stocks within the firm as Z; = {z,;, 25}
and K = {k,;,kp,}, respectively. Given the plant-level fixed adjustment cost, the firm’s state
consists of the distribution of capital stocks, K, and technology levels, Z;, across plants within
the firm. The firm chooses investment in either Plant A or B in order to maximize firm value,
which corresponds to the net present value of discounted future gross profits net of investment and
borrowing costs. When deciding the investment level of each plant, the firm takes into account
the various adjustment costs and whether borrowing is required to finance the desired level of

investment. The firm’s problem can be written in recursive form as

VIeM(Z,, K,) = max {Ht — I, + 5EV(Zt+1’Kt+1)}

i i Bt

st kL, =108k, +i, Vn=A,B
B, < \K,.
I, <II, + E;.

In the above problem, the superscript “ICM” on the value of the firm indicates that it can fully
leverage its internal capital market. This has two important advantages. First, the firm can pool
the cash flows generated by its two plants in order to finance investment projects where it sees fit.

Second, it can combine plant-level capital stocks to increase its capacity to access external funds.

MFor computational reasons, we do not allow for savings by the firm except through the accumulation of capital.
While this would represent an interesting extension, we argue there is no reason to believe that it would meaningfully
alter our conclusions below.
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In the quantitative analysis that comes next, we will contrast this setup with one in which
the firm is unable to pool plant-level resources. This could be due to a number of frictions and
constraints. Stein (1997) and Scharfstein and Stein (2000), for example, emphasize how individual
divisions within a firm compete for corporate resources in order to build “local empires,” while
Giroud (2013) has quantified the impact of imperfect information flow within a firm on the invest-
ment efficiency at the level of individual plants. When such frictions within a firm become extreme,
internal capital markets cease to function, and the firm effectively operates its plants as standalone
units: Maximizing firm-level profits then boils down to separately maximizing the value of each
plant in isolation. Equations (10) and (11) now apply for each plant individually, and the value

function of the firm becomes

yReloM(z, K )=  max {1, - I, + BEV(Z 1. K¢ q)}
YAt'Bt €A CBt
sit. Ky =(1=08)ky + i, Vn=A,B
Ent < )\knt vn = A’ B
Z'nt S Tt + Ent vn - A’ B.

In the next section, we study quantitatively the consequences of such a shutdown in internal

capital markets.

4 Quantitative analysis

In what follows, we first perform a numerical analysis of the model of the previous section to
illustrate quantitatively our main point: that eliminating a friction — in this case, the constraints
to leveraging internal capital markets — can lead to both a more efficient allocation of resources and
a rise in the dispersion of marginal products. Second, we provide empirical evidence that supports

the main model mechanism.

4.1 Calibration

Table 3 summarizes the parameter values used to calibrate our model for the quantitative analysis.
Most values are based on moments from the ASM dataset and are in line with calibrated parameters
generally used in the investment literature.

To inform us about the production function elasticity, o, we extend the structural framework
of Cooper and Haltiwanger (2006) to accommodate multi-plant firms and re-estimate plant-level
revenue functions. Our GMM estimate puts « at 0.627, which is fairly close to the value they find.
The parameters governing persistence, pP and p/, and volatility, o? and o/, of the plant and firm

shock processes are chosen to match the persistence and volatility of mrpk at the plant and firm
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Table 3: Model Calibration

Parameter Meaning Value Target/Source

15} Discount rate 0.95 Long-run real interest rate

Q Production elasticity 0.627 estimated in ASM

or TFP persistence plant 0.60  serial correlation of mrpkP: 0.25 in ASM
pf TFP persistence firm 0.85  serial correlation of mrpkf: 0.31 in ASM
o? TFP shock plant 0.25  volatility of mrpkP: 0.33 in ASM

ol TFP shock firm 0.24  volatility of mrpkf: 0.26 in ASM

) Depreciation rate 0.067 Mean investment rate in ASM

P Fixed inv. adj. cost 0.039 Cooper and Haltiwanger (2006)

y Quadratic inv. adj. cost  0.049 Cooper and Haltiwanger (2006)

A External finance capacity  0.30  Li, Whited, and Wu (2016)

levels in two-plant firms in the ASM.

The depreciation rate ¢ is set to match the long-run investment rate in our ASM data. For
the fixed and convex investment adjustment cost parameters, 1 and ~, we rely on the structural
estimates of Cooper and Haltiwanger (2006), which are somewhat smaller than the analogous values
estimated by Asker, Collard-Wexler, and De Loecker (2014). Regarding the capacity for external
finance, our benchmark case relies on A = 0.3, while we will be experimenting with other values
as well to illustrate the key driver of within-firm capital allocation. This value is in line with the
evidence of Li, Whited, and Wu (2016), who estimate a dynamic model of the firm with a similar
external financing constraint. Their estimates put A between 0.22 and 0.32 across manufacturing

industries.!?

4.2 Frictions, allocation and good dispersion

Before analyzing the forces at play inside the model, we go straight to the main question of the
paper: Does the model generate a quantitatively relevant increase in both dispersion and output
once the firm is allowed to pool the cash flows and capacities for external finance (capital stock)
from its two plants? Can relaxing a friction be welfare-improving, yet at the same time generate
more dispersion in marginal revenue products?

To answer these questions, we compare quantitatively two distinct economies. The first one is
composed of perfectly integrated two-plant firms, as described earlier: A firm can pool the cash
flows and capacity for external finance from its two plants, and hence leverage its internal capital
market (ICM). This is what we refer to as the “ICM” economy.

151 the case of Li, Whited, and Wu (2016), it is the non-depreciated value of the capital stock that is collater-
alizable. Also, while Rampini and Viswanathan (2013) and D’Acunto, Liu, Pflueger, and Weber (2016) also provide
information on leverage, their approach is not model-based, which makes it difficult to transpose their findings into
our framework.
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The second economy is composed of firms that face internal frictions and constraints that
preclude their ability to pool resources (funds and external finance capacity) across their plants
and take advantage of internal capital markets. In other words, “firms” are empty concepts in that
economy, as plants effectively function as standalone units that are not part of an integrated firm.
Consequently, a plant that is in need of funds to finance its investment activity must effectively
obtain external financing on its own. Otherwise, it faces the exact same constraints and frictions
as the plants in multi-unit firms. This environment is referred to as the “No ICM” economy.

In essence, the difference between the ICM and No ICM economies is that in the latter, we create
a “wall” between plants that bars them from pooling financial resources when access to external
financial markets is constrained. We allow plants to raise funds, but in doing so they are limited by
their own capital stock. This exercise allows us to specifically isolate the role of the firm in creating
internal capital markets.

In each case, the problem of a representative firm is solved using a value function iteration
procedure that is described in detail in Appendix C. Then, we simulate an economy composed of
1,000 two-plant firms for 1,000 periods to investigate two questions. First, do two-plant firms with
internal capital markets produce more dispersion in marginal revenue products than firms without
any internal ability to pool resources? Second, how much more aggregate output can the economy
with internal capital markets produce? Naturally, two-plant firms with internal capital markets
cannot do worse, since they convexify the choice set and can always reproduce the allocation of the
single-plant firm economy. Our objective is to determine how large these gains can be.

Figure 2 provides answers to these questions. It displays dispersion measures and aggregate
values for both economies, in which we normalize the values for the economy without internal
capital markets to unity to facilitate the presentation and comparisons.

The left panel shows the aggregate values for output, investment, and capital in both economies.
As expected, allowing internal capital markets to play their role leads to higher aggregate values:
Once firms are able to pool their plants’ financial resources and capital stocks, aggregate capital
and investment are about 4% higher, while output rises by just under 3%. Hence, not surprisingly,
the elimination of this friction is welfare improving.

The findings in the right panel are more surprising. The first set of bars indicates that this
extra aggregate output was generated by the ICM economy despite the fact that dispersion of
the marginal revenue product of capital is 32% higher than when internal capital markets are not
available. The difference is even more striking for investment: The economy-wide dispersion of
investment rates is almost three times larger in the ICM version of the simulation.

In sum, we showed that a more efficient allocation can be accompanied by a higher dispersion
of marginal revenue products. The difference between the blue and white bars in the right panel

of Figure 2 thus reflects good dispersion.
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Figure 2: Quantitative effects in the multi-plant-firm vs. single-plant-firm economy
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Note: The figure displays dispersion and aggregate values in an economy composed of firms that cannot pool resources
across plants (No ICM, in white), as well as in an economy with internal capital markets (ICM, in black). The No
ICM values are normalized to 1 to ease the presentation and comparisons. The left panel shows aggregate output,
invest