Abstract
The objective of this paper is to examine the determinants of ﬁrm
dynamics, especially on product switching activities. Bernard, Redding, and Schott (2010) use idiosyncratic ﬁrm-product speciﬁc shocks
to explain product switching. Moreno-Badia, Miranda, and Van Beveren (2008) focus on the impact of international competition on ﬁrm
dynamics. However, it is the lack of consideration of industry dynamics as a crucial factor that aﬀects ﬁrms’ product selection. To focus
on industry dynamics as a causal factor for product switching, I extend the Dixit-Stiglitz model to allow for product-speciﬁc shocks and
heterogeneous multiproduct ﬁrms, which endogenizes product selection within ﬁrms. Firms are heterogeneous in productivity, and products are heterogeneous in terms of consumer preference. In addition,
the consumers’ preference is described by a nested constant-elasticityof-substitution (CES) utility function. The model shows that the
ﬁrm’s product selection is determined by and positively correlated
with product-speciﬁc shocks which illustrate the evolution of product
markets. The proposition derived from the model suggests that ﬁrms
relocate resources from later product life-cycle (PLC) stage product
markets to earlier PLC stage markets. Using data from the Thomas
Register of American Manufacturers (TR), we investigate the U.S.
manufacturers’ product switching behavior, and test the prediction of
our theoretical model. Since the product classiﬁcation in TR is more
detailed than the Census, the ﬁrm-level data of TR for 1998-2006 pro-
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vides a better analysis of the product switching behavior considering
the eﬀects of industry dynamics. Compared to the positive correlation
between product adding and dropping rates found in Dunne, Robert,
and Samuelson (1989) and Bernard, Redding, and Schott (2010) using the data of the Census of Manufacturers, a negative correlation is
estimated in this research. We ﬁnd strong and robust empirical support for the main prediction of our theoretical model - product-speciﬁc
shock is a causal factor for product switching. Product switching contributes to resource relocation within ﬁrms toward a more proﬁtable
product portfolio.
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Introduction

This study is motivated by two facts of industry dynamics. First, from ﬁrms’
perspective, Bernard, Redding, and Schott (2010) ﬁnd that more than a half
of U.S. manufacturing ﬁrms alter their mix of products between Censuses.
Second, for every single product market, ﬁrm entry and exit are commonly
observed at the same time in empirical studies of industry evolution. While
ﬁrm creation (entry) and destruction (exit) signal ﬁrm’s eﬃciency and ineﬃciency in the studies focusing on single-product ﬁrms, it is ambiguous
whether a change of product portfolio is a success or a failure, especially
when the change of product portfolio involves at least one entry and one
exit activity. Can the eﬃciency (entry) balance out the ineﬃciency (exit)?
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The implication of the change of product portfolio in juxtaposition to its
eﬃciency is therefore worth examining. Bernard, Redding, and Schott deﬁne
the activity in which a ﬁrm alters the combination of product portfolio as
product switching, which involves at least one entry or one exit activity. Entry/exit is observed when a ﬁrm adds/drops a product to/from its original
product portfolio. The interpretation of eﬃciency, as a result, should not be
confused with a change of product portfolio that solely consists of either exits
or entries; hence, I want to focus on product switching activities which might
cause confusion. This study narrows the deﬁnition of product switching as
a change of product portfolio that involves at least one entry and one exit
activity. If I want to interpret these product switching phenomena in the
perspective of eﬃciency, it is important to understand what the reason behind product switching is, in which case, three types of shocks might result in
a change of ﬁrm’s product portfolio, i.e. ﬁrm-speciﬁc shocks, product-ﬁrmspeciﬁc shocks, and product-speciﬁc shocks. Firm-speciﬁc shocks could be
addressed to the shocks of ﬁrm productivity. As what is inferred in Bernard,
Redding, and Schott (2010), and Yang and Liu (2011), ﬁrms with higher
productivity diversify more. Thus, a ﬁrm facing a productivity shock would
increase the variety of its product portfolio if it is a good shock.
The type of product-ﬁrm-speciﬁc shocks is introduced in Bernard, Redding, and Schott (2006, 2010). This is a shock to a speciﬁc product manufactured by a speciﬁc ﬁrm. Consumers might shift their interests from Dell
laptop PCs to Dell desktop PCs for certain reasons. As a result, ﬁrms alter
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their mix of products in response to the shifting of consumer preference to
maximize their proﬁts.
A product-speciﬁc shock is a shock to a speciﬁc product market. All
incumbents in the same market face the same good or bad shocks. For
instance, the ﬂat panel monitor is gradually substituted by the LCD monitor. All the incumbents in the market of the ﬂat panel monitor face a
bad demand shock. The product-speciﬁc shocks might be demand-driven
or supply-driven. Demand shocks might induce product switching by surreptitiously pushing ﬁrms to add “hot” products for which the demand is
rising and drop “cold” products for which it is falling. Supply shocks associated with technological progress and, a positive technology shock would
lower the production cost in a speciﬁc product market. Firms are driven to
add a product with a good supply shock and drop products with bad shocks.
Therefore, both demand-driven and supply-driven eﬀects would result in a
negative correlation between product adding and dropping rates from the
product markets’ perspective. Nevertheless, Bernard, Redding, and Schott
(2006, 2010) ﬁnd that the product adding rate and dropping rate are positively rather than negatively correlated, which indicates that some ﬁrms are
dropping a particular product while others are adding it. Hence, they suggest
a product-ﬁrm-speciﬁc idiosyncratic shock to induce product switching.
Figure 1 graphs the average product adding and dropping rates of the
product markets classiﬁed by the Thomas Register of American Manufac5
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Figure 1: Average Product Adding and Dropping Rates, 1998 to 2006.
turers from 1998 to 2006. Following the deﬁnition in Bernard, Redding, and
Schott (2010), I compute the product adding (dropping) rate using the number of ﬁrms adding (dropping) the product in 2006 divided by the average
number of ﬁrms producing the product in both 1998 and 2006. Compared
to the positive correlation found in Dunne, Robert, and Samuelson (1989b)
and Bernard, Redding, and Schott (2010), a negative correlation is shown in
the graph. The estimated correlation coeﬃcient equals -0.74561 . Since the
detailed level of product classiﬁcation in the Census is more general than
the Thomas Register, the diﬀerence between my result and the Census is
possibly due to the avoidance of the estimation errors without considering
that those disaggregated markets in the same 5-digit SIC are within distinct
1

The correlation coeﬃcient, -0.7456, between product adding and dropping rate is
estimated using all 75,119 categories in the Thomas Register 1998 and 2006. Considering
only the product markets existing in both 1998 and 2006, the correlation coeﬃcient equals
-0.5395 while the new categories (24,516 categories) and categories (5,643 categories) that
no longer exist in 2006 are removed.
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stages in the product life-cycle2 . Moreover, the negative correlation found
with the data of the Thomas Register of American Manufacturers suggests
that a demand-driven or supply-driven product-speciﬁc shock takes eﬀects
on ﬁrms’ product selection.
Suggested by the negative correlation coeﬃcient between product adding
and dropping rates, I develop a theoretical model which supports the notion
that product-speciﬁc shocks cause ﬁrms’ product switching. Diﬀerent from
Moreno-Badia, Miranda, and Van Beveren (2008), which focus on the impact of international competition on ﬁrm dynamics and suggest that product
switching is an oﬀensive strategy for ﬁrms in response to the exporting opportunities after trade liberalization, I focus on the eﬀects of industry evolution
on product switching. There are three important predictions at equilibrium.
First, the range of product diversiﬁcation rises in tandem with productivity.
Second, product-speciﬁc shocks result in ﬁrms’ product switching. Third,
the range of diversiﬁcation positively aﬀects the chance of manufacturing in
early life-cycle product markets. Using the data of the Thomas Register of
American Manufacturers in 1998 and 2006, ﬁrms which switch products are
found elder and more diversiﬁed. It is costly to switch product line from one
to the other. Hence, it is very likely that both experience and productivity
level would take eﬀect on ﬁrms’ product switching decision. Moreover, the
estimated result shows that the eﬀect of switching activity indicates a sign of
2

For example, digital camera and traditional camera are classiﬁed in the same 4-digit
SIC code, 3861. Flat panel monitor and LCD monitor are both assigned in the category,
3577. We can see those products are obviously in diﬀerent stages of product life-cycle.
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eﬃciency. As a result, capable ﬁrms would be more likely to take the chance
to improve proﬁtability by switching products.
This paper is organized as follows: in section 2, a theoretical model of
product switching decision of heterogeneous multiproduct ﬁrms is introduced.
The data resource is described in section 3. In section 4, the empirical model
and the empirical estimation results are illustrated and reported. Section 5
concludes.

2

Model

To analyze product switching activities, I expand the Dixit-Stiglitz model
to allow for product-speciﬁc shocks by assuming that products are heterogeneous in terms of consumer preference and that ﬁrms are heterogeneous in
terms of productivity. Firm-speciﬁc productivity shocks and demand shocks
among products are introduced. I follow the assumptions in Dixit and Stiglitz
(1977) and Bernard, Redding, and Schott (2010) and introduce industry
dynamics into a monopolistic competition model to propose that product
switching is caused by demand shocks. Firms realize the shocks before they
make the product diversiﬁcation decision. Firms produce multiple, diﬀerentiated products and compete with one another in a monopolistic competitive
market. The production technology has features of economies of scale as well
as economies of scope. Consumers gain from the variety of the products they
consume.
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2.1

Consumer Preferences

The consumer’s utility is deﬁned over the consumption of a ﬁxed continuum of products. In order to avoid corner solutions while ﬁrms optimize
their product selection, I assume that multiple products are produced in an
economy and the range of the variety of products is wide enough. In the
representative agent’s problem, at time t, the consumer’s utility function is
assumed as the nested constant-elasticity-of-substitution (CES) form of the
consumption of a continuum of product i ∈ [0, 1]:
∫

1

(ait xvit ) di)1/v ,

Ut = (

(2.1.1)

0

where 0 < v < 1. ait ∈ (0, ā] is a parameter that allows the distinction
among the relative importance of products in utility. γp (a) is deﬁned as the
∫ ā
stationary distribution of the product market parameter, where 0 γp (a) da =
1. It also introduces the product-speciﬁc shocks to the model assuming that
ait is revealed after an exogenous demand shock. xit is the aggregate product
i’s quantity that is deﬁned with a nested form as:
∫
xit = (

(xit (ω)ρ ) dω)1/ρ
ω∈Ωit

where ω indexes ﬁrms. Ωit is the set of the incumbents in the product i’s
market. Since the consumer’s preference is assumed by a CES utility function, products are diﬀerentiated symmetrically if the products are equally
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preferred. Hence, the degree of diﬀerentiation relative to other goods is not
chosen by ﬁrms, because the elasticity of substitution is exogenously given
as a constant in the utility function.
Let σ =

1
1−ρ

> 1 and κ =

1
1−v

> 1 be the elasticity of substitution within

products and among products. Following Bernard, Redding, and Schott
(2010), I assume that the elasticity of substitution across ﬁrms within a
product market is greater than the elasticity of substitution among products,
i.e. σ > κ > 1. When I aggregate the product level quantity, compared to the
product xj (ω1 ) manufactured by ﬁrm ω1 , the product xi (ω1 ) manufactured
by ﬁrm ω1 is a better substitute for the product xi (ω2 ) manufactured by ﬁrm
ω2 .
By solving the representative’s utility maximization problem subject to
∫1
the budget constraint, 0 (Pit xit ) di = It , I obtain the product-level price
indices as

∫
Pit = (

1

(pit (ω)1−σ ) dω) 1−σ ,

(2.1.2)

ω∈Ωit

and the demand of product i at time t is
1

v

xit = Pitv−1 ait1−v Rt .

Since the aggregate revenue at the economy level at time t is Rt =

(2.1.3)
∫1
(Pit xit ) di,
0

the aggregated revenue in the product i’s market, Rit , and the revenue of ﬁrm
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ω in manufacturing product i, rit (ω), can be respectively shown as

Rit = Pit xit = (

Pit 1−κ
) Rt
ait

and
rit (ω) = pit (ω)xit (ω) = (

2.2

Pit σ−1
) Rit .
pit (ω)

(2.1.4)

Production Technology

Firms incur an overall ﬁxed cost of production F and additional ﬁxed cost
fi for entering product i’s market. Let Ct (ω) be ﬁrm ω’s cost function and
∫
Ct (ω) = F +

1

Iit (fi +
0

xit (ω)
) di.
φt (ω)

In order to simplify the model, I assume that fi = f , ∀i. Iit is an indicator
variable that equals 1 if product i is produced by ﬁrm ω and equals 0 otherwise. Firm ω produces goods with a constant marginal cost corresponding to
the ﬁrm’s own productivity, φt (ω). Its marginal cost is 1/φt (ω). Thus, ﬁrms
with higher productivity can produce goods with lower constant marginal
cost. Assume that φt (ω) ∈ [0, φ], and productivity φt (ω) is ﬁrm-speciﬁc and
is common across products within ﬁrms. I also assume that ﬁrm productivity
follows a stationary distribution γg (φ) conditional upon entry.
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2.3

Market Equilibrium

In the model, ﬁrms face two diﬀerent types of shocks, ﬁrm-speciﬁc productivity shocks and product-speciﬁc shocks. φt (ω) increases if there is a good ﬁrmspeciﬁc productivity shock, and φt (ω) decreases otherwise. Good productspeciﬁc shocks can be observed if ait > ai,t−1 for product i. All shocks are
revealed before ﬁrms make any entry or exit decisions. Thus, in this model,
ﬁrms face no uncertainty issues. After the shocks are realized, ﬁrms would
make a two-stage decision. The equilibrium is solved backward. First, the
ﬁrms determine the prices of its products to maximize the proﬁt. Second,
the ﬁrm chooses the range of its product portfolio. Invoking Chamberlin’s
(1933) “large group” assumption, I rule out strategic interactions between
ﬁrms. Since the elasticity of substitution across products is constant, products are diﬀerentiated symmetrically at the equilibrium. A ﬁrm will enter a
product market if its proﬁt is non-negative.
The market equilibrium can be derived by maximizing ﬁrm’s proﬁt given
ﬁrm ω’s revenue function (2.1.4). Let πt (ω) be ﬁrm ω’s proﬁt at time t. Firm
ω’s proﬁt maximization problem can be written as:
∫
pit (ω)

1

Iit (rit (ω)) di) − Ct (ω).

max πt (ω) = (

(2.3.1)

0

Following the assumptions in Dixit and Stiglitz (1977), I assume that because
the variety of products is reasonably large, the eﬀect of pit on the market
price index can be neglected. As a result, this large number assumption also
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neglects the substitute eﬀects between products. For instance, the changes
of product j’s price take no eﬀect on product i’s price. Moreover, following
the assumptions in Bernard, Redding, and Schott (2010), by assuming that
both the variety of products and the number of ﬁrms are reasonably large,
the eﬀects of pit (ω) on aggregate level of price indices can both be neglected.
Hence, solving the ﬁrst order condition, I obtain the equilibrium price of
product i manufactured by ﬁrm ω at the Chamberlin symmetric equilibrium.
The equilibrium price is given by:

pit (ω) =

1
.
ρφt (ω)

(2.3.2)

Using the equilibrium price (2.3.2), I rewrite the ﬁrm ω’s revenue function
as
rit (ω) = Rit (Pit φt (ω)ρ)σ−1 .

(2.3.3)

Besides, ﬁrms also have to make a product selection decision to make whether
or not to enter a speciﬁc product market. Firm ω only enters the product i’s
market if it makes non-negative proﬁt, that is

πit (ω) = pit (ω)xit (ω) −

xit (ω)
rit (ω)
−f =
− f ≥ 0.
φt (ω)
σ

(2.3.4)

With the inequality (2.3.4), ﬁrms select which products to manufacture and
which markets to enter. Supposing a ﬁrm has productivity, φ, its zero proﬁt
market cutoﬀ, a∗ (φ), is determined when the Equation (2.3.4) holds, and it
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is derived as
a∗ (φ) = (

σf

)
Rt Pitσ−κ φσ−1 ρσ−1

1
κ−1

.

(2.3.5)

For all ai > a∗ (φ), ﬁrms with productivity make positive proﬁt by producing product i. Then, I rewrite Equation (2.3.5), so the lowest productivity
existing in the market with ai can also be derived. That is
φ∗it = (

σf

)
Rt Pitσ−κ aκ−1
ρσ−1
i

1
σ−1

.

(2.3.6)

With the zero proﬁt cutoﬀ from the Equation (2.3.5), all potential entrants can derive their own total proﬁt,
∫
πt (ω) =

ā

(
a∗ (φ(ω))

rt (a, ω)
− f )γp (a) da − F,
σ

(2.3.7)

and the zero proﬁt entry condition determines the smallest φt , say φ∗t , among
the incumbents in the whole manufacturing sector at time t.
Lemma 2.3.1. A unique solution for φ∗t exists.
Proof. φ has a domain [0, φ̄]. πt (ω) < 0 if the ﬁrm ω has productivity φ = 0.
It is trivial to assume that πt (ω) > 0 if the ﬁrm ω has productivity φ = φ̄.
∫ ā
∫ ā
)γp (a) da) is
Since (− a∗ (φ(ω)) f γp (a) da − F ) is a constant, and ( a∗ (φ(ω))( rt (a,ω)
σ
increasing in φ, then it can be proved with the Intermediate Value Theorem
that there exists a solution for φ∗t . Since the function is monotone, the
solution is unique.
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Let γg (φ) be the stationary distribution of ﬁrm productivity conditional
∫ φ̄
upon entry, and φ∗ γg (φ) dφ = 1. φ∗ is the zero proﬁt cutoﬀ productivity,
which is the lowest productivity among incumbent ﬁrms. Also, let Γg (φ)
be the cumulative distribution of ﬁrm productivity conditional upon entry,
∫ φ̄ γg (φ)
∗
and φ∗ 1−Γ
∗ dφ = 1. With φit , the equilibrium price in the product i’s
g (φ )
it

it

market,

Pit∗ ,

Pit∗

can be derived as
∫

=(

φ̄

1

1

(ρφ)σ−1 γg (φ) dφ) 1−σ = (ρφ
eit )−1 (1 − Γg (φ∗it )) 1−σ ,

(2.3.8)

φ∗it

where φ
e represents the power mean of productivity. Deﬁne
∫
φ
eit = (

φ

φσ−1
φ∗it

γg (φ)
dφ)σ−1
∗
1 − Γg (φit )

(2.3.9)

and then using Equation (2.3.8) to rewrite Equation (2.1.3), the equilibrium
quantity, x∗it , can be determined as
1

v

x∗it = (Pit∗ ) v−1 ait1−v Rt .

(2.3.10)

Lemma 2.3.2. Given a product market i with parameter ai , there exists a
unique φ∗it .
Proof. Let T be the right hand side of the Equation (2.3.6).

∂T
∂φ∗it

> 0,

then T (0) is the lower bound of the range of T (φ) when φ ∈ [0, φ]. Since
all parameters are non-negative, T (0) is bounded below by 0. Assume the
market is large enough, then Rt is large enough to let T (φ) be bounded above
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by φ.
Since T is a continuous function which maps a compact set, [0, φ], into
itself. Thus, by the Brouwer Fixed Point Theorem, it can be concluded that
there exists a solution to the Equation (2.3.6).
Hence, product i is produced by all ﬁrms with productivity φ ∈ [φ∗it , φ̄].
Following the Lemma 2.3.2, one corollary is shown.
Corollary 2.3.3. Firms with productivity φ select products with parameter
ai ∈ [a∗ (φ), ā].
Furthermore, Proposition 2.3.4 shows the existence of the equilibrium.
Proposition 2.3.4. A unique equilibrium exists referred by {φ∗ , φ∗it , Pit ,
pit (ω), πt (ω)}, a stationary distribution γg (φ) for φ ∈ [φ∗ , φ].
Proof. By Lemma 2.3.1 and Lemma 2.3.2, there exist an unique φ∗ and an
unique φ∗it . While substitute φ∗it into Equation (2.3.8) and Equation (2.3.4),
Pit∗ and πt (ω) are also unique.
Proposing a shock to ai , the industry evolution is introduced in this
model. Propositions in the respect of industry evolution are listed as follows.
Lemma 2.3.5. φ∗it , the least productivity enabling ﬁrms to make non-negative
proﬁt in the product market i with parameter ai , has a positive eﬀect on the
equilibrium price of product i.
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Proof. Diﬀerentiate Equation (2.3.8) with respect to φ∗it . It is shown that
∂Pit∗
= (σ − 1)−1 (Pit∗ )σ (ρφ∗it )σ−1 γg (φ∗it ) > 0,
∂φ∗it
since σ > 1 is assumed.
Proposition 2.3.6. Positive shocks to product i’s market would result in a
decrease of the minimum required productivity to survive. It means that ait
has a negative eﬀect on φ∗it .
Proof. Diﬀerentiate Equation (2.3.6) with respect to ait . It is shown that
1−κ
σ−κ
1
∂φ∗it
σ−κ
σfi σ−1
∂P ∗ ∂φ∗
κ−1
=(
) ρ−1 Pitσ−1 aiσ−1 [−(
)( it∗ )( it ) −
].
∂ait
Rt
(σ − 1)Pit ∂φit ∂ait
(σ − 1)ai

Since

∗
∂Pit
∂φ∗it

> 0 by Lemma 2.3.5,

∂φ∗it
∂ait

is negative.

Proposition 2.3.7. Equilibrium price of product i, Pit∗ , is aﬀected negatively
by the shocks to ait .
Proof.
∂Pit∗
∂φ∗it ∂φ∗it
=
·
< 0,
∂ait
∂ait ∂ait
by Lemma 2.3.5 and Proposition 2.3.6.
Proposition 2.3.8. Equilibrium quantity of product i, x∗it , is aﬀected positively by the shocks to ait .
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Proof. Diﬀerentiate Equation (2.3.10) with respect to ait , then I have
2−v

v

∂x∗it
Rt Pitv−1 ait1−v vPit ∂Pit∗
(
=
−
) > 0,
∂ait
1−v
ait
∂ait
because

∗
∂Pit
∂ait

< 0 by Proposition 2.3.7.

Let ait increase before the shakeout period and decrease after the shakeout. Based on Proposition 2.3.6 to Proposition 2.3.8, the changes of ait depict three characteristics of industry evolution. First, according to Gort and
Klepper (1982), the number of existing producers increases in the early stage
of the product life-cycle and decreases after the shakeout. Proposition 2.3.6
shows that a good shock to the product market would lower the least required productivity for an entrant. For example, if a ﬁrm with productivity
φ, and φ∗it > φ > φ∗i,t−1 , where φ∗it > φ∗i,t−1 is due to the decrease from ai,t−1
to ait , then the ﬁrm would decide to exit the product i’s market at time t.
On the contrary, an increase in ait would result in an entry to the product
i’s market. The lower the least required productivity, the more incumbents
stay in the product market. This is in line with Gort and Klepper’s ﬁnding.
Second, Proposition 2.3.8 shows that output increases and then decreases
after the shakeout. This also ﬁts Gort and Klepper’s ﬁnding that the growth
rate of output declines as the industry ages and approximates zero while the
industry matures. The third, the empirical ﬁndings on industry evolution
shows that the price decreases as the product ages. Proposition 2.3.7 can
only show the characteristic before shakeout. However, the decreasing price
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pattern can be addressed with an exogenously growing market demand, Rt .
This exogenously growing market demand is assumed in Klepper (1996). In
his theoretical model, the decreasing price pattern is driven by the growing
market demand. Due to the simplicity of the model, I decide not to consider
the changes in Rt .
Following Corollary 2.3.3 and Proposition 2.3.6, a proposition shows a
positive correlation between the range of diversiﬁcation and the parameter
of industry evolution.
Proposition 2.3.9. If a ﬁrm’s product portfolio diversiﬁes in a larger range,
it diversiﬁes in a range of more products in early stage of product life-cycle.
Proof. Let a1 < a2 , and let a′ be the product parameter at the next period.
The conditional probability of increasing a in the range, [ai , ā], where i ∈ 1, 2,
is
P rob(a|a < a′ ; a ∈ [ai , ā])
∫ ā
=
(1 − Γp (a))γp (a) da
ai

=

where Γp (ai ) =

∫ ai
0

Γp (ai )2
1
− Γp (ai ) +
,
2
2

(2.3.11)

γp (a) da is the cumulative distribution of product param-
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eter a. Since a1 < a2 , then Γp (a1 ) < Γp (a2 ). Because
P rob(a|a < a′ ; a ∈ [a1 , ā]) − P rob(a|a < a′ ; a ∈ [a2 , ā])
= (Γp (a1 ) − Γp (a2 ))(−1 +

Γp (a1 ) + Γp (a2 )
) > 0,
2

(2.3.12)

we obtain
P rob(a|a < a′ ; a ∈ [a1 , ā]) > P rob(a|a < a′ ; a ∈ [a2 , ā])

The model highlights the cause of product switching and ﬁts the two facts
that are observed in various datasets. One is that a large amount of ﬁrms
alter their mix of products. The other one is that a dropped product might
be added by another ﬁrm. According to the model, ﬁrms switch products
because of product-speciﬁc shocks, while ﬁrm-speciﬁc shocks would result in
changes in ﬁrm’s product diversiﬁcation. Hence, when a ﬁrm drops a product
because of the bad product-speciﬁc shock, another ﬁrm might enter this
dropped product market since it experiences a good ﬁrm-speciﬁc productivity
shock. That is, the ﬁrm who adds a product that is dropped by another ﬁrm
would still make positive proﬁts due to its own high productivity.
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3

Data

The data used in the empirical estimation come from the Thomas Register
of American Manufacturers (TR). TR is essential a directory of manufacturers. In addition to name, address, and other contact information, it also
include information on employment in categorical variable format, year of
establishment, and products and countries to which the company exported
its products. Compared to the U.S. Census of Manufactures of the Longitudinal Research Database, which classiﬁes products according to the SIC or
NAICS code, product classiﬁcation in the Thomas Register is more detailed.
Lavin (1992) states that the Thomas Register of American Manufacturers
is the best example of a directory that provides information on manufacturers by focusing on the full range of products manufactured in the United
States. The expertise of editors has made the Thomas Register product classiﬁcation system the industry standard for sourcing industrial products and
services. Researches related to the diﬀusion of innovations and market evolution have relied on the guide heavily (see Gort and Klepper, 1982; Klepper
and Graddy, 1990; Klepper and Simons, 2000). Since the guide is free for
inclusion, it further fosters its completeness and accuracy.
Data on ﬁrm age, size and the details in product portfolios are extracted
from the Thomas Register on CD-ROM in 1998 and 2006. Market competition index (mci) is deﬁned as the average number of competitors in each of
the product markets the ﬁrm participates.
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4

Empirical Model and Estimation Results

Corollary 2.3.3 has two implications. First, it suggests that ﬁrms with higher
productivity would provide a larger range of product varieties, and this is in
line with the conclusion in Yang and Liu (2011). For instance, ﬁrms with
productivity φ select products with parameter ai ∈ [a∗ (φ), ā], and ﬁrms with
productivity φ′ select products with parameter ai ∈ [a∗ (φ′ ), ā]. Since

∂φ∗it
∂ait

<0

by Proposition 2.3.6, a(φ′ ) < a(φ) if φ′ > φ. Then [a∗ (φ), ā] ⊂ [a∗ (φ′ ), ā].
The second implication of Corollary 2.3.3 is that ﬁrms’ product selection
decisions are based on the product-speciﬁc shocks to ai , ai ∈ (0, ā]. Hence,
I would like to examine if there exist evidence showing the relation between
product-speciﬁc shocks and product switching activities. Since the productspeciﬁc shocks assumed in my model are shocks of consumer preferences, in
order to test the prediction regarding the product-speciﬁc eﬀects, I suggest
a variable that can capture the changes of the consumer preferences ﬁrst.
Then the correlation between product switching activities and the changes
of the consumer preferences along with ﬁrm attributes is investigated. At
last, the model is further validated by testing the hypothesis proposed by
Proposition 2.3.9.
Since there is no estimation on the product parameter (consumer preference), ai , the variable, the ratio of growing markets, is chosen to approximate the changes in the product parameters. Let the growing market dummy
equals one if the number of incumbents in the product market increases, and
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Table 1: Count of key variables of industry level data
Variable
1998 2006
Product/service categories 50603 69476
Continuing markets
44960
Growing markets
27104
Newly created markets
24516
Monopoly markets
8061 5091

zero otherwise. Table 1 shows that the growing product markets counted
53.56% in the data. The ratio of growing market is consistent with the assumption in the model that the probability of having an increasing product
parameter a equals 0.53 . Based on the product portfolio manufactured by
the ﬁrm, I estimate the ﬁrm-level ratio of growing markets by averaging the
value of the growing market dummy in the range of the ﬁrm’s product portfolio. While the evolutionary theory showed distinct competition levels in
diﬀerent product life-cycle stages, the ratio of growing markets that a ﬁrm
manufactures depicted the competition environment in which a ﬁrm chooses
to enter. Klepper and Graddy (1990) identiﬁed the growing stage as the early
stage of the product life-cycle. Gort and Klepper (1982) pointed out that
the early stage charaterizes a higher price, a higher growth rate of output, a
higher proﬁt, and fewer incumbents. Since ai increases before the shakeout
period and decreases after the shakeout, while a product market grows in the
number of incumbents, it must have an increasing a. Hence, a higher ratio
3

Assuming ai = 0 in Equation (2.3.12), the probability equals 0.5.
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Table 2: A table of the ﬁrm entry/exit categories
Category
1
2
3
4
5
6
7

Description
Frequency Percent
Exit
58,613
40.18
Net dropping without switching
6,418
4.4
Net dropping with switching
12,727
8.72
Net adding without switching
22,056
15.12
Net adding with switching
21,750
14.91
Net zero without switching
17,215
11.8
Net zero with switching
7,103
4.87

of growing market represents that a ﬁrm manufactures in a greater portion
of products in early stage of product life-cycle.

4.1

Product Switching and Firm Attributes

Table 2 tabulates the entry/exit categories. Since the data set only contains
data in 1998 and in 2006, exit considered in this research is observed when
a ﬁrm manufactured in 1998 and left the manufacturing market before 2006.
Net dropping is observed when a ﬁrm manufactured in fewer product markets
in 2006 than in 1998. Similarly, net adding is found when a ﬁrm increases
its net number of products in 2006. Net zero signals that ﬁrms manufacture
the same number of variety of products in both 1998 and 2006.
The percentage of product switching ﬁrms is higher in the data set of
the Thomas Register of American of American Manufacturers than in the
Census of American Manufacturers. Under the general deﬁnition given in
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Bernard, Redding, and Schott (2010), only ﬁrms in the category “net zero
without switching” can be classiﬁed as non-product-switching ﬁrms. More
than 95% of ﬁrms switched their mix of products between 1998 and 2006.
It outnumbers the result found in Bernard, Redding, and Schott (2010) that
an average of 54% of surviving ﬁrms alter their mix of products between
Censuses. It might have resulted from the larger time gap. It might also be
because of the more detailed level of product classiﬁcation in the Thomas
Register of American Manufacturers.
While product switching is narrowly deﬁned as a change of product portfolio involving at least one entry and one exit activity, Table 2 shows that
more than 35% of ﬁrms switch products between 1998 and 2006. Firms are
either net dropping, net adding, or net zero ﬁrms. Since net adding (dropping) is considered a signal of eﬃciency (ineﬃciency), and all types of ﬁrms
switch products, it implies that more than ﬁrm-speciﬁc productivity shocks
aﬀect ﬁrms’ decision on how to alter their mix of products.
I further investigate if there are ﬁrm characteristics that relate to speciﬁc
product switching activities. Table 3 summarizes important ﬁrm attributes
by entry/exit categories, and by switching/non-switching ﬁrms. It is observed
that elder and more diversiﬁed ﬁrms altering their mix of products more
than other ﬁrms. In addition, the product portfolio owned by the product
switching ﬁrms has a higher ratio of growing market. It suggests that product
switching positively correlates to the chance of having increasing product
25
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Category
1
2
3
4
5
6
7
Non-switching
Switching

mean
7.64
21.40
40.12
5.14
22.31
3.75
8.48
13.21
25.40

S.D.
26.97
34.58
61.44
7.98
65.84
4.21
13.42
48.19
59.23

Variety in 1998
mean
0.00
9.03
18.79
13.25
44.49
3.75
8.48
3.98
30.47

S.D.
0.00
10.05
35.68
35.70
113.31
4.21
13.42
17.53
85.81

Variety in 2006

Market Competition Index
mean
S.D.
676.90
1,244.33
339.91
368.62
318.92
419.78
510.25
626.14
866.73
1,660.54
497.64
641.60
1,304.67 2,167.93
581.94
920.79
773.86
1554.05

Ratio of Growing Markets
mean
S.D.
0.47
0.37
0.52
0.25
0.55
0.20
0.56
0.37
0.59
0.26
0.51
0.39
0.53
0.32
0.50
0.37
0.56
0.26

S.D.
26.90
28.80
29.93
25.77
27.67
27.04
28.55
27.28
28.52

Age
mean
32.97
38.54
40.42
35.75
38.52
35.37
37.66
36.70
38.95

Table 3: A summary of important variables by entry/exit categories.

parameters.

4.2

Product Switching and Industry Evolution

I examine the relationship between product switching and ﬁrm outcomes
via OLS regressions of ﬁrm characteristics on dummy variables capturing
product-switching behavior,

y = β0 + β1 NetDropp + β1 NetAdd + β1 Switching + ε,

(4.2.1)

where y represents the ﬁrm characteristics. Here I consider the ﬁrm age, the
Ratio of Growing Market, and the change in Market Competition Index to examine the relationship. More than the two dummies, NetAdd and NetDrop,
used in Bernard, Redding, and Schott (2010), I add the dummy “Switching” to capture the product-switching behavior under the narrow deﬁnition
of product switching. NetAdd equals one if the ﬁrm is a net adding ﬁrm, and
zero otherwise; NetDrop equals one if the ﬁrm is a net dropping ﬁrm, and
zero otherwise. Switching is a dummy variable that is one if a ﬁrm changes
its product portfolio involving at least one entry and one exit activity, and
zero otherwise. Each row in Table 4 reports results for a ﬁrm-characteristic
regression. The odd numbered regressions are used to compare with the
results reported by Bernard, Redding, and Schott, and the even numbered
regressions are for my suggestion that the switching dummy variable should
also be controlled. The results show that the Switching dummy is signiﬁcant
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in the same direction as the NetAdd dummy. Moreover, the eﬀect of the NetAdd dummy on ﬁrm characteristics is smaller after controlling the switching
dummy. Based on the limitation of my data set, since I only have data in
1998 and 2006, only one time change of product portfolio is observable for
each ﬁrm in the data set. Hence, I am restricted to estimating the correlation
between ﬁrm attributes and product switching activity without controlling
ﬁrm ﬁxed eﬀect.
To take advantage of the large number of observations in the Thomas
Register data, I use ﬁrm age as a proxy for productivity in ﬁrst two regressions
in Table 4. Numerous studies, such as Evans (1987a, 1987b), Hall (1987),
Dunne, Robert, and Samuelson (1989a), Audretsch (1991, 1995), Agarwal
(1996, 1997) and Audretsch and Mahmood (1995) ﬁnd that the survival rate
increases with ﬁrm age. Given survival depends critically on eﬃciency, ﬁrm
age is likely to be positively correlated with its productivity and, therefore,
can be used as a proxy for productivity. The eﬀects of NetAdd and NetDrop
dummies on productivity are consistent with the results in Bernard, Redding,
and Schott (2010). After controlling the Switching dummy, I ﬁnd Switching
is positively correlated with ﬁrm age. Hence, the result suggests that product
switching positively correlates to eﬃciency.
Since Proposition 2.3.6 suggests that product-speciﬁc shocks cause product switching, I focus on the question if I can ﬁnd the evidence to show that
product-speciﬁc eﬀects relate to ﬁrms’ product selection. I investigate manu28
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Change in Market Competition Index

Ratio of Growing Markets

Dependent Variable
Age

Net Drop
-0.6413
(0.2749)*
-0.3876
(0.2745)
-0.0279
(0.0026)**
-0.0236
(0.0026)**
102.2033
(6.3196)**
173.158
(6.4831)**

Net Add
1.1653
(0.2833)**
0.2011
(0.2869)
0.0582
(0.0028)**
0.0485
(0.0028)**
-101.6703
(5.23058)**
-62.7509
(5.2618)**
-190.3902
(4.5515)**

0.0445
(0.0021)**

77217

4.1673
(0.2140)**

87269

87269

141744

141744

Observation
77217

Switching

Table 4: Product Switching and Firm Characteristics, 1998 to 2006

0.0347

0.0153

0.0151

0.012

0.0058

R2
0.0009

facturers’ product selection decisions by using the Ratio of Growing Markets
and the change in Market Competition Index as explanatory variables. Row
three to row six in Table 4 report the results. As indicated in the table, I
ﬁnd that NetAdd and switching are associated with a larger ratio of growing market and a decrease in the average number of competitors. Hence,
the result suggests that product switching ﬁrms select a portfolio with more
product markets in early stage of product life-cycle and with fewer competitors. Since a higher ratio of growing market characterizes a competition
environment with a higher proﬁt and fewer incumbents, the signiﬁcant coefﬁcients in the third and fourth rows in Table 4 indicate the relation between
product-speciﬁc eﬀects and ﬁrms’ product selection activities.
The causality between product-speciﬁc factor and product switching is
not clear in the regressions listed in Table 4. I investigate the relationship
between the change of the Ratio of Growing Markets and product switching
activity with a Probit and a Logit regression:

P rob(Switching) = f (Ratio of Growing Markets, ﬁrm characteristics).
(4.2.2)
The ﬁrst two columns in Table 5 list the estimation results of the ratio
of growing market on product switching. The ﬁrm characteristics are controlled in the third and fourth columns. Odd numbered columns report the
Probit regression estimation. The Logit estimation is listed in even numbered columns. The estimation results show a signiﬁcant positive eﬀect of
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Table 5: Probit and Tobit regression using the Switching dummy as the
dependent variable.

Ratio of growing
market

1
Probit
0.3565***

2
Logit
0.5649***

3
Probit
0.3041***

4
Logit
0.4787***

5
Probit
0.2919***

6
Logit
0.4604***

(0.0107)

(0.0175)

(0.0149)

(0.0238)

(0.0165)
0.0001***

(0.0266)
0.0001***

0.0037***
(0.0002)

0.0059***
(0.0003)

(7.07E-06)
0.0042***
(0.0002)
6.25e-06***

(0.00001)
0.0068***
(0.0003)
0.00001***

-0.6652***
(0.0115)
75719
0.009

-1.0639***
(0.0187)
75719
0.008

(1.66E-06)
-0.7902***
(0.0133)
61521
0.012

(3.61E-06)
-1.2708***
(0.0217)
61521
0.012

Market Competition Index
age
Number of employees
Constant
N
pseudo R-sq

-0.7777***
(0.0068)
141744
0.007

-1.2541***
(0.0112)
141744
0.006

Notes. (1) Standard errors in parentheses. (2) * signiﬁcant at 5% level; **
signiﬁcant at 1% level; *** signiﬁcant at 0.1% level.

product-speciﬁc factor on product switching. This result is as suggested in
Proposition 2.3.6.
The results shown in the ﬁfth and sixth rows in Table 4 indicate that
the ﬁrm-speciﬁc shocks negatively correlate to the change in the average
number of competitors. The reason is described as follows while NetAdd
and Switch are activities to seek for eﬃciency. First, a product market
with higher a would have more incumbents competing in the market4 . SecLemma 2.3.2 suggests that product i is produced by all ﬁrms with productivity φ ∈
∂φ∗
it
Since ∂ait
< 0 by Proposition 2.3.6, if product i has a larger parameter ait
comparing ajt for product j, then φ∗it < φ∗jt implies that the number of incumbents in
4

[φ∗it , φ̄].
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ond, Corollary 2.3.3 proposed that ﬁrms with productivity φ select products
with parameter ai ∈ [a∗ (φ), ā]. Hence, if a ﬁrm owns a high productivity
φ, its product portfolio would has a greater variety range. Moreover, the
lowest bound, a∗ (φ), to enter product markets is low compared to other
ﬁrms’. Therefore, since the number of incumbents is increasing in a, and
the lower bound, a∗ (φ), decreases as the ﬁrm productivity increases, a good
ﬁrm-speciﬁc productivity shock would result in a decrease in the average
number of competitors, which is measured as Market Competition Index in
this study.

4.3

Product diversification and Industry Evolution

Proposition 2.3.9 indicates that a larger range of product diversiﬁcation leads
to a higher chance of having increasing product parameter, a. To test this
proposition empirically, since only the positive correlation is expected, and
there is no derived function the range of diversiﬁcation, I investigate the
correlation with a simple OLS regression function:

y = β0 + β1 x + ε,

(4.3.1)

where the dependent variable, y, is the ratio of growing market, and x is
the range of ﬁrm’s product diversiﬁcation. If the hypothesis proposed by
Proposition 2.3.9 is not rejected, it is expected that β1 is signiﬁcantly positive.
product i’s market is greater than the number in product j’s.
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Table 6: OLS regression using the Ratio of Growing Markets as the dependent
variable.
div

(1)
0.00027
(0.00002)**

div2
Constant
Observations
R-squared
AIC
BIC

0.51364
(0.00096)**
141744
0.0009
100182.5
100202.2

(2)
0.00043
(0.00003)**
−6.86 × 10−8
(−8.08 × 10−9 )**
0.51167
(0.00099)**
141744
0.0014
100112.5
100142.1

Notes. (1) Standard errors in parentheses. (2) * signiﬁcant at 5% level; **
signiﬁcant at 1% level.

Using the equation (4.3.1) as my regression equation, since the correspondence between two variables is not necessary a linear function, the regressions
are estimated in both linear and quadratic forms. The results are listed in
Table 6. The ﬁrst column reports the estimation of the equation (4.3.1), and
the second column reports the result including the estimation of a quadratic
term. The estimate for div is positive and signiﬁcant. It suggests that product diversiﬁcation is a causal factor for the Ratio of Growing Markets. In the
second column, the estimate for div2 is negative and signiﬁcant. It implies
that the quadratic form is concave downward. Both the Akaike information
criterion (AIC) and the Bayesian information criterion (BIC) are smaller in
column (2). Though, since both AIC and BIC values are greater than 10,
the values cannot support that column (2) is a better ﬁt.
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5

Conclusion, Limitations, and Possible Extensions

In this study, I analyze product-speciﬁc shock as a causal factor to product
switching activities. I develop a theoretical model in which multi-product
ﬁrms that are heterogeneous in terms of productivity compete in a monopolistically competitive market where products are heterogeneous in terms of
consumer preference. My model has three suggestions. First, the productspeciﬁc demand shocks aﬀect ﬁrms’ product selection decision. Second, it
predicts that the range of product diversiﬁcation rises with productivity.
Third, the range of diversiﬁcation rises with the chance of manufacturing
in early life-cycle product markets. Using data from the Thomas Register,
the negative correlation between product adding and dropping rates suggests
the idea that product-speciﬁc shocks take eﬀect on ﬁrms’ product selection.
Focusing on the eﬀects of product selection on ﬁrm’s performance, the signiﬁcant correlation between ﬁrm attributes and product switching further
indicates the eﬀects of product switching on ﬁrm’s outcome. The data from
the Thomas Register allows us to use a more appropriate measure of product
diversiﬁcation and an approximate measure of the changes in the product
parameters, which capture the changes of consumer preference. While the
OLS estimates are consistent with the prediction, my result strongly supports the notion that diversiﬁcation is positively correlated with the chance
of manufacturing in early stage of product life-cycle markets.
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My study is subject to one caveat. Due to the limitation of my data, some
important propositions cannot be tested empirically in this study. Speciﬁcally, the eﬀect product switching on ﬁrms’ product portfolios is not investigated. While Proposition 2.3.6 suggests that product-speciﬁc shocks cause
product switching, I expect to observe the changes of important ﬁrm characteristics if there is a change of product portfolios. Since the data I collected
is solely from the years of 1998 and 2006, I am restricted to observing the
after eﬀects of the change of product portfolios. Based on the 8-year length
of the gap between 1998 and 2006, of course we can argue that the changes
of the product portfolios might happen during the eight-year span. Nevertheless, besides the argument, this issue may be further ﬁxed while the data
set becomes available as a three-year panel data or better. I plan to address
this issue in future studies.
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