Do Firm Boundaries Matter?

By SENDHIL MULLAINATHAN AND DAVID SCHARFSTEIN®

In his famous article, “The Nature of the literature would ask why we observe this degree
Firm,” Ronald Coase (1937) raised two funda- of integration. We ask instead whether inte-
mental questions that have spawned a largeggrated and nonintegrated VCM producers invest
body of research: Do firm boundaries affect the differently in production capacity.
allocation of resources? And, what determines
where firm boundaries are drawn? While the I. Data
first of these questions has received some theo-
retical attention (notably, Oliver Williamson  Our analysis is based on a global dataset of
[1975, 1985], Benjamin Klein et al. [1978], and VCM and PVC manufacturers provided to us by
Sanford Grossman and Oliver Hart [1986]), it SRI Consulting, Inc., a firm based in Menlo
has largely been ignored empirically. Instead, Park, CA. The data set contains detailed plant-
the empirical work in this area, discussed in thelevel information on VCM and PVC production
other articles in this session, has addressed theapacities from 1974 to 1998 in 61 countries. It
second question by analyzing the determinantsalso includes country-level information on pro-
of vertical integration. Thus, while we know duction and consumption of VCM and PVC, but
something about the forces that determine firmno information on prices and plant-level pro-
boundaries, we know relatively little about how duction. We construct firm-level production ca-
these boundaries affect actual firm behavior.pacities of VCM and PVC by aggregating the
This is a major limitation in our understanding data across plant-level observations. We restrict
of the nature of the firm. our analysis to firms operating in consistently

To begin to assess how firm boundaries affectmarket-based economies with a minimum level
behavior, we analyze whether there are differ-of GDP. This leaves us with 1,257 observations
ences between integrated and nonintegrateih 17 countries.
chemical manufacturers in their investments in  Table 1 provides summary information on
production capacity. We focus on producers ofthe firms in our sample. The average firm ac-
vinyl chloride monomer (VCM), the sole use of counts for 13.2 percent of country VCM capac-
which is in the production of the widely used ity (280.15/2,115.72). Integrated firms account
waterproof plastic, polyvinyl chloride (PVC). for two-thirds of the observatiorisThese firms
VCM is a homogenous commodity and is differ themselves in the nature of their integra-
traded in relatively liquid markets. Moreover, tion. The firms that have more VCM production
there is no obvious production link between capacity than they can consume internally, we
VCM and PVC other than that one is an input label asmerchantfirms because they likely sell
into the other. For example, PVC is not a by- part of their output to the outside market. Other
product of VCM production. Nevertheless, two- firms have less VCM capacity than they need for
thirds of VCM producers in our sample are downstream PVC production. Because these firms
integrated downstream into PVC. The existing likely only supply to downstream PVC plants that

they own, we label themaptiveproducers.
To measure whether VCM producers are mer-
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TABLE 1—SUMMARY STATISTICS TABLE 2—INTEGRATION AND SENSITIVITY TO DOWNSTREAM
DEMAND
Number of Mean
Observation observations  (SD) Minimum Maximum Independent Integrated/ Integrated/
. variable Nonintegrated Integratednerchant captive
Firm VCM 1,257 280.15 8.00 1,634
capacity (226.31) Log(Country VCM 0.977 0.038 0.205 —0.160
Country VCM 1,257 2,115.72 8.00 7,902 consumption) (6.24) (0.35) (1.95) (1.14)
capacity (1,719.71)
Integration 1,257 0.67 0 1 R?: 0.922 0.942 0.949 0.966
dummy (0.47) Number of
(Oor1l) observations: 415 842 492 351
Internal PVC 842 235.10 16.00 1,622
capacity (208.24) Notes: Observations are by firm, chemical (VCM), and year. The
Internal demand 842 110  0.083 10.20 dependent variable is log VCM capacity. Integrated firms are those
ratio (0.81) that have both VCM and PVC capacity; nonintegrated firms are
Country PVC 1,257 1,861.40  28.00 6.97 those that have only VCM capacity. Integrated merchant firms are
capacity (1,543.67) integrated firms with VCM capacity that exceeds their internal
Country .VCM 1257 0.82 0.00 125 demand for VCM from their PVC plants. Integrated captive firms are
capacity (0.17) integrated firms with VCM capacity less than their internal demand
utilization for VCM from their PVC plants. The regressions include firm and

. . ] year fixed effects. Numbers in parenthesestatatistics, which are
Notes: Observations are by firm, chemical (VCM), and year. Inte- hased on robust standard errors clustered by country and year.
gration dummy equals 1 if the firm produces both PVC and VCM.

Internal demand ratio is defined for integrated firms only. It is the
ratio of VCM consumed to produce PVC at full capacity to total
VCM capacity. Country VCM capacity utilization is the ratio of

country VCM production to VCM capacity. . ) ) ) .
The dependent variable in this equation is the

log of VCM capacity of firmi in yeart. The

key explanatory variable, log(Consumptign)
VCM (assuming both types of plants operate atis log consumption of VCM by PVC produc-
full capacity). This calculation uses information ers in the country where firm is located at
on the units of VCM required to produce one unit time t.®> Because the regression also includes
of PVCZ? The internal demand ratio is zero for firm fixed effects ;), the coefficientc mea
nonintegrated VCM producers, positive but lesssures the extent to which firm changes in
than 1 for “merchant” VCM producers, and capacity correspond to changes in consump-
greater than 1 for captive producers. Table 1 in-tion. We expectc to be positive (i.e., firms
dicates that the average internal demand ratio iswill increase capacity in line with consump-
1.10; 58.3 percent of integrated firms are merchantion).
producers, and 41.7 percent are captive producers We are interested, of course, in how these sen-
by our definitions. sitivities differ for integrated and nonintegrated
firms. Consequently, we will estimate this equa-
tion separately for these two groups. Comparing
the resulting sensitivities will then tell us whether
the capacity of integrated firms is more or less
A. Integration and the Sensitivity of Capacity sensitive than the capacity of nonintegrated firms

to Consumption to downstream consumption.

Il. Analysis

We begin by examining the sensitivity of
VCM capacity to downstream industry con-  2The consumption measure is defined at the country-
sumption of VCM. To do this, we estimate the year level, whereas the dependent variable (capacity)
: ; . is defined at the firm-year level. Therefore, one natu-
followmg 5|mple equation: rally worries that the standard errors may be under-
stated. To deal with this problem, we have allowed for

(1) log(Capacity;, =a + b, + ¢ firm-year random effects (clustering) in all the regres-
sions. It is also worth noting that in this equation we will
X Iog(Consumptiomt. be focusing on capacity changes and abstracting from

changes in capacity utilization. Ideally, we would like to

look at both, but lacking firm-level data on utilization we

can only examine one of the two dimensions for adjust-
2 Source:private communication with SRI, Inc. ment.
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The first column in Table 2 indicates that TABLE 3—INTEGRATION AND SENSITIVITY TO DOWNSTREAM

nonintegrated firms are extremely sensitive DEMAND
to consumption. The coefficient of 0.977 im-

. .. ndependent Integrated/ Integrated/
plies roughly an elasticity of 1: a 1-percent variable Nonintegrated Integratednerchant  captive
increase in consumption corresponds roughly, . counryvem  0.013 0074 0301 —0137
to a 1-percent increase in capacity for nonin-  consumption) (5.59) (0.65) (2.64) (0.88)
tegrated firms. The second column shows, inLog(country ~0.184  —0.050 —0074 —0.037
contrast, that integrated firms are completely_ capacity) (3.01) 249 @73 (070
insensitive to consumption. Not only is the . 0.924 0943 0952 0967

estimated sensitivity statistically insignifi- Numbberof' _ i oo - w51
cant, but the magnitude is extremely small __ %2

(0.038). These results suggest that integratediotes: observations are by firm, chemical (VCM), and year. The

firm Capacity does not move in step with the dependent variable is log VCM capacity. Integrated firms are those
market that have both VCM and PVC capacity; nonintegrated firms are

i i those that have only VCM capacity. Integrated merchant firms are
These regressions compare integrated tOntegrated firms with VCM capacity that exceeds their internal

nonintegrated firms. But as noted earlier, demand for VCM from their PVC plants. Integrated captive firms are
’ " integrated firms with VCM capacity less than their internal demand

among integrated firms, it is _interesting to for VCM from their PVC plants. The regressions include firm and
compare merchant and Captlve producers year fixed effects. Numbers in parenthesestatatistics, which are

The third column of Table 2 shows the re- based on robust standard errors clustered by country and year.
gression coefficients for merchant firms. The

coefficient of 0.205 is substantially smaller

than that of the nonintegrated firms, but it (2) log(Capacity;

is borderline statistically significant. This

suggests that merchant firms move less in = a + b, + ¢ X log(Consumptiom;
tandem with markets than do nonintegrated
firms; however, they are less out of step + d X log(VCM Capacity;.

with the market than captive firms are. The

fourth column shows that the sensitivity In this equation, (VCM Capacity)denotes the
of capacity to consumption is0.160, which  total VCM capacity in the country of firm at

is both of the opposite sign that one would timet (excluding the firm’s own capacity). The
expect and statistically insignificant. As a coefficientd tells us how sensitive the firm is to
whole, these rsults suggest that merchant the capacity of competitors, holding consump-
firms lie somewherebetween stand-alone and tion constant. We would expedt < 0; when
captive firms in their sensitivity to market con- industry capacity is higher, for the same level of

ditions. consumption, the firm has less incentive to hold
capacity.

B. Do Integrated Firms Hold Capacity The first column of Table 3 reports the results

at the Right Times? of estimating this equation for nonintegrated

firms. We see, as before, that the capacity of
While these results tell us that integrated nonintegrated firms co-moves closely with con-
firms are less sensitive than nonintegratedsumption (0.913). But we also see that their
firms to outside conditions, they do not tell us capacity is sensitive to industry capacity; non-
whether this reduced sensitivity is good or integrated firms are less likely to increase ca-
bad. For example, suppose that industries argacity when industry capacity is high-0.184).
stuck in hog cycles, in which firms are overly For the same level of consumption, a 1-percent
sensitive to demand shocks, investing tooincrease in industry capacity reduces noninte-
much during good times. In that case, thegrated firm’s capacity by roughly 0.18 percent.
lower sensitivities by integrated firms would The second column of Table 3 indicates that
actually be a good thing. To assess this, weintegrated firms behave quite differently. As
now ask how sensitive integrated firms are tobefore, their capacity is insensitive to consump-
industry capacity as well as to consumption. tion (0.074), but it is also quite insensitive
We estimate the following equation: to industry capacity. While the coefficient of
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industry capacity is statistically significant, it is TABLE 4—INTEGRATION AND SENSITIVITY TO DOWNSTREAM
less than one-third the magnitude of the coeffi- DEMAND
cient for nonintegrated firms. In other words, it
is not as if integrated firms are better at “timing”
the market and simply holding the capacity at
the right time.

The last two columns of Table 3 again

Integrated/  Integrated/
Independent variable merchant captive

Log(Country VCM 0.051 —0.545
consumption) (0.52) (3.89)

separately analyze merchant and captive-09(Country capacity) R o028
firms. The third column shows, as before, (0.89) (0.54)
that the capacity of merchant firms is in fact -og(Internal VCM demand) 0.476 0.681
sensitive to consumption (0.301), though (4.49) (5-:86)
less so than the capacity of nonintegrated Rz 0.971 0.976
firms. It also shows that the capacity of mer- Number of observations: 491 351

chant firms is negatively related to industry

. g - .~ Notes:Observations are by firm, chemical (VCM), and year.
Qapac'ty_: thQUQh the coefficient is not statis- The dependent variable is log VCM capacity. Integrated
tically significant. In the fourth column, we fims are those that have both VCM and PVC capacity:
see that captive firms not only show no sen-nonintegrated firms are those that have only VCM capacity.

S|t|v|ty to Consumption' but also show very Integrated merchant firms are integrated firms with VCM

. - ; ; ;= capacity that exceeds their internal demand for VCM from
little sensitivity to industry capacity. Their their PVC plants. Integrated captive firms are integrated

SenSitiVity to capacity is half that of merchant fims with vem capacity less than their internal demand for
firms. As before, merchant firms are some-vcwMm from their PVC plants. The regressions include firm

where in between stand-alones and captiveand year fixed effects. Numbers in parenthesed atatis-
firms. tics, which are based on robust standard errors clustered by

country and year.

C. Is the Capacity of Integrated Firms
Sensitive to Internal Demand?
internal demand.One finds a similar pattern

If capacity of captive firms does not co- in the second column for captive firms,
move with external market factors, with what though captive firms show greater sensitivity
does it move? One possibility is that captive to internal demand. Thus, both merchant and
firms respond to internal demand for their captive firms in fact adjust their capacity,
product from their downstream PVC plants. but only to internal demand, not to external
To assess whether this is the case we nowdemand.
estimate the following regression for inte-
grated firms: Ill. Conclusion

Our findings suggest that there are differ-
ences in the way integrated and nonintegrated
firms allocate resources. The capacity of inte-
grated VCM producers appears to be insensitive
to downstream consumption, while the capacity
of nonintegrated producers is very sensitive to
consumption. The capacity of integrated pro-
ducers depends only on the internal demand for

(3) log(Capacity;
= a; + b, + ¢ X log(Consumptiof,
+ d X log(VCM Capacity;

+ e X log(Internal demany.

In this equation, (Internal demagdneasures the

implied demand for VCM from firmi’'s PVC 4One artifact of this regression is worth noting. The
capacity at time (assuming that the downstream addition of internal demand makes the effect of country
PVC plants operate at full capacity). consumption insignificant. However, this is because

- . . downstream industry capacity is a better predictor of
The first column of Table 4 estimates this upstream capacity than is downstream industry consump-

equation for merchant firms. We see that thetion. if we use downstream capacity instead, it remains
capacity of these firms is very sensitive to significant.
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VCM from their own downstream PVC units. may not respond as strongly as nonintegrated
These empirical findings suggest that integratedproducers to changes in market demand. The
firms are inwardly focused, holding capacity for fact that merchant producers (those that appear
internal demand only and largely ignoring to sell internally and externally) behave some-
changes in external demand for their product. Ourwhat like nonintegrated producers suggests that
findings also suggest a potential inefficient alloca-this may be part of the explanation of our find-
tion of resources, in that integrated firms seem toings. Separating out these (and possibly other)
hold capacity when it is least needed (i.e., whenexplanations is an interesting avenue of future
there is a lot of capacity relative to consumption). research that will help to tell us whether firm

What might explain this insulation from the boundaries affect the allocation of resources.
external market? Our investigation is much too
preliminary to single out one answer. However, REFERENCES
two possibilities seem important to us. The first
might be broadly called “organizational focus.” Coase, Ronald‘The Nature of the Firm.’Eco-
Managers in a firm that has a VCM plant whose nomica November 19374(4), pp. 386—
output is essentially used for PVC production  405.
may be focusing on different markets. These Grossman, Sanford and Hart, Oliver. “The Costs
managers may view themselves as primarily and Benefits of Ownership: A Theory of Ver-
PVC producers and focus their energies on the tical and Lateral Integration.Journal of Po-
PVC market. This focus on PVC may in turn litical Economy August 1986,94(4), pp.
result in their failing to notice a profitable op-  691-719.
portunity in VCM production. Furthermore, be- Klein, Benjamin; Crawford, Robert and Alchian,
cause the firm has not focused on the VCM Armen. “Vertical Integration, Approbriable
market in the past, it may lack the contacts or Rents, and the Competitive Contracting Pro-
specific human capital necessary to sell to the cess.”Journal of Law and Economic®cto-
outside VCM market. ber 1978,21(2), pp. 297-326.

A second possible explanation of our findings Williamson, Oliver. Markets and hierarchies:
would stem from differences in the way transfer ~ Analysis and antitrust implicationsNew
prices and market prices are set. If VCM pro-  York: Free Press, 1975.
ducers sell internally at a price that differs from . The economic institutions of capital-
the market price, say, at average cost, then they ism New York: Free Press, 1985.
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