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Abstract

One of the most consistent findings in the literature using business-level microdata is that
average plant sizes vary considerably with age. New plants tend to be much smaller than
established plants in the same industry, and their size convergence tends to be slow—taking well
over adecade in some cases. We show that thisis not due to productivity gaps. Indeed, new
plants are just as technically efficient as, if not more than, older plants. They are small in spite of
their prices, not because of them. The size patterns thus appear to be tied to differencesin
demand-side fundamentals. New plants start with a considerable demand deficit and only slowly
erase it over time (if they survive). We document the patternsin plants’ idiosyncratic demand
levels, and explore the sources of their variance across plants and growth rates within them. We
estimate a dynamic model of plant growth behavior in the presence of a*“demand accumulation”
process (e.g., building a customer base) that is affected by plants' past production decisions. We
find interesting differencesin the levels and growth rates of plants depending on the types of
firms that own them.

* A preliminary draft prepared for the 2008 CAED conference. Contact information: Foster: Center for Economic
Studies, Bureau of the Census, Room 2K 130F, Washington, DC 20233; Haltiwanger: Department of Economics,
University of Maryland, College Park, MD 20742; Syverson: Department of Economics, University of Chicago,
1126 E. 59" St., Chicago, IL 60637. Thiswork is unofficial and thus has not undergone the review accorded to
official Census Bureau publications. The views expressed in the paper are those of the authors and not necessarily
those of the U.S. Census Bureau.



1. Introduction

The large literature using business-level microdata to study various aspects of production
behavior has, without exception, found considerable differences between producersin agiven
industry. Enormous heterogeneity has been documented along many dimensions. One of the
more consistent findings is that entrants are different than incumbents, with particular regard to
size. New plants tend to be considerably smaller than plants that are already established in the
industry (e.g., Dunne, Roberts, and Samuelson (1989), Caves (1998)). These patterns are tied to
several facets industry evolution, from features of industry lifecyclesto how the growth of
individual producersimpacts industry aggregates.

In this paper, we look more closely at the sources of the size gaps between young and old
plants. While earlier work has focused on productivity/cost differences as an explanation (see
Bahk and Gort (1993), for example), this does not seem likely to be an explanation. We found in
Foster, Haltiwanger, and Syverson (2008) that new plants' physical total factor productivity
levels are as high as—and often even dightly higher than—older plants’. That is, entrants are
just astechnicaly efficient as their more experienced competition. They are small in spite of
their prices, not because of them. (Their pricesin fact actually tend to be lower.)

This similarity in supply-side fundamental's points to the likelihood of idiosyncratic
demand factors explaining plant size differences. We document some evidence of this
importancein our earlier work. Thereisaclear dichotomy between the age profiles of plants
productivity and demand-side fundamentals. Unlike their closeness to established plantsin
technical efficiency, young plants’ idiosyncratic demand levels are much lower. 1n addition to
the large size of the idiosyncratic demand gaps, these gaps converge very slowly over time.
There is no such slow convergence in supply side fundamentals.

These patterns can be seen in Table 1, which is an extract from Table 5 in Foster,
Haltiwanger, and Syverson (2008). It shows the evolution of physical total factor productivity
(TFP)—i.e., units of output per unit input—and idiosyncratic demand across plants of various
ages. Plant-level demand can be thought of as the units of output a plant would sell relative to
other plantsin itsindustry, if al plants charged a common, fixed price. (Further details of the
construction of the sample and the variables follow below.) We use four age categories.



“Entrants’ are plants appearing for the first time in the Census of Manufactures (CM).* “Young”
establishments are those that first appeared in the census prior to the current time period; that is,
they were entrants in the previous census. Establishments first appearing two censuses back are
“medium” aged, and establishments that first appeared three or more censuses prior are classified
as“old.” Plantsthat will exit (die) by the next CM are placed in their own category. We
separately regress plants' TFP and idiosyncratic demand levels on dummies for each age
category (old plants are the excluded category), along with afull set of industry-year fixed
effects.

The resultsindicate that entering plants have physical TFP levels slightly above
established (“old”) incumbents. This TFP advantage is indistinct from zero, however, by the
time plants are at least five yearsold. (Consistent with alarge literature, we also find that exiters
of any age are less efficient than incumbents.) The patterns are very different for plants
idiosyncratic demands. The estimate on the entrant dummy implies that at the same price, anew
plant will sell only 57 percent (€%>°*" = 0.574; the demand measure' s units are logged output)
the output of a plant more than 15 yearsold. This gap closes very slowly. Young plants (fiveto
nine years old) would sell 67 percent of the output of an old plant, and even plants 10-15 years
old would only sell 73 percent as much.

We explore the sources of this demand gap and its slow convergence here. Our proposed
explanation involves dynamic demand side forces—growth of a customer base or building a
reputation, for example—that take considerable time to play out. Caminal and Vives (1999) and
Radner (2003) model examples of such processes. These forces lead to gradual growth of an
entrant’s “demand stock” (at least among entrants good enough to survive). The uncertainties
tied to such processes may also create an option value to the plant of waiting to expand until
further information about the demand processisrevealed (e.g., Dixit and Pindyck (1994)). Itis
aso likely that the rate of demand stock growth and the level of uncertainty are related to the
characteristics of a plant or the firm that ownsiit.

Our view of the customer learning that would drive demand stock growth is much
broader than the simple process of discovering the existence of a producer. While spotty

information about mere existence might be consistent with the large gaps in idiosyncratic

! Because the CM includes all manufacturing plantsin the U.S., we observe all entry and exit, though only at five-
year intervals.



demand present at plants' births, it seems unlikely to explain why convergence takes upwards of
15 years. We posit that learning involves much deeper components, like details of producers
product attributes, the quality and quantity of their bundled services, the consistency of their
operations, their expected longevity, and so on. Having to learn about these features can impart
considerable inertiainto producers demand stocks.

This paper fitsinto anew line of research (e.g., Eslava et al. (2006); Das, Roberts, and
Tybout (2007); and Foster, Haltiwanger, and Syverson (2008)) that has extended the large
literature tying productivity to plant and firm survival (see Bartelsman and Doms (2000) for an
earlier literature summary) to explicitly account for demand-side effects on the growth and
survival of plants. Further, thisliterature also suggests a reinterpretation of productivity’s effects
asinferred from standard measures, because typical productivity measures incorporate demand-
side shocks through their (often necessary because of data limitations) inclusion of producer
pricesin the output measure.

Our empirical analysisistwo-pronged. We first document the evolution of plants
idiosyncratic demand fundamentalsin an atheoretic way. Once these facts are established, we
posit asimple dynamic model of producers decisionsin the face of a dynamic demand process,
and estimate the model using producers behavior in our data. In the model, producers observe
realizations of a stochastic demand process and then choose output levels that in turn feed back
into future sales through a demand stock accumulation process. The model generates an Euler
equation describing establishments’ incentives for investing in this sort of demand capital. We
then use the Euler equation and the demand specification to estimate the model’ s parameters.
These models are informative about the sources of demand growth aswell astheir relative
magnitudes, and allow us to run counterfactual simulations.

Our preliminary results show that while almost all entrants have lower idiosyncratic
demand levels than incumbents, the gap is especialy large for those owned by small or less
experienced firms. Demand convergence rates do differ across plants in different types of firms,
but all exhibit limited speed of catching up to their more established competitors. Perhaps these
patterns reflect large or established firms' pre-existing “brand capital” imparting higher initial
demand levels and perhaps faster customer base growth.

The paper proceeds as follows. The next section describes data and measurement issues.
Section 3 documents basic empirical facts about the evolution of producers’ idiosyncratic



demands in our sample. Section 4 describes the empirical model that we estimate using plants
dynamic choices. Theresults are discussed in Section 5, and Section 6 concludes.

2. Data and M easur ement | ssues

This paper uses the same data set of homogenous goods producers we used in Foster,
Haltiwanger, and Syverson (2008). Details on the selection of our sample and construction of
the variables we use are in that paper as well as the Appendix, so we only highlight key points
here.

The datais an extract of the U.S. Census of Manufactures (CM). The CM coversthe
universe of manufacturing plants and is conducted quinquenially in yearsendingin“2” and “7”.
We use the 1977, 1982, 1987, 1992, and 1997 CMs in our sample based upon the availability and
quality of physical output data. Information on plants’ production in physical unitsisimportant
because we must be able to observe plants' output quantities and prices, not just total revenue
(which is often the only output measure available in producer microdata). The CM collects
information on plants' shipmentsin dollar value and physical units by seven-digit SIC product
category.?

The 17,669 plant-year observationsin the sample include producers of one of eleven
products: corrugated and solid fiber boxes (which we will refer to as “boxes’ from now on),
white pan bread (bread), carbon black, roasted coffee beans (coffee), ready-mixed concrete
(concrete), oak flooring (flooring), gasoline, block ice, processed ice, hardwood plywood

(plywood), and raw cane sugar (sugar).® These products were chosen because their physical

2 A problem with CMs prior to our sample isthat it is more difficult to identify balancing product codes (these are
used to make sure the sum of the plant’s product-specific shipment values equals the plant’ s separately reported total
value of shipments). Having reliable product codes is necessary to obtain accurate information on plants' separate
guantities and prices, important inputs into our empirical work below. A related problem isthat there are erratic
time series patterns in the number of establishments reporting physical quantities, especialy in early CMs. We thus
choose to focus on the datain 1977 and beyond. However, we do use revenue data from prior censuses as far back
as 1963 when constructing plants' ages and demand stocks Z,.

3 Our product definitions are built up from the seven-digit SIC product classification system. Some of our eleven
products are the only seven-digit product in their respective four-digit SIC industry, and thus the product defines the
industry. Thisistrue of, for example, ready-mixed concrete. Others are single seven-digit products that are parts of
industries that make multiple products. Raw cane sugar, for instance, is one seven-digit product produced by the
four-digit sugar and confectionary products industry. Finally, some of our eleven products are combinations of
seven-digit products within the same four-digit industry. For example, the product we call boxesis actualy
comprised of roughly ten seven-digit products. In cases where we combine products, we base the decision on our
impression of the available physical quantity metric’'s ability to capture output variations across the seven-digit
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homogeneity. Thisalows plants output quantities and unit prices to be more meaningfully
compared.

Note that physical homogeneity does not necessarily imply that producers operate in an
undifferentiated product market. Prices vary within industries because, for instance, geographic
demand variations or webs of history-laden relationships between particular consumers and
producers that create producer-specific demand shifts. Further, as we have aready shown,
quantities sold differ tremendously even holding price fixed. Trying to explain why they differ is
the very point of our analysis. Our quantity data are meaningful not due to the complete absence
of differentiation, but rather because there is no differentiation along the dimension in which we
measure output—the physical unit. The notion behind the selection of our sample productsis
that a consumer should be roughly indifferent between unlabeled units of the industry output.
But that does not rule out consumers view as equivalent other products or services (rea or
perceived) that are tied to those units of output. Much of such differentiation, we argue in our
earlier work, is horizontal rather than vertical in nature.

2.1. Idiosyncratic Demand: Concept and M easurement

The plant-level idiosyncratic demand measures that we used in Table 1 above and that we
will usein our descriptive analysisin the next section are obtained by estimating demand for
each of the eleven products in our sample. We describe this process briefly here; again, details
can be found in Foster, Haltiwanger, and Syverson (2008).

We begin by estimating the following demand system separately for each of our eleven
products:

Ing, =a, +, Inp, +) % YEAR +a, ININCOME, ) +7,,

where g is the physical output of plant i in year t, pi; iSthe plant’s price, and #i; is a plant-year
specific disturbance term. We also control for a set of demand shifters, including a set of year
dummies (YEAR,), which adjust for any economy-wide variation in the demand for the product,
aswell asthe average income in the plant’ s local market m. We define local markets using the

products without introducing serious measurement problems due to product differentiation. The exact definition of
the eleven products can be found in the Appendix.



Bureau of Economic Analysis Economic Areas (EAs).*

Plant quantities are simply their reported output in physical units. We cal culate unit
prices for each producer using their reported revenue and physical output.> These prices are then
adjusted to a common 1987 basis using the revenue-weighted geometric mean of the product
price across all of the plants producing the product in our sample.

Of course, estimating the above equation using ordinary least squares (OLS) methods
could lead to positively biased estimates of the price elasticity a;. Producers may optimally
respond to demand shocks in #;; by raising prices, creating a positive correlation between the
error term and p;. A solution to thisisto instrument for p;; using supply-side (cost) influences on
prices. While such instruments can sometimes be hard to come by in practice, we believe we
have very suitable instruments at hand: namely, plants’ physical TFP levels. These embody
producers’ idiosyncratic technical efficiency levels—their physical production costs. As such,
they should have explanatory power over prices. They do. The correlation between plants
physical TFP and pricesin our sampleis-0.54. Further, it isunlikely they will be correlated
with any short-run plant-specific demand shocks embodied in 7;;. Hence they appear quite
suitable as instruments for plant prices.®

The price and income elasticity estimates from the above demand equation are not
reported here for space reasons, but are available in Foster, Haltiwanger, and Syverson (2008).
The estimates are reassuring about our estimation strategy. All estimated price elasticities are
negative, and for all but carbon black, they exceed one in absolute value. Thisiswhat one
should expect; price-setting producers should be operating in the elastic portion of their demand
curves. (Carbon black’sinelastic point estimate may be due to the small number of producers of

that product in our sample; we cannot in fact reject that carbon black producers face elastic

* EAs are collections of counties usually, but not always, centered on Metropolitan Statistical Areas. The 172 EAs
that are mutually exclusive and exhaustive of the land area of the United States. See U.S. Bureau of Economic
Analysis (1995) for detailed information.

® The reported revenues and physical quantities are annual aggregates, so the unit priceis an annual average. Thisis
equivalent to a quantity-weighted average of al transaction prices charged by the plant during the year.

® There are two potential problems with using physical TFP as an instrument. The first is that selection on
profitability can lead to a correlation between TFP and demand at the plant level, even if the innovations to both
series are orthogonal as assumed. Producers with a higher TFP draws can tolerate lower demand draws (and vice
versa) while still remaining profitable. The second potential problem is measurement error. We compute prices by
dividing reported revenue by quantity and any measurement error in physical quantitieswill overstate the negative
correlation between prices and physical TFP, potentially contaminating the first stage of the IV estimation. We
describe in Foster, Haltiwanger, and Syverson (2008) how we deal with these issues. We found the patterns of
demand estimates to be quite robust, reducing concerns about either measurement issue.
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demand.) Further, all products, again except for carbon black, have more elastic 1V demand
estimates than in the OL S estimations. Thisis consistent with the theorized simultaneity bias
present in the OL S results as well as the ability of TFPQ to instrument for endogenous prices.

The idiosyncratic demand estimates for our sample plants are ssmply the residual from
this 1V demand estimation, along with the estimated contribution of local income added back in.
Thus the measure essentially captures across-plant output variation that reflects shiftsin the
demand curve rather than movements along the demand curve.

The dispersion of our producer-specific demand measureis huge. Its within-product-year
standard deviation is 1.16 (recall the measure’' s units are logged output). Thisimpliesthat a
plant sells 3.2 times as much output at a given price as another in itsindustry that is one standard
deviation lower in the idiosyncratic demand distribution. By way of comparison, the comparable

standard deviations of logged physical TFP and logged prices are 0.26 and 0.18, respectively.

3. Factsabout Plants' Idiosyncratic Demands

In this section, we expand on the exercise donein Table 1 to explore how the relative
levels and convergence of idiosyncratic demand levels change with plants' attributes. Asbriefly
mentioned above, a possible source of differences in idiosyncratic demand patterns are the types
of firmsthat own the plants. Dynamic demand effects from customer learning or other similar
processes might be impacted by the type and form firms to which plants are tied.

Consider the following example. Two new plants are built in anindustry. Oneisade
novo entry by afirm with no prior experience; the other is opened by afirm with considerable
history in the industry (though perhapsin a different local market). We might expect that the
latter will enter with a higher idiosyncratic demand, because customers may already be familiar
with the plant’s product (or at least its firm). This might also impact the speed at which demand
convergence OCcCurs.

To begin exploring these possihilities, we again project plants' idiosyncratic demand
measures on plant age indicators, but this time interact those indicators with variablestied to
characteristics of the firms that own the plants. In the first specification, we will simply allow
the age dummiesto differ for plants that are part of a multi-plant firm. (The firm’s other plants
need not make the same product, or even be manufacturers for that matter.) Thisisacrude

proxy for firm size. The second specification will use a series of dummies for the age of the



firm, defined as the age of the firm’s oldest plant. These will be interacted with the plant age
dummies. The notion isthat plants of older, more established firms may start larger and grow
faster than those of newer firms. (Again, the remainder of the firm’s activities need not be in the
sameindustry. Infuture drafts, we will break this out specifically, allowing not only firm age,
but the firm’slength of producing the plant’s particular product, to affect plant idiosyncratic
demand.)

The results looking at the impact of multi-unit firm status are shown in Table 2. The
upper row shows the coefficients on the age categories, the lower those for the age categories
interacted with the multi-plant firm indicator. Hence the upper row reflects the evolution of
idiosyncratic demand for single-unit plant/firms, while the column-wise sum of the two rows’
values shows the same evolution for plants in multi-plant firms (multi-plant firms account for 59
percent of the observationsin our sample). Note here that the excluded group is different from
that in Table 1. There, it wasall “old” plants (those having first appeared three or more CMs
prior, and who are therefore at least 15 yearsold). Here, it isonly old plantsin single unit firms.
Hence the age coefficients show groups average idiosyncratic demands relative to this group
rather than all old plants. Since, aswe will see, old plants in multi-plant firms are the largest
plantsin our sample, their separation from the excluded group will be noticeable.

Theresults are interesting. Single-unit plants exhibit similar patterns to those seen
before. Entrants have considerably smaller idiosyncratic demand levels than do established
incumbents; they sell 27 percent less output at a given price than do old single-unit plants, and
undersell old multi-unit plants by 58 percent. There is some convergence between entry and
being 5-9 years old (“young”), where single-unit plants have demand levels 16 percent below old
single-unit plants. But then convergence largely stalls; medium-aged plants still have 14 percent
demand deficits.

For plants in multi-plant firms, similar qualitative relationships are present, but their
demand levels are higher than single-unit plants at every age. That said, they’re still
considerably smaller than old plants in multi-unit firms, with average demand levelsthat are only
two-thirds that of their older counterparts. Convergenceissimilarly slow among multi-unit
plants. (Interestingly exiting plants in multi-unit firms have lower average demand levels than

single-unit exiters. We will seethisinversion again below in the interaction with firm age.)



It therefore appears that new plantsin small firms (by our crude measure) face
significantly lower idiosyncratic demand levels than do their new competitors in multi-plant
firms. Nevertheless, both types of plants see theinertial convergence patterns observed in the
broader sample, suggesting demand dynamics are at work in both cases.”

Estimating the interactions between firm and plant age yields the resultsin Table 3. A
fully interacted model with four plant and firm age categories each, for both single- and multi-
unit firms, would unfortunately create some subsample cells that are too small to be useful for
identification and would possibly violate data confidentiality standards. We therefore pool some
categoriestogether. First, we only break out firm age effects for plantsin multi-unit firms.
Further, we pool firmsthat are young- or medium-aged (i.e., whose first plant was observed
either one or two CMs prior). Note also that some plant-firm-age categories cannot exist by
definition, and are such missing from the estimation. There cannot be a medium-aged plant in an
entering or young firm, for example. Old plantsin single-unit firms are again the excluded
group.

Focusing on the multi-unit plant results in the bottom three rows, we see that among
firmsthat are at least 15 years old, the basic convergence patterns seen before hold here as well.
Entering plants of old firms have demand levels that are 63 percent of old plantsin this type of
firm. Growth isslow for thefirst five years: old firms' young plants have 65 percent of the
demand level. Demand growth accelerates after this somewhat, but medium-aged plants still
have notably (24 percent) lower demand levels.

For young- and medium-aged firms, we also observe that entrants are smaller than
longer-lived plants in such firms (though there can be no old plants in these firms). Notice, too,
that plantsin young- and medium-aged firms have lower demands than plants of the same age in
older firms. The only result that is not in accordance with these general patterns across firm and
plant ages involves entering plants in entering multi-unit firms. While as might be expected their
demand levels are smaller than that of old plantsin old firms (on average 68 percent of the
level), they have higher idiosyncratic demands than entering plantsin older firms. Another

" Of course, single-unit plants are not restricted to remaining in single-unit firms their entire life, nor for that matter
are multi-unit plants restricted to those type of firms. The more common transformation between these is for a plant
in asingle-unit firm to become part of a multi-unit firm, either through acquisition by another firm or through its
own firm acquiring additional plants. From this perspective, the low demand levels and slow convergence of single-
unit entrants becomes even starker, vis-a-vis their demand levelsrelative to old plantsin multi-unit firms.
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interesting result is that exiting plantsin old firms tend to be exceptionally small—smaller, in
fact than entering single-unit plants.

Theresultsin Table 3 show there are nontrivial distinctionsin the levels and growth of
plant demand in firms of different ages. The broadest pattern is one of older firms being tied to
higher demand levels at any plant age, just as with firm size again. But also as with the firm-size
results above, the demand gaps are still large within any firm type, and these diffuse demands
close only slowly over time.

While these results themselves do not uniquely identify an explanation for the patterns
seen in the evolution of plants' idiosyncratic demand levels, they are consistent with the dynamic
demand model. We will explore more specific possibilities further in future drafts in exercises
like those above done with a greater array of firm attributes. There are several possible avenues.
We will, for example, seeif distinctionsin plant demand growth exist between firms not just of
different ages, but with different prior experiences in making the plant’s particular product. (We
observe the product-by-product production history of every plant, making this measurement
possible.) When a new plant’s firm already makes the same product at other locations,
consumers’ familiarity with the firm and its ability to make the new plant’s product should make
demand spillovers more likely, and lead to faster demand growth if these spillovers matter. This
product-level effect may be distinct from the broader firm-level mechanisms hinted at in our
Table 3 results above.

Another approach is to account for geography explicitly. Several of our sample products
have localized markets (e.g., concrete, ice, and boxes). We can measure whether new producers
arein marginal locations by comparing their sales to more established producersin the same area
within the market. Further, if other evidence suggests demand spillovers in customer bases are
important, we will be able to see the role that physical proximity to the firms' other plants plays

in determining their magnitudes.

4. Modd

The analysis above shows various relationships between the attributes of plants and firms
and the evolution of producers' idiosyncratic demand levels. Many of the patterns suggest
dynamic demand factors are at play—perhaps involved with producers having to build a

customer base or reputation, for instance. To address the inherent dynamics more directly, we
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now pose a model that explicitly buildsin a dynamic demand process that has both exogenous
components and a component that is affected by the producer’s choices. We will estimate this
model using the growth patterns of producersin our dataset to obtain guidance as to the specific
sources of demand growth.

We assume the plant faces an isoel astic contemporaneous demand curve:

D a=6AgZ/p",

where py isthe current price charged by the plant. Several factors shift the demand curve. 4 is
an exogenous demand shock that we assume follows an AR(1) process. Age isthe plant’s age.
Along with parameter ¢, this accounts for deterministic changesin plants' demand as they age.
Finally, Z; is ademand shifter that with parameter ylinks a plant’s current activity to its future
expected demand level. Specifically, we assume that Z; evolves according to the following
process:

2 Z =(1-90)Z,,+(1-9)R_,.

Thus, Z; isasort of operating history of the plant. It grows with past plant sales R
(defined as piq;), subject to depreciation at arate 6. This process captures dynamic demand
processes where a plant’ s potential customer base isrelated to its past sales activity. For
instance, the process embodies many types of “word of mouth” effects consumers are more
likely to have heard about a producer or its product if it has operated more in the past.

The plant’ s production function is given by
3  a=Ax,
where g; isthe plant’s output, A; isits TFP level, and x; isitsinput choice. Thisinput can be
thought of as a composite of labor, capital, energy, and materials inputs, weighted appropriately.
(For example, if the technology is Cobb-Douglas and there are constant returns to scale, the
composite would be the plant’ s inputs raised to their respective input elasticities.)

The plant faces two costs: a factor cost of ¢; per unit of x; and a fixed operating cost of f
per period. This, along with the production function, implies the plant’s periodic profit function
is

7, =P A% —-cX—T.

Using the demand curve to substitute in for price and simplifying, we have

11
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The plant manager maximizes the present value of the plant’s operating profits.® This

problem can be expressed recursively as follows:

r 7 1= 1=

19 oy 1,1
(B)\V(Z,, A, Age.6,)= maX{O,supﬁt” AgelZ A "x " —cx — T+ BEV(Z,1, AL, Agewlﬂwl)},
X

where V(-) isthe plant’ s value given state variables. Z is endogenously affected by the plant’s
input choices; the plant’s age, TFP, and demand shock & evolve exogenously. The futureis
discounted by afactor of f< 1.

The plant’s continuation decision is made explicit in (5): it can operate and earn the
profits this entails (the second item in the braces), or it can exit and earn the outside option
(normalized to zero here). If it choosesto operate, it takes as given its past operating history as
summarized in Z; and chooses current inputs x; to maximize its present value. Because of the
form of the production function and the demand curve, this choice of x; simultaneously pins
down the plant’s output and its price as well.

The dynamicsinherent in the plant’ s choice problem are apparent: by producing more
today, the plant can shift out its demand curve tomorrow. The optimal production level
(equivalently: the optimal price) in this case will be higher (lower) than that implied by a purely
static problem where current price is not tied to future demand. Thisis consistent with what we
found in Foster, Haltiwanger, and Syverson (2008): young plants had lower average prices than
older plantsin the same industry.

Optimal dynamic behavior (the plant’s x; trajectory) conditional on survival is given by

the Euler equation implied by the supremum in (5):

C. 1 1 1 [ 4 N
_ 1—= 18" Age" Z"
(6) (1_5)ptA 1_5( HJ v AJ& £ (AXI) 1 Py
1 L4 1 '
. B P A+ X1 1 Cin
= ﬂE th Ag 747- th 1+ P 1{1#_(]‘_—jﬁ| t—
{ O A ) B N Za n)] PuAa

8 We abstract from any agency issues that may arise between plants’ managers and the owners of these
establishments (if they are different people).
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This expression is dightly unwieldy. Moreover, it includes a state variable & that is observable
to the plant manager but unobserved by us.” While there are techniques for estimating Euler
equations with unobserved state variables, it is preferable to work only with observables.

Fortunately, we use the demand curve to substitute for the unobservable. We solve (1)
for 8 and substitute the result into (6). Thisyields, after some algebra,

0 L_(l_lj P9y L gig 14 pa- 5){%&} ‘[1_1)} |

P A n n i PraAi n

The intuition behind the plant’s optimal dynamic behavior can be seen in this simplified
Euler equation. Thefirst term on the left hand side is the inverse of the plant’s price-cost ratio
(note that the production function implies the plant’s marginal cost is c/A;). The second termisa
function of the elasticity of demand familiar as the inverse of the optimal markup for afirm
facing aresidual demand elasticity of —7. Thus the left hand side of the equation, in a
completely static production/pricing optimization problem, would be zero. Itisnot generally so
here, and that is because of the dynamics discussed above. Since the plant shifts out its demand
curve tomorrow by making more salestoday, it will want to markup price less over marginal cost
than it would in a static world to induce extra sales. (Another way to think about thisisthat its
marginal revenue now isn’t just that implied by the contemporaneous demand function, but now
also includes the discounted expected increase in future demand from the growth in *“demand
stock” Z). With alower markup than implied by the static markup rule, the cost-price ratio in the
first term will be larger than the second term, and thus the left hand side generally positive.

The first right-hand-side term is a parameter-dependent constant multiplied by the ratio of
the plant’ s expected next-period revenue and its operating history captured in Zi.1. (Zw+1 isnot
preceded by an expectation operator because it is solely afunction of period-t values; see (2).)
Thisterm is positive as long as the exogenous impact of age on demand is positive.

The second term on the right hand side is the same markup function as that on the left
hand side of the Euler equation, except it isfor prices and costs in the next period. Of course,
being in the future, it is affected by discounting and the depreciation of Z;, and it holdsin

° We observe all the other state variablesin our dataset, the Census of Manufactures (CM) microdata. Age, by five-
year categories, is available because we have a census of all establishments every fifth year. A, total factor
productivity, can be measured from the plant’ s reported output and inputs. Z, the plant’ s sales history, can be
constructed (given avaue for ) from the plant’s sales reported in past CMs.
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expectation rather than ex-post. Again, thisterm would be zero in a static setting but is positive
here.

When the first right-hand-side term is positive, the second term will be less than the
current-period inverse markup expression. Thusit is possible that the future markup expression
in the braces will be lower than its current-period counterpart—i.e., the price-cost ratio will be
higher in the next period. Thus the plant reduces the extent to which it underprices for future
demand. Asthe plant ages, the ratio of its next period revenue to its demand stock Zi.1 will fall.
Thiswill drive the first right-hand-side term toward zero. In the limit, the only stable dynamic
path will be for the plant to set its markup equal to the static rule, setting all termsin the Euler
equation equal to zero. Thus we should expect young plants to have the smallest margins, and
then see them rise to the short-term optimum as the plant ages. How fast marginsriseisa

function of the depreciation rate of the plant’s demand stock.

4.1. Estimation

To estimate the model’ s parameters using (7), we proceed as follows.

We observe plant revenues in every Census of Manufactures. Thus R; is directly
observable and past revenues can be used to construct the plant’s demand stock Z; as a function

of past sales and the depreciation rate:
Z = (- 5)7 thr + Z(l_ §)i R
i=1

where 7is the number of periods the plant has operated.™

This leaves us with the plant’ s factor costs ¢, its price p;, and itstotal factor productivity
(TFP) A.. The priceisobservable in our data, since we observe a plant’ s revenues and physical
guantities both, and can therefore construct average unit prices. TFP is also measurable using

19\we face two practical constraintsin the construction of Z,. The first deals with initiaizing its value at plant birth,
Zy. Since Z; is affected only by salesin periods prior to t, Zg is nhot simply first-period sales. Furthermore, simply
setting Zo = 0 is not an option, since this would imply by the demand curve (2) that demand is zero. We are now
using Zp = 1 as an initialization, but we will explore additional approachesin future drafts. One seemingly fruitful
possibility isto estimate Z, as a separate parameter, and to let its value vary across plants of different types. Aswe
have discussed, there are systematically different plant demand patterns depending on the type of firm that owns the
plant. Itispossiblethat some of these differences reflect differencesin initial demand stocks. The second
estimation issue is that we do not observe plant sales in the four years between censuses. Hence we can only build Z
stocks using observed revenues. Essentially, we are assuming that sales are constant between censuses and ignore
the impact of depreciation in the intervening years. We expect the fact that the cross-sectional variation in sales
tends to swamp any intertemporal variation within plants to mitigate this measurement problem.
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index number techniques or through estimating the plant’s production function. Factor costs ¢;
are abit more problematic. We have data on the prices plants pay for electricity, but we only
have total expenditures for other intermediate inputs. We observe wage rates, though these may
embody unobservable labor quality differences, and we don’t see plant-specific capital rental
rates.

However, these measurement issues can be avoided entirely by noting that if we multiply
both the numerator and the denominator of the cost-price ratio by the plant’ s quantity, the ratio

becomes the plant’ stotal variable costs as a share of revenue. That is,

C _(,_1|_pr 1 _ Caa| (1
3R [1 77)_ N Ze Bl A 5){E[RJ [1 n]}

where C; aretotal variable costs. Both plants' variable costs and revenues are readily observable

in our data.™*

Thus we can observe in our data all of the components of the Euler equation, up to
parameters. To estimate the Euler equation, we assume that the expectation errors are additively
separable, and that their mean is zero at the true parameter values. This gives us the moment
condition:

®  Ele. :3—(1—1}&&— - 5){i—(1—ln -0,
R ] n

We use this moment condition to search over parameter space to estimate the model’s
parameters.

Note that while equation (6)—the version of the Euler equation with the plant’s
unobservable state variable 6—includes all of the model’ s parameters, equation (7) is missing ¢,
the effect of age on plant demand. Substituting out for 6; using the demand curve caused the
Age termsto cancel. However, we can still recover ¢. Wefirst estimate (8) as described above.
Then, with estimates of 7, 6, and yfrom this, we can use the demand curve (1) and the plant’s
observed output, price, and Z; to recover ¢. We estimate the following equation:

9) Ing, —7InZ, +77Inp, =6, +pIn Age, .
This two-step approach also has the added benefit of letting us estimate the demand shock

process 4 as the residual of the equation. We can be flexible in the way we model how this

1 Though we have to make an assumption about the size of fixed costs.
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shock evolves, from imposing various stochastic processes (e.g., an AR(1)) to alowing for plant
fixed effects.

A second thing to note about (8) isthat it holds conditional on survival, which is of
course afunction of the state variables. NOTE HERE ABOUT SELECTION AND HOW TO
HANDLEIT.

| dentifying the model’ s parameters using Euler equation estimation is appealing because
it uses the plant’ s dynamic choices to estimate parameters of what is an inherently dynamic
process. The basic identification in this case comes from changes in plants' cost-revenue ratios
over time, and their covariance with the plant’ s current-revenue-to-demand-stock ratio (see (8)).

However, there is a separate approach to estimating the model’ s parameters: estimating
the demand curve directly. While it does not explicitly use the plant’ s dynamic decisions for
identification, it has the appeal of offering parameter estimates obtained from fundamentally
different variation in the data. Checking the consistency of the two sets of estimates will alow
us to gauge the model’ s quality.

This second identification approach involves estimating the demand curve directly:

(10) Ing, =6, +¢InAge, + yln(i(l— 5)i‘1R[_i]—nIn P,

i=1
where we have replaced Z; with its expression from (2). This equation can estimated using
nonlinear methods. Of course, as with the demand-estimation exercise described in Section 2,
thisis also subject to the classic identification problem of separating demand- from supply-side
shifts. But again we can use plants' physical productivity values A; as an instrument for
endogenous prices.

Unlike the Euler equation approach, which identifies parameters from changes in plants
cost-revenue and revenue-demand-stock ratios, demand estimation relies on variations (both
across plants and within plants over time) in age, past revenues, and cost-driven price shifts for
identification.

4.2. Discussion
The comparison between the estimates of ¢ and ¥ which respectively parameterize the
influence of plant age and past output on demand, will be informative about the sources of the

dynamics of the demand process discussed above. Age captures deterministic demand shifts that
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would happen regardless of the level of aplant’s past activity. Z;, on the other hand, captures
past activity’sinfluence directly. Models that posit dynamic demand linkages through passive
consumer learning imply that the influence of plant age will be greater, while those emphasizing
learning (or habit formation, perhaps) driven by activity will show alarge influence of Z;. We
can distinguish between these possibilities in the data—or perhaps more precisely, we can
measure the relative importance of each.

In future versions of the paper, we will estimate the model for separate subsamples of
plants. The subsamples will be chosen, as with those explored in Section 3, based on plant

attributes that one might expect will affect the speed or nature of the dynamic demand process.

5. Resultsand Discussion

We have begun preliminary estimation of the modified Euler equation (7a). We have
discovered some sensitivity in the estimate of dto specific instrument set. Asaresult, our initial
approach fixes various values for ¢ and then estimates the other parameters conditional on those
values. Thiswill give us an idea as to how the model’s parameters work to let it fit the data.

The results of this exercise are shown in Table 4. It shows estimates of 77 and yobtained
when setting 6={0.01, 0.1, 0.2, 0.4, 0.6, 0.8, 0.86, 0.9, 0.99}. The estimates are obtained using
GMM with an instrument set that includes an assortment of contemporaneous and lagged values
of variables as instruments (Cc.1, Ct, Pr-1, Pt, A1, A, Re1, Ry, Zi1, Z;). Weignore issues of selection
on survival for the time being; work is underway to make such adjustments.

Several patterns emerge from the table. First, both parameters are estimated fairly
precisely. Second, lower values of ¢ (meaning the influence of past sales on a plant’s current
“demand stock” Z depreciates slower) lead to lower estimates of ¥ the influence of Z on current
sales. Indeed, estimates insignificantly different from zero for 6< 0.8. Thisis consistent with
there being an inherent limit in the data regarding the correlation of past and current sales. If we
force dto be low—and thus past sales to enter into the current demand functionin a“big” way—
then the model wants to diminish the impact of Z on current sales. If dislarge, on the other
hand, so past sales' influence on the demand stock fades quicker, then the model attributes more
explanatory power to thissmaller Z. Third, except for very low values of ¢, the estimates of the

demand elasticity are plausible and somewhat consistent, ranging from about —4 to 6. These
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values roughly correspond (though are somewhat larger in magnitude) to the product-specific
elasticities we estimated using the same sample in Foster, Halitwanger, and Syverson (2008).
These very early results are encouraging in that they indicate we should be able to
identify 77 and ygiven the available data. Obvioudly, estimating d'is a priority of our ongoing
work, aswell as recovering ¢ (which parameterizes the effect of plant age on current demand)
from the demand function estimatesin (9) or (10). We anticipate using system GMM methods to

obtain these estimates.

6. Conclusion

To be written.
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Table 1. Evolution of Productivity and Demand across Plant Ages

Plant Age Dummies

Variable Entrant Y oung Medium Exiter
Physical TFP 0.0128 0.0046 -0.0039 -0.0186
(0.0053) (0.0058) (0.0062) (0.0050)
Demand Shock -0.5557 -0.3985 -0.3183 -0.3466
(0.0264) (0.0263) (0.0267) (0.0227)

Note: Thistableisan extract from Table 5 in Foster, Haltiwanger, and Syverson (2008). It shows the coefficients on
indicator variables for exiting, entering, and continuing plants of two age cohorts (shown by column; “young”
establishments first appeared in the census five years ago, “medium” establishments first appeared in the census ten
years ago) when we regress plant-level productivity and demand levels on these indicators and afull set of product-
year fixed effects. The excluded category is plants that appeared three or more censuses prior. The sample includes
17,314 plant-year observations for from the 1977, 82, 87, and 92 Census of Manufactures. Standard errors,

clustered by plant, are in parentheses.



Table 2. Evolution of Demand across Plant Ages—Interactions with Firm’s Multi-Unit Status

Plant age dummies

Variable Entrant Y oung Medium Old Exiter
Demand shock -0.316 -0.172 -0.149 Excl -0.179
(0034 (0035  (0.038) : (0.031)

Demand shock x 0.111 0.131 0.245 0.547 -0.293

multi-unit firm indicator (0.038) (0.041) (0.045) (0.026) (0.023)

Note: Thistable repeats the analysis of Table 1, but now allows plant age effects to vary with the multi-unit status of
the plant’s owning firm. The excluded category includes plants in single-unit firms that appeared three or more
censuses prior. N = 17,314 plant-year observations. Standard errors, clustered by plant, are in parentheses.



Table 3. Evolution of Demand across Plant Ages—Interactions with Firm’s Age

Variable

Plant age dummies

Entrant Y oung Medium Oold Exiter

Demand shock -0.316 -0.175 -0.144 Excl -0.179

(0.034) (0.034) (0.036) ' (0.031)

Demand shock x firm is multi- 0.176 -0.179
unit and an entrant (0.066) N/A N/A N/A (0.110)
Demand shock x firm is multi- 0.007 N/A 0.130 N/A -0.116
unit and young or medium (0.041) (0.044) (0.077)
Demand shock x firm is multi- 0.096 0.126 0.279 0.555 -0.342
unit and old (0.042) (0.044) (0.047) (0.026) (0.045)

Note: Thistable repeats the analysis of Table 1, but now allows plant age effects to vary with the multi-unit status
and age of the plant’s owning firm. The excluded category includes plants that appeared three or more censuses
prior. N = 17,314 plant-year observations. Standard errors, clustered by plant, are in parentheses.



Table 4. Euler Equation Estimates, Given Fixed Values of 6

o n Y
0.01 1.79 -0.02
(0.65) (0.03)
0.10 3.89 -0.05
(1.02) (0.04)
0.20 5.00 -0.04
(1.02) (0.08)
0.40 5.85 -0.01
(0.87) (0.08)
0.60 5.68 0.09
(0.67) (0.07)
0.80 4.90 0.25
(0.40) (0.05)
0.86 4.66 0.29
(0.33) (0.04)
0.90 454 0.31
(0.29) (0.03)
0.99 4.31 0.36

(0.23) (0.03)




Appendix

A.1. Defining Our Products

As background to how we define our products, it isfirst necessary to understand the product coding scheme
that Census uses. There are three types of codes that we highlight. First, Census codes flags products from
administrative records (AR) sources. We exclude all of these AR products from our analysis. (Including in our
measures of PPSR sinceit is obviously not possible to assign these AR productsto a single 7-digit code.) Second,
Census uses balancing codes to correct cases in which the sum of the total value of shipments of reported individual
products does not sum to the reported total value of shipments. Census identified these balancing codes using special
suffixes for the product codes in every census year except in 1987. Where balancing codes are identified, they have
been deleted. Finally, Census collects data on receipts for contract work, miscellaneous receipts, and resales of
products. These products are excluded from our calculations of PPSR (again, because it is obviously not possible to
assign these AR productsto asingle 7-digit code). Asafina exclusion, we did not include any products in that have
a negative value since these are presumably balancing codes. The precise definitions of our eleven products are
listed below (with 7-digit product codes in parentheses).

Boxes is defined as the sum of boxes classified by their end use and boxes classified by their materials. Boxes
classified by end use are: food and beverages (2653012), paper and allied products (2653013), carryout boxes for
retail food (2653014 category startsin 1987) glass, clay, and stone products (2653015), metal products, machinery,
equipment, and supplies except electrical (2653016), electrical machinery, equipment, supplies, and appliances
(2653018), chemicals and drugs, including paints, varnishes, cosmetics, and soap (2653021), lumber and wood
products, including furniture (2653029), and all other ends uses not specified above (2653029 in 1977 and 1982,
2653030 in 1987). Boxesclassified by their materials are: solid fiber (2653051), corrugated paperboard in sheets
and rolls, lined and unlined (2653067), and corrugated and solid fiber pallets, pads and partitions (2653068). The
physical datafor boxesis measured in short tons.

Bread is defined as one 7-digit product, white pan bread (2051111), until 1992 when it was split into two products
white pan bread, except frozen (2051121) and frozen white pan bread (2051122). The physical datafor bread is
measured in thousands of pounds.

Carbon Black is defined as one 7-digit product, carbon black (2895011 in 1977, 2895000 thereafter). The physica
datafor carbon black is measured in thousands of pounds.

Coffeeisthe sum of whole bean (2095111), ground and extended yield (2095117 and 2095118 in 1982 and 2095115
thereafter), and ground coffee mixtures (2095121). The physical datafor coffeeis measured in thousands of pounds.

Concrete is defined as one 7-digit product, ready-mix concrete (3273000), over our entire sample. Some of the
products coded as 3237300 in 1987 were in fact census balancing codes and thus were deleted from our sample. The
physical datafor concrete is measured in thousands of cubic yards.

Flooring is defined as one 7-digit product, hardwood oak flooring (2426111), over our entire sample. The physical
datafor flooring is measured in thousands of board feet.

Gasoline is defined as one 7-digit product, motor gasoline (2911131), over our entire sample. The physical datafor
gasoline is measured in thousands of barrels.

Block Iceis defined as one 7-digit product, can or block ice (2097011), over our entire sample. The physical data
for block ice is measured in short tons.

Processed Ice is defined as one 7-digit product, cubed, crushed, or other processed ice (2097051), over our entire
sample. The physical data for processed iceis measured in short tons.

Plywood is defined as one 7-digit product, hardwood plywood (2435100), over 1977-1987. Starting in 1992,
plywood is the sum of veneer core (2435101), particleboard core (2435105), medium density fiberboard core



(2435107), and other core (2435147). The physical datafor plywood is measured in thousands of square feet
surface measure.

Sugar isdefined as one 7-digit product, raw cane sugar (2061011), over our entire sample. The physical datafor
sugar is measured in short tons.

A.2. Measurement of input levelsand input elasticitiesin the TFP indexes.

This section reports details on the measurement of input levels and elasticities in the TFP measures
described in Section 3.

Labor inputs are measured as plants’ reported production-worker hours adjusted using the method of Baily,
Hulten and Campbell (1992). Thisinvolves multiplying the production-worker hours by the ratio of total payroll to
payroll for production workers. Prior work has shown this measure to be highly correlated with Davis and
Haltiwanger’s (1991) more direct imputation of nonproduction workers, which multiplies a plant’s number of
nonproduction workers by the average annual hours for nonproduction workers in the corresponding two-digit
industry calculated from the CPS. Capital inputs are plants' reported book values for their structure and equipment
capital stocks deflated to 1987 levels using sector-specific deflators from the Bureau of Economic Analysis. The
method is detailed in Foster, Haltiwanger and Krizan (2001). Materials and energy inputs are simply plants
reported expenditures on each deflated using the corresponding input price indices from the NBER Productivity
Database.

To compute the industry-level cost shares that we use to measure the input elasticities ¢, we use the
materials and energy expenditures along with payments to labor to measure the costs of these three inputs. We
construct the cost of capital by multiplying real capital stock value by the capital rental rates for the plant’s
respective two-digit industry. These rental rates are from unpublished data constructed and used by the Bureau of
Labor Statistics in computing their Multifactor Productivity series. Formulas, related methodology, and data sources
are described in U.S. Bureau of Labor Statistics (1983) and Harper, Berndt, and Wood (1989).

A.3. Rulesfor Inclusion in the Sample

While the Economic Census datawe useis very rich, it still has limitations that make necessary three
restrictions on the set of producersincluded in our sample. First, we exclude plantsin asmall number of product-
years for which physical output data are not available due to Census decisions to not collect it or obvious recording
problems. Second, we exclude establishments whose production information appears to be imputed (imputes are not
aways identifiable in the CM) or suffering from gross reporting errors. Third, we impose a product specialization
criterion: a plant must obtain at least 50% of its revenue from sales of our product of interest. Thisrestriction
reduces measurement problemsin computing physical TFP. Because plants’ factor inputs are not reported
separately by product but rather at the plant level, we must for multi-product plants apportion the share of inputs
used to make our product of interest. Operationally, we make this adjustment by dividing the plant’s reported output
of the product of interest by that product’s share of plant sales. Thisrestriction is not very binding in seven of our
products whose establishments are on average quite specialized. Bread, flooring, gasoline, and block ice producers
are less specialized, however, so care must be taken in interpreting our sample as being representative of all
producers of those products. We test below the sensitivity of our results to the inclusion of less specialized
producers.”? Characteristics of the final sample can be seenin Table A.1.

Census reports physical product data for only a subset of the 11,000 products reported in the Census of
Manufactures. While we use only products for which physical output is reported, the collection of this data has
changed over time for two of our products. (See Table A.1.) Censusdid not collect physical output for ready-mix
concrete in 1997, and the unit of measurement for boxes changed over our sample period in away that makes the

12 This input-adjustment method in effect assumes inputs are used proportionately to each product’s revenue share.
For example, a plant producing 1000 cubic yards of ready-mixed concrete accounting for 80% of its shipment
revenues will have the same physical TFP value as a completely specialized plant producing 1250 cubic yards of
concrete, assuming they employ the same measured inputs. Without adjusting the output, the first plant would
appear less productive because the inputsit usesits other products would be instead attributed entirely to ready-
mixed production. The average share of our sample plants’ values of shipments accounted for by the corresponding
product is given in parentheses: boxes (93), bread (39), carbon black (96), coffee (86), concrete (92), flooring (46),
gasoline (49), block ice (37), processed ice (76), plywood (64), and sugar (90).



1992 and 1997 dataincomparable to the earlier periods. Additionally, there are recording flaws in the 1992 quantity
data for processed ice that make using it unfeasible.

The Census Bureau relies on administrative record data for very small establishments (typically with less
than five employees). In these cases all production data except total revenues and the number of employees are
imputed, and production operations are classified only up to the four-digit industry level. Since our unit of analysis
is more detailed than the four-digit industry, we cannot determine whether a particular administrative record
establishment actually produces the product of interest. For these reasons, we exclude administrative records cases
from our sample. While about one-third of CM establishments are administrative records, their output and
employment shares are much less because they are such small plants.

We also exclude establishments whose data appear to be imputed or suffer from reporting or recording
errors. The Census Bureau imputes physical quantities when product-level data are not fully reported.
Unfortunately, imputed data are not explicitly identified. To distinguish and remove imputed product-level data
from the sample, we use techniques similar to those employed by Roberts and Supina (1996, 2000). To minimize
the influence of reporting and recording errors, we also remove a small number of plants reporting physical
guantities that imply prices greater than ten times or less than one-tenth the median pricein agiven year. In order to
maintain the same sample over all exercises, we del ete observations that are missing any one of the main regression
variables. We a so delete observations when the plant’s labor or materials cost share is less than one-tenth of the
corresponding industry’ s average cost share for that year, or when the cost shareis more than one. Finaly, we till
find arelatively small number of obvious outliersin physical quantity measures, so we trim the one-percent tails of
the physical productivity (TFPQ) distribution.

Our product specialization criterion requires that plants obtain at least 50% of their revenue from our
product of interest. The text discusses the measurement reasons for imposing this restriction as well as describing a
robustness check with respect to this product specialization cutoff.

A.4. Characteristics of Establishments by Product

In this section we briefly characterize some of the relevant properties of the establishments that produce our
products. Table A.1 shows characteristics of the sample by product. Thefirst five columns show the number of
establishments in our sample by year for each product. The second to last column shows the real revenue shares of
each product. Real revenue isthe weight used in our weighted regressions. Concrete clearly dominates our sample
in terms of the number of establishments while gasoline dominates in terms of the revenue share. The table'slast
column shows mean logged income (income is taken from Census reports for the county in which the plant is
located) for each product in our sample. Concrete has the highest mean log income while carbon black has the
lowest.

Table A.2 shows the entry and exit rates by product for the data pooled over all available years. Entry rates
range from alow of 3.9 for sugar to ahigh of 26.6 for concrete, while exit rates range from alow of 9.0 for gasoline
and to a high of 27.7 for processed ice. Some products appear to be in a period of retrenchment or consolidation.
Sugar for example, has avery low entry rate (3.9) but a high exit rate (17.0). The number of plantsin the sugar and
confectionary products industry (SIC 2061) has fallen from 66 in 1977 to 39 in 1997. Other products appear to
simply have a high degree of churning. For example, concrete and both types of ice products all have entry rates
and exit rates that exceed 20 percent. The number of establishments in ready-mixed concrete (SIC 3273) industry
increases over our sample period, while the number of establishmentsin the block and processed ice industry (SIC
2097) falls somewhat over our sample, from 675 establishmentsin 1977 to 582 establishmentsin 1997.

A.5. Robustness of Demand Estimates

There are two potential problems with using TFPQ as an instrument. We have explored both and found our
results to be robust. We briefly describe these potential issues here.

Thefirst regards how selection on profitability impacts the assumption that TFPQ is uncorrelated with
demand shocks at the plant level. This assumption, which is necessary for TFPQ to be avalid instrument in the
demand estimation, strikes us as quite reasonable for innovations to the dynamic plant-level TFPQ and demand
processes. Hence for entering plants, which get their initial idiosyncratic productivity and demand levels as draws
from the respective innovation processes, the assumption of no correlation islikely to hold. However, TFPQ and
demand levels may be correlated for continuing plants (those operating in both the current and previous periods)
because of selection. Hereiswhy. A producer continues operation if it is profitable, which depends on
idiosyncratic productivity and demand. Since a producer with a higher TFPQ draw can tolerate lower demand
draws (and vice versa) while remaining profitable, those producers that chose in the previous period to continue
operations into the current period—i.e., the continuing plants—will tend to have negatively correlated lagged TFPQ



and lagged demand levels. The correlation arises in the lagged val ues because the plants' decisions to continue
operating into the current period were conditioned on that information. But because both of these processes are
persistent, their current values could be correlated as well, making the orthogonality assumption necessary for
consistent demand elasticity estimation questionable.

To explore the sensitivity of our resultsto thisissue, we estimated product demand curves (10) using an
aternative instrument for price that is based only upon innovationsto TFPQ. For entrants, this was simply the
observed level of TFPQ (after taking out product-year fixed effects). For continuers, on the other hand, we
regressed the plants’ current TFPQ levels on their lagged values (again including product-year fixed effects), and
used the residual from thisto instrument for price. In thisway, we use the innovation to producers productivity
levels—information that was plausibly not included in their decision in the previous period to continue operations,
but that should affect current costs—to gain exogenous variation in current prices. (The fact that we only observe
plants every five years makes necessary some assumptions of timing here. Thefirst isthat the period when plants
have received their idiosyncratic profitability draws but have yet to decide whether to exit, which isinstantaneousin
our two-stage model, can in reality actually correspond to aperiod of afew years. The entering plantsin our sample
are assumed to bein thisstage. The second is that the TFPQ innovation does not impact producers’ exit decisionsin
intercensal years.)

When we use this alternative TFPQ-innovation-based instrument, we find that the pattern of elasticities and
even more importantly the pattern of demand shocks to be very robust. We also find the results that depend upon
demand shocksin Tables 3-6 to be virtually unaffected. These results are available upon request.

A second potentia problem is measurement error. We compute prices by dividing reported revenue by
guantity and any measurement error in physical quantities will overstate the negative correlation between prices and
TFPQ. Sincethefirst stage of the IV estimation regresses plants' prices on their TFP levels, measurement error
would yield biased estimates of the fitted prices used in the second stage, possibly leading in turn to biased price
elaticities and idiosyncratic demand measures. To address this concern, we estimated a specification that should be
robust to measurement error, implemented as follows. Rather than using current plant TFP directly asan
instrument, we use a “fitted” value constructed as a projection of current TFP on several values expected to be
correlated with plant productivity but orthogonal to measurement error. These include the plant’s lagged TFP, lead
TFP, the average TFP of the other plants in the same industry owned by the plant’s firm (these three variables are
used as available, depending on the plant), a set of birth-cohort-by-industry dummies, and a set of “survival-cohort” -
by-industry dummies denoting how many more CMs a plant exists before exiting (or if it survives until the end of
our sample).

All of these variables should have predictive power over aplant’s current TFP level but be orthogonal to
classical measurement error in quantity. Lag and lead TFP values are relevant to current TFP because of
productivity persistence, the average TFP of other plants owned by the same firm because of management-driven
productivity spillovers or assortative matching of plants, and the birth and survival cohort indicators because of age-
specific productivity evolutions and because future survival is determined by current productivity. Second, besides
thisfitted TFP value, we also include the local average wage as an instrument in the first stage. Thisfactor priceis
of course an additional cost shifter for the plant.

As with the other robustness check above, the results of this alternative demand estimation procedure yield
demand estimates that closely track those obtained in our benchmark specification. Moreover, the subsequent
results using the estimated demand shocks from this alternative estimation are very similar to those reported in the
paper. Again, we do not report these here for space reasons.

In considering these two robustness checks, we note that they employ essentially opposite strategies: one
uses the transitory variation in TFPQ while the other uses the permanent component. We are reassured by the fact
that the results are robust to using either component of TFPQ variation. If either potential problem was amagjor
driver of our results, we would expect the demand estimates to be quite sensitive to these distinctions.



Table A.1: Characteristics of the Sample by Product

Number of Observations Real
Revenue Mean (log)

Product 1977 1982 1987 1992 1997 share (%) Income
Boxes 936 905 1045 NA NA 7.9 174
Bread 195 142 110 92 92 2.4 17.0
Carbon Black 31 23 22 21 18 0.7 16.2
Coffee 61 84 79 7 7 4.7 18.0
Concrete 2184 3316 3236 3427 NA 7.0 17.1
Hardwood Flooring 8 10 16 25 24 0.2 16.7
Gasoline 99 99 94 95 71 75.0 171
Block Ice 40 43 26 23 10 0.0 16.9
Processed Ice 87 155 144 NA NA 0.1 16.8
Plywood 71 68 42 42 37 0.6 16.5
Sugar 40 36 30 35 26 1.3 16.6

Note: Thistable shows the number of establishmentsin our sample by product and year, as well as each product’s
share of total real revenuein the sample (pooled across al years). Mean log income, used in our demand estimation
procedure, isfor plants corresponding Economic Areas (see text for details) based on data pooled over all years.



Table A.2: Entry and Exit Rates by Product

Products Entry Rates Exit Rates

All Products 22.3 19.6
By Product:

Boxes 124 12.2
Bread 7.6 18.9
Carbon Black 4.8 134
Coffee 9.1 15.6
Concrete 26.6 21.8
Hardwood Flooring 18.7 119
Gasoline 4.2 9.0
Block Ice 24.5 26.5
Processed Ice 23.1 27.7
Plywood 7.4 10.3
Sugar 39 17.0

Note: This table shows the plant entry and exit rates (averaged across all yearsin the sample). Entry (exit) is
determined by plants' first (last) appearancein aCM. Seetext for details. Entry rates for gasoline reflect a small
number (less than five) birthsin the 1987, 1992, and 1997 CMs, even though the Energy Information Administration
reports no new refineries were built during that period. It isnot clear why there is a discrepancy in the Census data,
but for the sake of consistency and given the low entry rate in the industry overall, we defined these new plants as
entrants.



