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Abstract 
 
This paper develops a framework to appreciate the observed heterogeneity of firm size distributions 

and the entry and exit of products and firms associated with it. It is based on a model where new 

products are introduced by innovating firms in a quasi-temporal setting of monopolistic competition. 

The rate at which a firm innovates, according to a firm-specific Poisson process, is assumed to be 

influenced by the firm’s past experience and cumulated knowledge assets. The model assigns a 

fundamental role to entrepreneurship of existing and potential firms. The empirical analysis is based 

on detailed firm-level export data, which describes firm size in terms of products and markets, and 

firm dynamics in terms of changes in the supply pattern (varieties and markets) of existing firms in 

combination with entry/exit of firms. The empirical results are consistent with the model. First, the 

modeled innovation process imply a persistent distribution of heterogeneous firms. Second, the 

invariant size distribution of firms is associated with significant micro-dynamics, where firms 

continuously add and subtract varieties from their product mix, and new firms may enter while some 

exit. Third, an econometric analysis where firms’ introduction of new varieties is explained by firm 

attributes provides support for the assumption of a firm-specific and state-dependent stochastic 

innovation process.  
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1. INTRODUCTION 
 
A generic feature of product groups is that they comprise a whole set of product varieties. Within such 

product groups we can observe that some firms supply many varieties to many markets, while co-

existing with firms supplying one or just a few varieties to a limited number of markets. These 

observations relate to the established literature on skewed firm size distributions (see e.g. Ijiri and 

Simon 1977, Sutton 1997, Axtell 2001). While there are several recent contributions that introduce 

firm-level heterogeneity in models of e.g. international trade (Melitz 2003, Bernard et al 2003) and 

new economic geography (e.g. Baldwin and Okubo 2006), these often take heterogeneity as given and 

do not inquire about the sources of heterogeneity. Yet, as Griliches and Mairesse (1995, p.23) remark; 

“we need a richer theoretical framework to help us understand why firms are different, not only in 

their capital-labor ratios, but also in the product mix that they produce, the quality of their workforce, 

the technologies they use, their organizational structures, the markets that they serve.” The purpose of 

this paper is to present a parsimonious model that can accommodate heterogeneity in firm size and to 

demonstrate its empirical relevance with firm-level data.  

 

Any firm size distribution is the outcome of an underlying process of firm growth dynamics that 

involve entry and exit of firms as well as of their products and markets.1 The model in this paper 

explicitly links firm growth to the introduction of new product varieties and the entry on new markets, 

such that the size of a firm corresponds its number of varieties and the number of markets it serves. It 

assigns a fundamental role to entrepreneurship and innovativeness of both existing and potential 

firms. Innovation efforts allow firms to enter new markets and expand its spectrum of variety supply, 

as argued by Kortum (2008).  

 

The model formulates dynamics of entry and exit of product varieties and allows for the possibility of 

multi-variety and multi-market firms through scope economies. A new variety may enter a market 

through the establishment of a new single-variety firm, or the expansion of varieties in an incumbent 

firm’s product line. In a similar fashion, the exit of a variety can imply the exit of a firm (single-

variety firm) or the contraction of an existing multi-variety firm’s supply schedule. In this way, the 

model encompasses  entry and exit of firms as well as growth dynamics of existing firms through the 

entry and exit of the varieties in their product mix.  

 

The empirical part of the paper confronts the model with firm-level data that make it possible to 

empirically capture and assess both forms of dynamics. Hence, the analysis goes beyond the typical 

focus on firm size in terms of employees. Instead, we study firm size in terms of products and markets 

                                                 
1 A common form of growth dynamics is some form of the well-known Gibrat’s Law (Gibrat 1931), which 
states that the growth rate of a firm is independent of its size.  
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and assess firm dynamics by studying changes in the supply pattern of existing firms in combination 

with entry/exit of firms. In most empirical studies, the entry and exit of firms may be observed, but 

the dynamics of the supply pattern of incumbents typically are not.  

 

The model is based on the monopolistic competition framework of Dixit and Stiglitz (1977), but adds 

three main elements: (i) stochastic firm-level innovation, (ii) ageing of varieties, and (iii) scope 

economies arising from our assumptions of innovation costs. Moreover, there are several different 

markets, each associated with entry costs. Ageing of varieties is introduced in such a way that 

customers lose interest of certain varieties as given by a stochastic process. This extension implies 

that the taste for variety also gets a temporal dimension and introduces taste for novelty. In this 

setting, firms grow by introducing new product varieties and entering new markets. Such growth 

requires innovation ideas, which specify a product variety and a destination market. This reflects 

Schumpeter’s (1934) observation that innovation includes both a product variety and a market 

novelty. The arrival rate of these innovation ideas to firms is stochastic, and it is combined with 

stochastic exit of established varieties. Firm-level heterogeneity arises as a consequence of that the 

arrival rate of innovation ideas to each firm is determined by a firm-specific and state-dependent 

stochastic innovation process. State-dependence is modeled in such a way that the arrival rate of 

innovation ideas to a firm depends in a positive manner on the firms’ variety stock, i.e. the stock of 

already materialized ideas. As in Klette and Kortum (2004), one may think of the variety stock as 

reflecting a firm’s cumulated knowledge.  

 

We show that this model under given conditions predicts a stationary distribution of firms with 

different numbers of varieties and markets. Firms that only supply one variety to one market will co-

exist with large multi-variety and multi-market firms. This invariant distribution is sustained by a 

simultaneous process of entry and exit of varieties of incumbents as well as the entry of new firms and 

exit of established ones. With the described firm-level innovation process, a persistent skewed firm 

size distribution is thus associated with two significant forms of micro-dynamics: turnover of varieties 

associated with innovations by established as well as entering firms, and varieties that disappear from 

customers’ demand such that firms lose sales or exit.  

 

The empirical analysis makes use of detailed export data of Swedish firms’, which for each firm 

provide information on the actual sales of different product varieties on different markets over time. 

Export data lack detailed information about the supply pattern on the domestic market, but are rich in 

detail for all supply flows to foreign countries. For a small open economy like Sweden where, in 

international comparisons, a large fraction of firms are engaged in international trade (Andersson et 

al. 2008), we argue that for our purpose the downside of lack of information on domestic flows is 

outweighed by the richness of the export data.  
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We apply these data to firstly demonstrate with frequency plots and transition probability analysis that 

the distribution of firms according to their variety stock is skewed and highly persistent over time. As 

predicted by the model, however, this invariance in the distribution is associated with significant gross 

dynamics in terms of entry and exit of varieties of incumbent firms’ product lines, as well as entry and 

exit of firms. Secondly, we estimate an empirical model to verify that arrival rates of innovation ideas 

are different across firms and state-dependent. For this purpose we set-up a Poisson model in which 

the number of novel product varieties is explained by firm attributes including the variety stock. This 

exercise confirms that the rate of introduction of new varieties of a firm is positively associated with 

its variety stock, providing justification for arguments that the variety stock of a firm reflects its 

accumulated knowledge. Moreover, the analysis also shows that many of the firm attributes and 

milieu characteristics suggested by the empirical literature on innovating firms come out as important 

predictors of firms’ rate of introduction of new varieties. 

 

The remainder is organized as follows. Section 2 presents the model. We first discuss the core 

properties of the model and relate it to previous models. Then we present the structure of fixed and 

variable cost of each supplier and of each delivery flow, while adding the model of demand for 

varieties in each destination market. Finally an equilibrium concept is introduced in a discussion of 

market solutions and the nature of the “firm-size” distribution. Section 3 presents data and makes 

assessments on the basis of descriptive statistics. Section 4 provides the regression results and 

evaluates the findings. Section 5 concludes. 

 

2. THE MODEL 
 

2.1 Innovation Ideas, Varieties and Markets in Monopolistic Competition 
 
The model presented in the sequel embeds firm-specific stochastic innovation processes, ageing of 

varieties and scope economies within the framework developed by Dixit and Stiglitz (1977). In this 

framework, firms supply differentiated product varieties under conditions of monopolistic 

competition. Each variety belongs to a particular product group, for which all customers in each 

geographical market have identical constant elasticity of substitution (CES) preferences (cf. Krugman 

1980), which ascertains a ‘taste for variety’. In our model, innovation takes place when a firm 

receives an innovation idea and, as a consequence, makes a variety investment and a market channel 

investment, while recognizing that no market investment is needed for the domestic market. Scope 

economies result from our assumptions about the innovation costs. The demand framework in our 

model is in principle identical to Dixit and Stiglitz (1977) with one exception; i.e. ageing of varieties. 

It is with regard to the assumptions about the supply structure that our model distinguish itself from 

previous ones.  
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An early attempt to model the introduction of new product varieties can be found in Krugman (1979), 

based on a deterministic arrival process for novel variety ideas. In Klette and Kortum (2004) an 

individual firm acquires new product varieties at a Poisson rate that depends on the R&D investments 

made by the firm. Since other firms introduce new varieties, incumbent firms experience that these 

new products bring about a Poisson process of exit – such that product varieties disappear  from a 

firm’s product mix (in creative destruction). In the present model, which depicts partial conditions of 

every single product group, the dynamics are different – both with regard to entry and exit.  

 

First, the individual firm invests in product and market-channel development (R&D) when a viable 

innovation idea arrives to the firm. Such ideas are generated by a Poisson process that is specific to 

each firm, and the frequency of new ideas is assumed to depend on the firm’s past experience of 

innovations. For each destination-variety idea (i, j), the gross profit associated with the idea can be 

calculated, and a firm introduces the  variety only when the gross profit covers the associated 

investments in variety i and market channel j. For a completely new firm there is also a start-up cost 

that should be covered. Because of this, the number of entering varieties in a geographic market can 

never exceed the number of new ideas. 

 

Second, firms maximize profits by selecting a price for each market where it has introduced a variety. 

Because of CES preferences there is a unique price for all varieties in each market. In any given 

market there is taste for variety, but over time varieties become obsolete for customers in each given 

market according to a stochastic process. This phenomenon may be conceived as a temporal aspect of 

the taste for variety. The presence of this exit process implies that the entrepreneurial  generation of 

innovation ideas is a crucial part of the dynamic process. In order to keep markets in the 

neighborhood of equilibrium, entry of new varieties has to constantly reduce the gap in each market 

that is caused by exit of varieties and eventual growth in purchasing power. 

 

The Poisson process that generates innovation ideas is state dependent, and can be transformed into a 

Markov process, depicting the transition of firms between different states (in terms of number of 

destination varieties). Under given conditions the described process has a stationary distribution 

where firms of different size co-exist, and varieties enter and exit simultaneously. 

 

 

 

 

2.2 Market demand and supply behavior 
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Variable and Fixed Costs for Production and Destination Deliveries 
 

We consider an economy with many countries (destination markets), a set of product groups, where 

each such group contains differentiated varieties. Focusing on one such product group, we assume 

that in each destination market the customers have preferences implying taste for variety. In the model 

of this economy we analyze the conditions of individual firms selling  their varieties to some or all 

destination markets. In the empirical part of the paper, the information is about Swedish firms and 

their attributes. Thus, the empirical analyses are focused on a subset of all export suppliers.  

 

A fundamental distinction is made between L-firms selling only to the local (domestic) market and 

multi-market M-firms selling both to the domestic and at least one foreign market. A key role is 

played by a subset of local-market firms, namely L1-firms. An L1-firm supplies only one variety to its 

own domestic market. 

 

The demand structure in the domestic as well as in each of the destination markets is such that every 

product variety is supplied under conditions of monopolistic competition, and market solutions are 

identified for a sequence of points in time. A typical sales flow is signified by ijkx , where i refers to a 

particular variety,  j to a specific destination market, and k to an individual firm. The flow ijkx  will 

exist if firm k has made the destination-variety innovation, combining the variety i and the market j. 

The prerequisite for making an innovation is that the firm receives an innovation idea, where ideas are 

generated by a stochastic process which is specific for each firm. Moreover, an innovation is always a 

combination, (i, j), specifying both variety and market. Once a variety innovation is made, the firm 

can over time add new markets for this variety – given that such market ideas emerge. Finally, in 

order to simplify the formalism, we assume that a firm exporting a variety i always supplies the same 

variety to the domestic market, j = d, as long as there is a domestic demand.  

 

When a viable innovation idea, (i, j) arrives to a firm (or a potential firm), it has to make a  product-

development investment, Ĝ if the variety i is new to the firm and a market investment, ˆ
i  jH , if m rket 

j is also new, except for the domestic market, where we follow the tradition from New Economic 

Geography and assume dH  = 0 (Krugman 1990). For a given variety i, the investment ˆ
iG  can  

relied upon for all destination links that over time may develop on the basis of a sequence of market 

innovation ideas. In a similar way, a given destination-link investment can be utilised for several 

different varieties. When this applies, a multi-variety and multi-destination firm will benefit from 

economies of scope. 

a

be
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The investments  and ˆ
iG ˆ

jH  can be transformed to costs per unit of time, denoted by  and iG jH . In 

addition, we consider that the firm has a firm-specific fixed cost per unit of time, denoted by F. Given 

this, the following assumption is introduced: 

 
(A.1) Every firm has three types of capital: F-capital representing the firm-specific asset, 

a G-capital for each variety, and a jH -capital for each destination link  j, while observing 

that = 0. The variable cost of each firm is v per unit output. A firm is characterized by 

its destination-variety matrix 

dH

{ }ijω=Ω  defined below: 

 
1  if variety i is sold on market 
0  otherwiseij

j
ω

⎧
= ⎨
⎩

    (1) 

 
The Ω-matrix provides a complete description of a firm’s collection of destination varieties. From the 

matrix we can also construct the two summary variables presented in formulas (2) and (3). The 

number of specific varieties supplied by a firm is given by ∑ iJi ω , where: 

 
1   if 1j

0  otherwise
iJ

ijω
ω

∑ ≥⎧⎪= ⎨
⎪⎩

     (2) 

 
∑In a similar way the number of destination links is given by the summation Iji ω , where: 

 
1   if 1  for i

0  otherwise
  Ij

j dijω
ω

∑ ≥ ≠⎧⎪= ⎨
⎪⎩

    (3) 

 
 

iJi ω∑Obviously, for an L1-firm we have that  = 1 and j d Ijω≠∑  = 0. For a specific firm, k, we may 

calculate k
i iJkG ω= ∑ k

j d IjH kω≠= ∑

H

 denoting the number of varieties of firm k, and  denoting the 

number of distinct links of firm k. To obtain a transparent structure that captures essentials, we may 

now assume that the “periodised” capital cost is G for each variety and  for each destination link. 

Then using (3), the total cost of a firm with a given Ω-matrix can be calculates as follows: 

 
k i j ijk i iJk j d IjkC vx F G Hω ω≠= ∑ ∑ − − ∑ − ∑    (4)  

 
where v is the variable cost.  Consider now the potential presence of scope economies, and let 

#( )ijkx denote the number of flows for which . Rewriting (4) as 

 and observing that domestic market sales are not included in the 

0ijkx >

k k
i jk ijkx G G H H F= + +∑ ∑C v +
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value of , we can easily see that   + , which shows that scope economies are 

present. 

kH

lU a

#( )ijkx >

1 ...a a+

kG

1N+

kH

 

In (A.1) it is assumed that the variable cost, v, does not vary between firms. Hence, innovations do not 

change variable costs. Instead an individual firm can improve its productivity and gross profit by 

means of innovations that increase the firm’s economies of scope (see Appendix 2). 

 
Demand for Varieties and Prices in each Destination Market 
 
We assume that each destination market has N different product groups, 1,..,I, ..., N, and that 

customers’ purchasing decisions are based on an overall preference function, U, such that: 

 
1 1ln n ... ln ,    N NU a U= + + =    (5) 

 
jMThis means that  for a selected product group, I, we can identify a demand budget, , for the set of 

customers in market j. In all that follows, the theoretical analysis will be focused on this particular 

product group, and for this group we specify the following sub-utility measure of CES type: 

 
1/

I i
1

n

i
U q

φ
φ⎡ ⎤

= ⎢ ⎥
⎣ ⎦=
∑ 10 << φ ,      (6) 

 
jIFor each destination market j, the product group I is represented by the index set , specifying all 

potential varieties for that market. Assuming that customers optimize the preference function in (6) 

and that the number of varieties in the selected product group is large enough to make the income 

effect negligible (Dixit and Stiglitz, 1977), we can derive the following demand function: 

 

ij jj ipα −

)

Mθ=x       (7) 
 
 

where i denotes a given variety and j a given destination market, and where the parameter 

jα ji I∈1/(1θ = −φ > 1 represents the price elasticity and where  applies for all product varieties   

in each destination market j. The value of jα  reflects the market structure and shrinks as the number 

of varieties increases. If each supplier perceives the type of demand function given in (7), 

monopolistic competition between varieties applies and then we get 1
j jPθα −= , where 

)
1

( 1 θ 1
jj i iP p −≡ ∑  is the ideal price index (Dixit and Stiglitz, 1977).   θ−
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A major implication of the model presented is that in each market varieties compete for the 

customers’ budget. Firms are primarily acting by selecting an optimal price. In addition to this, firms 

differ by being either L-firms or M-firms, and we shall pay special attention to L1-firms with just one 

variety that is sold on the firm’s home market, and to M1-firms with only one variety sold 

domestically and to one foreign market. 

 
jP jαWe assume that each firm that sells to customers in market j perceives  and hence  as given. 

This implies that such a firm selects an optimal price by maximizing the gross profit associated with 

the flow ijx ( )ij ijp v x−, which means that the firm maximizes . As shown in Andersson and 

Johansson (2008), the firm will select the price: 

 
      (8) /( 1)o

ijp p vθ θ= = −
 

op , which implies that Thus, for each destination, every variety is sold at the price 

( )o
ij j i jx p Mθα −= jα, where the size of the coefficient depends on the number of varieties supplied. 

At each point in time the number of varieties is given by past innovations. The price in (8) is only 

viable if the net profit is non-negative.  For an L1-firm located in market j, the net profit can be 

expressed by , and if  all foreign firms exporting to market j will 

have a non-negative net profit for each variety flow, given that F + G 

1 ( )o
L ijV p v x F= − − − 1LVG 0≥

> H. This follows since, 

contrary to L1-firms,  all foreign firms have at least two markets – one export and one domestic. 

 

How can we keep track of which varieties are supplied to market j, and which varieties are not? For 

any given point in time, o
j jI I⊂  denotes those varieties that are currently supplied. Suppose now that 

 in market j which defines an exact value of o
ijx x=1 0LV = . Then we can conclude that the market is 

saturated in an exact way when:  

 
o o o

j jp x n M=      (9a) 
 

o
jnObserving that  is an integer, the market normally has to settle at an approximate equilibrium 

such that: 

( 1) jo o o o o o o
j j j j o o

M
p x n M p x n n

p x
≤ ≤ + ⇒ ≈    (9b) 

 

where  satisfies0o
jx > o o o

j j jp x n M= 1 ( )o o
L jV p v x F G o

jI0= − − − >, while . Then, what applies if  

contains only o
j jn n<  varieties? In such a case then demand function tells us that each delivery flow 
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o
j

ij ij ji I
p x M

∈
=∑o

ijx x>satisfies , where and all firms make a profit. In view of (9a, 9b), we may 

think of ( o
j ijn x −

( )o

)jx  as a gap in the market, implying that new varieties can be introduced whenever 

jx o
j ijn x − x> . 

 

Exit of Varieties and Arrival of Ideas 
 

jnConsider the number of varieties,  , supplied to market j at a given point in time. This number is 

constrained by two factors:  

 

jMi. the size of  the market in j, , and  

o
jIii. the historically given number of varieties, “enumerated” in the set , that have been 

developed by innovating firms selling to market j.  

 

What will happen with the established varieties as time goes by? We assume that the taste for variety 

has a temporal dimension, such that for each market there is a positive probability for any variety of 

becoming obsolete so that it disappears from the set o
jI I⊂ . Formally, we assume: j

 
o
jI(A.2) Over time, a stochastic process generates exit of varieties from each index set , 

where the exit of variety o
ji I∈  reflects that this variety has become obsolete in view of 

the customers in market j. 
 
This assumption puts the CES preference structure in a new perspective. The assumption plays an 

important role by augmenting the options of firms to make variety innovations. In addition, the 

relevance of the assumption will be assessed empirically. 

 

Our next task is to make precise how innovation ideas are generated and what they comprise. By 

innovation idea we always refer to a firm’s conception of a destination variety, specifying a unique 

variety and a specific market destination. This means that a firm in steps may combine a specific 

variety with several destination ideas. In a dual manner, a firm may over time associate a given 

destination link with a growing number of new varieties.  

 

How do innovation ideas arrive to established and potential firms? In the model we assume that the 

arrival is governed by a stochastic process of the following nature: 
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(A.3) Innovation ideas arrive according to a Poisson process, and this process is specific 

for each established and each potential firm, in the sense that the rate of arrival of ideas 

can differ between firms and can evolve over time. An innovation idea is turned into a 

destination variety (an innovation) by the firm, given that the firm’s net profit is not 

reduced by the decision to innovate. 

 
Introducing (A.3) provides a way to capture systems properties of all sorts of complex phenomena 

that influence the creation of new ideas by entrepreneurs in the set of existing and potential firms. In 

this way we use (A.3) as a tool to systematically investigate firm attributes and other factors that can 

influence the arrival rate of ideas. The most obvious way to make the arrival rate of firm k, kλ ,  state-

dependent is to assume that ( )knλkλ  = , which assumes that the firm’s innovation history is reflected 

by its stock of active destination varieties, , and that the size of this stock influences the speed of 

arrival in a positive way. This is similar to the model developed by Klette and Kortum (2004), in 

which a firm of any size adds new products by innovating, but in any period its likelihood of success 

depends on its knowledge capital accumulated through past product innovations.

kn

2 

 
2.3 Market solutions 
 
Entry Conditions, Survival and Equilibrium 
 
Which are the conditions that have to be satisfied in order to make an innovation idea viable, so that it 

can materialize? Moreover, what are the conditions for a firm’s survival over time? With regard to the 

latter question, we simply assume that firm k survives as long as , where the net profit is 

defined in (10). 

0kV ≥

 

( )o k
k ijki j

V p v x G G H H= − + + +∑ ∑ k F    (10) 

 
Next, we assume that any firm k with  can introduce a destination variety (i, j) as long as the 

introduction makes the -value at least as large as before the introduction. 

0kV ≥

kV

 
(A.4) A firm k can introduce a destination variety (i, j) if the gross profit, ( )o

ijkp v x−   

associated with the flow ijkx , exceeds the fixed costs that are caused by the introduction. 

 

                                                 
2 A question that may be raised is; what happens when a firm receives an idea which at the time of arrival 
cannot be turned into an innovation due to the net profit constraint? There are two options. The first option is 
that the idea is dropped, forgotten and may return at a later time. The alternative where firms store ideas and 
innovate at a later stage would require additional model details and is not considered here.  
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Proposition 1: Assume that F + G > H and that at least one L1-firm is present in market j with 

. Then from (10) we know that the destination variety (i, j) can be introduced if there is a gap 

in the market such that 

1 0LV ≥

( o )j ij jn x x− ox o
ijkx x> 3 > , where .

 
There are two processes that influence the existence of a gap in the market, The first is a gradual 

growth of demand, such that ( ) (j )jM t M tτ+ > . The second is the exit of obsolete varieties. As long 

as a positive change of Mj and a variety exit process sustain a gap in the market, there will exist a 

stationary equilibrium in each such market j. In the absence of a gap in the market, the result is that 

there will be creative destruction caused by the presence of economies of scope combined with an 

ongoing process of arrival of innovation ideas to multi-variety firms.  

 

Consider now a market in a temporary approximate equilibrium, as given in (9b), such that 
o o o

j jp x n M≈ o
jx, which implies no gap in the market. The supply  is just large enough to bring an 

L1-firm above zero net profit. If a new variety is introduced into this market, the number of varieties 

will be  and every supplier will after the introduction sell the amount 

 < 

1o
j jn n= +

1)]o
jn + ox[ /(o o

j j jx x n= . Such an amount is insufficient for an L1-firm, but it is indeed  sufficient 

for the innovating firm in the following cases: 

 

(i) The innovator establishes the new link  j for an already developed variety i, which 
means that the additional gross profit is ( )( /( 1o o o

j j ) op v n n x− + , while the additional 
fixed cost is H. 
 
 

(ii) The innovator has already a link to market j and develops the new variety i, which 
means that the gross profit of the innovation is ( )(o

ij id )p v x x− +

( 1)o o o
j

, while the additional 

fixed cost is G. We also observe that ( /( 1)o o o
d d( /ij jx n n x+ idx n n x≥ += .  and 

 
Case (i) above includes the special case when the innovator is an L1-firm that shifts to become and 

M1-firm by starting to export its domestic-market variety so that the profit is shifted from 

 to 1 ( )o o
LV p v x F G= − − − ≥ 0 1 1( )( )o o

M ij LV p v x x F G H V= − + − − − >

)( )o
ij

, where F + G > H 

and . The former ascertains that (( /( 1)o o o
ij j jx x n n= + p v x−  > H. 

 

                                                 
o( )op v x−3 To see this, observe that  implies that 1 0LV ≥  > F + G, and firm k can (due to the gap in the 

market) get the gross profit ( )o op v x−  which is larger than the associated costs G + H  < F + G. 
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( )o op v x F G− = +

o o o

The reference is the L1-firm in the destination market, for which  applies before 

the introduction of an additional variety. As a consequence all L1-firms in market j will experience 

net negative profits, and non-negative profits of L1-firms require the exit of at least one variety from 

the market. As long as exit takes place, the equilibrium condition j jp x n M≈  will be re-

established or the market solution will fluctuate in the neighborhood of the equilibrium. For a market, 

j in equilibrium, additional varieties may enter with the consequence that each flow ijx is reduced 

below ox , which means that L1-firms cannot innovate when there is no gap in the market. Eventually, 

all L1-firms will be squeezed out from market j. In that case we suggest that M1-firms located in 

market j are used for reference, where oo ox x<  is a  with an equilibrium where 1ssociated MV =0.  

 

 Appendix 2 we show the limit values for the average gross profit flows that obtains when sales in a In

market shrink due to “over-crowding” of varieties, such that oo o
j j jn n n> > . It is also shown that the 

L1-equilirium, specified as o o o
j jp x n M= , can be replaced by ust M1-equlibrium where 

o oo oo

 the more rob

j jp x n M= , observing onomies make M1-firms more profitable than L1-firms. 

wn in the next subsection, stationary solutions associated with o o o

that scope ec

However, as sho j jp x n M≈  obtain 

as a natural outcome of our model. 

 
Stationary Properties of t
 

he Supply Pattern 

ccording to the preceding analysis, the development of each individual destination market is 

onsider now that in our model, the past history of a firm is recorded by the stock of destination 

A

influenced by the consecutive arrival of innovation ideas to existing firms as well as to entrepreneurs 

who start  firms. Assumption (A.3) emphasizes that innovation ideas arrive with a frequency that is 

particular for each existing and potential firm, and that the arrival rate of each firm is influenced by 

the past history of the firm. The assumption is that at any given point in time ideas arrive according to 

a firm-specific Poisson process. The objective here is to depict all these individual processes as parts 

of a Markov process. 

 

C

varieties that a firm has. To reflect this, firms (including potential firms) are grouped into classes k  = 

0, 1, 2, …, where k denotes the number of active destination varieties of every firm in class k. Then 

observing that there is both an entry and an exit process, we assume that each firm in state k is 

characterized by transition rates klq  reflecting the probability that a firm in state k will change to state 

l where the firm loses varieties if  k and gains if the opposite holds. Thus, the rate klq combines the  l <
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probability of variety entry and exit, as given by the Poisson arrival and exit process relevant for k-

firms. On the basis of  Appendix 1 we assume: 

 
( , )klq t t τ+(A.5) Let  denote the probability that a firm in state k moves to state l in the 

time interval { }klQ q=

1[ ( ), (f t f

τ . If we let 0τ →  we obtain a transition matrix , where k, l = 

0,1,....,n. We assume that at each time t there is a vector ( ) ),... ( ),...]o kf t t f t=  

describing the share of firms in each state, where 0 ( )f t

( ) /t dt

is the share of potential firms. The 

change of the supply structure is described by df ( )f t Q= . 

 
The Q-matrix summarizes the dynamics of the model introduced in previous sections. The matrix will 

depict the dynamics in an exact way as long as each market has a small gap that allows innovation 

ideas to materialize as new destination varieties. We will refer to this condition by saying that we 

study the process of entry and exit when every market is in the neighborhood of its equilibrium. Given 

that, the following conclusion can be drawn: 

 

Proposition 2: Assume that the Q-matrix is irreducible. Then the assumption in (A.4) implies that the 

Markov process defined by the Q-matrix has a stationary solution such that 

, which means that the process has a stationary and skewed distribution of firms classified 

according to their number of destination varieties. 

* *
0* ( ,..., ,..)kf f f=

*f Q = 0

 

The proposition is substantiated in Appendix 1, which also explains that the matrix Q is irreducible 

when it is possible to reach each state from any given state. This is satisfied in the model, since every 

state k is characterized by specific and positive arrival and exit rates. According to the proposition we 

can expect a distribution which at each point in time contains firms of varying size. 

 

3. HETEROGENEITY IN VARIETY STOCK ACROSS FIRMS AND THE ENTRY 
AND EXIT OF VARIETIES – evidence from firm-level trade data 

 
 

The assumptions about the dynamics of entry and exit of varieties in the model suggest  a stationary 

distribution of firms with different numbers of varieties. In this section, we assess the empirical 

relevance of the overall predictions of the model structure. These are the invariance of a skewed size 

distribution over time associated with significant gross entry and exit of varieties, such that the supply 

pattern of existing firms change over time and firms enter and exit.  
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We first present the data and describe the measurement of varieties at the level of individual firms, 

Then, we go on to depict the distribution of firms according to the size of their variety stock and the 

invariance of this distribution over time. Finally, we illustrate the frequency of entry and exit of 

varieties by firms and how the distribution of entry and exit is related to the distribution the variety 

stock. We also show that entry and exit of varieties is economically relevant in terms of export value.  

 

3.1   Description of data and the measurement of varieties 
 
We make use of data maintained by Statistics Sweden which include information on firms’ export 

activities on a yearly basis between 1998 and 2004.4 These data are maintained by Statistics Sweden 

(SCB).  In these data firms are defined as legal entities and the analysis is restricted to firms in 

manufacturing sectors (NACE 15-36), identified according to the firms’ industry affiliation in the 

balance sheet data. The data on exports at firm-level have been matched with data providing balance-

sheet information for each firm, and include data on the number of employees, value-added, sales, 

etc., as well as the education level of the employees of each firm and its ownership structure, i.e. 

whether the firm is independent or affiliated with a domestic corporation, domestic or foreign 

multinational, respectively.  

 

An advantage of using export data is that they contain detailed information on the supply pattern of 

each firm over time. They provide, for each firm and year, information on exports tabulated across 

products and destination markets (countries). A product variety is here defined as a product 

classification code at the 6-digit level according to the CN classification scheme.5 At this level of 

aggregation there are over 8 000 product codes. The structure of the data makes it possible to identify 

the number of product varieties, number of destination countries as well as the number of unique 

combinations of product varieties and destination markets of each firm over time.   

 

{ }ijω=ΩThe model introduced in Section 2 specifies the concept of a destination-variety matrix  

where ijω =1 if variety i, i.e. a product code at the 6-digit level,  is sold on market j and 0 otherwise. 

Our measure of a firm k’s variety stock follows this structure and is given by the summation 

                                                 
4 Detailed description of these data can be found in Andersson et al. (2008) and Andersson and Johansson 
(2008).  
5 CN is an acronym for the Combined Nomenclature. When declared to customs in the EU, goods must 
generally be classified according to the CN. The CN is a method for designating goods and merchandise which 
was established to meet, at one and the same time, the requirements both of the Common Customs Tariff and of 
the external trade statistics of the Community. The CN is also used in intra-Community trade statistics. The CN 
is comprised of the Harmonized System (HS) nomenclature with further Community subdivisions. The 
Harmonized system is run by the World Customs Organization (WCO). Information at a finer level of 
disaggregation (8-digit) is accessible, but because of granulites at this aggregation level at the firm level, we opt 
for the 6-digit level. 
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k
ijn kω=∑ , which is the number of distinct combinations of product varieties and destination 

markets of each firm k. In every year,  provides a complete measure of the variety of firm k’s 

export flows. Henceforth, we refer to  as the variety stock of a firm. Observe that non-exporting 

firms are defined by the condition n = 0, whereas all exporting firms have  

kn
kn

k kn > 1.  

 

An implicit assumption behind the described measure of a firm’s variety stock is that a product 

variety exported to market j is differentiated from the same product variety exported to a different 

market l. This can be appreciated as a consequence of the assumption that each destination-variety 

requires a specific innovation idea, specifying a variety and a destination market. It may also be 

viewed as a form of a firm-level dual to the well-known Armington assumption in Armington (1969), 

which states in its original formulation that products are distinguished by place of production. Many 

papers derive measures pertaining to the Armington assumption. Feenstra (1994) and Broda and 

Weinstein (2006), for instance, define a variety as an 8- or 10-digit product code produced in a 

particular country. In these papers, each unique combination of a country and product code thus 

constitutes a variety. In the variety stock measure applied here, varieties are distinguished by place of 

consumption in combination with a product classification code (6-digit CN). Hence, the same 6-digit 

CN exported by a given firm to two different countries counts as two destination varieties of the firm. 

In the sequel, we will illustrate the level of heterogeneity across Swedish manufacturing firms in 

terms of the variety stock. 

 

In order to illustrate dynamics in firms’ supply pattern over time, we further identify the entry and exit 

of destination varieties in firms’ destination-variety matrix between time periods. That is, we will 

identify changes in the destination-variety matrix { }ijω=Ω . Entry of a destination variety occurs 

when = 1 in period ( t 6τ+ijω ijω ijω= 0 in period t, but ).  Similarly, exit occurs whenever = 1 in 

period t, but = 0 in period ( t τ+ijω ).Our  illustration of firm-level heterogeneity in the next section is 

thus based on three different measures: 

 

1. Variety stock and its change over time = number of destination-varieties  

2. New varieties =  new destination-varieties of the firm between time periods 

3. Exiting varieties = destination-varieties that vanish between time periods 

 
                                                 
6 Note that a firm exporting product variety i to a new market m will expand its variety stock. The same takes 
place if firms initiate export of a new product variety s to a market j to which it already exports other product 
varieties. Hence no distinction is made between a new product variety (CN6-code) to a destination country 
already served, or a new destination country of a product variety already in a firm’s export supply schedule.  
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The variety stock measure allows us to depict the heterogeneity of firms in terms of observable 

features of firms’ actual sales of different products on different markets in each time period. The 

identification of the entry and exit of destination varieties allow us to assess dynamics in the firm’s 

supply pattern over time, and this dynamics may be compared with the dynamics of a firm’s variety 

stock. In the analysis we have t = 1998 and ( t τ+ ) = 2004.   

 

3.2   The variety stock and its invariance over time 
 

Figure 1 presents the distribution of firms across different levels of the variety stock in 2004. The 

horizontal axis measures the variety stock in logs. The vertical axis measures the log of the number of 

firms associated with a given variety stock. Each dot in the figure represents the log of the number of 

firms associated with given variety stock according to the horizontal axis.  
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Figure 1. The distribution of varieties across firms among export firms in 2004.  
 
 
The pattern in Figure 1 relates to the well-known rank-size distribution and to previous observations 

of skewed distributions of firm size (Ijiri and Simon 1977, Axtell 2001 and 2006). The picture reveals 

that the number of firms falls monotonically as the variety stock increases. The distribution of firms 

over variety stocks is skewed: in terms of the magnitude of their variety stock, firms are truly 

heterogeneous. Many firms are associated with only one destination variety, and a smaller number of 

firms supply many product varieties to different markets. There is co-existence of large multi-variety 

firms and small single variety firms. The figure depicts the situation in the manufacturing sector 
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treated as one large group of firms. However, even within narrowly defined manufacturing sectors, 

the overall picture remains.   

 

The distribution depicted by Figure 1 is for the year 2004, but remains rather invariant over time when 

looking at the period 1998-2004. Firms tend to remain within or in the neighborhood of the same level 

of variety stock over time. We illustrate this by studying the ‘diagonal bias’ of a transition matrix 

depicting firms’ switching between different states in terms of the level of their variety stock. Let  

denote the probability that a firm in state k will remain in the same state over a time interval τ. 

Furthermore, let  and  denote the probability that a firm in state k switches to the nearest 

state below and above the initial state, respectively, during the same time interval. For each initial 

state k,  corresponds to the diagonal elements of a transition matrix, whereas 

kkq

1kkq − 1kkq +

kkq 1kkq −  and 

correspond to one step left and one step right, respectively, off the diagonal. The two measures 

 and  then provide a description of the ‘diagonal bias’ of the observed state 

transitions of firms over time. Table 1 presents the values of  and  based on observations of 

how firms switch states over the seven-year period 1998-2004.  

1kkq +

kkq ˆ 1 kkq− +k k kkq q k q= + 1+

ˆkqkkq

 

The results are given for a 15-state Markov chain where the states are based on a grouping of firms 

according to the level of their variety stock in each time period. State 1 comprise firms with zero 

varieties, i.e. non-exporters, and state 15 those firms with a large number of varieties ( > 135). The 

principle of equal percentiles is applied in the groupings, though state 1 contains a relatively large set 

of firms given the nature of the data. The transition probabilities  are estimated consistently by 

Maximum Likelihood (ML), which calculates each transition probability  by the so-called count 

method (e.g. Norris 1998).

klq

klq
7  

 

It is evident from the table that the transition probability matrix has a diagonal bias. For all states in 

period t,   is over 60 %. Hence, firms tend to remain within or in the neighborhood of the same 

state over time. This reflects persistence in the size distribution illustrated by Figure 1. Firm-level 

heterogeneity in variety stock is persistent, which is in accordance with the stationary distribution of 

firms with different size of the model presented in Section 2. However, as we will show in the sequel, 

despite the described invariance in structures, there is significant gross dynamics in terms of entry and 

exit of destination varieties across firms. Between periods, the elements, 

ˆkq

ijω , of firms’ destination-

                                                 
7 Each transition probability,  , is calculated by the number of transitions from state k to state l  divided by 
the number of times the chains leaves state k.  

klq
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variety matrix  frequently switch state from 0 to 1 and vice versa, although the variety stock of a 

firm k, n

Ω

ij
k kω=∑ , tends to retain its level.  

 
Table 1. State Transition Probabilities 

Average yearly share 
of firms in group (%) kkq 1 1ˆk kk kk kkq q q q− += + + (%)   (%) State in period t 

Non exporter          
(0 export varieties) 26.4 81.8 92.7 

1 variety 8.3 31.6 81.8 

2 varieties 5.7 23.2 63.2 

3 varieties  4.3 17.6 60.7 

4-5 varieties 6.7 29.5 61.5 

6-7 varieties 4.7 23.6 64.7 

8-9 varieties 4.1 24.2 63.3 

10-12 varieties 4.5 27.1 67.1 

13-16 varieties 4.7 33.1 75.8 

17-22 varieties 5.0 39.4 82.5 

23-31 varieties 5.2 46.4 88.2 

32-45 varieties 4.8 51.8 93.4 

46-66 varieties 4.7 58.8 96.1 

67-135 varieties 5.7 76.7 98.3 

> 135 varieties 5.3 92.1 99.5 

 

3.3   Entry and Exit of Varieties 
 
The dynamics of the model implies a stationary skewed distribution of firm size associated with gross 

dynamics where varieties enter and exit. The described dynamics imply that existing firms change 

their supply pattern at the same time as new firms enter and some firms exit. The previous section 

illustrates the relevance of a stationary distribution. This section assesses the entry and exit of 

varieties, focusing on the change in supply pattern of existing firms. We first ask whether the entry 

and exit phenomena of varieties is economically significant in terms of sales value. We then assess 

how the entry and exit of varieties relate to the variety stock.  

 

Almost all firms that export persistently introduce new varieties at a fairly high rate over time. 

Table 2 shows that the micro-dynamics of firms’ export supply pattern is economically significant. 

About 20 percent of the export value of exporting firms in 2004 was generated by destination varieties 
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that were not included in the firms supply schedule in 1998. The firms considered were also exporters 

in 1998, such that a fifth of their total export value in 2004 was generated by new destination varieties 

compared to 1998. Looking at the unweighed average (average of the individual firms’ share), the 

same fraction amounts to 40 percent, but the distribution of this fraction across firms is skewed. The 

median fraction is half of the average and the fraction ranges from 0 to 100 percent. Both the weighed 

and the unweighed figure however show that the entry and exit of destination varieties is indeed 

economically significant.  

 
Table 2. Economic significance of entry and exit of destination varieties. 

Fraction of export value in 2004 generated  by new 
varieties (fraction of total, sum across all persistent 
exporters) 

0.21 

Fraction of export value in 2004 generated  by new 
varieties (based on individual firms’ fraction)  

Mean 0.40 

Median 0.25 

Std. Deviation 0.37 

Min 0.00 

Max 1.00 

 
 

Figure 2 illustrates the distribution of new and vanishing destination varieties across firms that export 

persistently over the period 1998-2004 and compares them with the distribution of the variety stock in 

1998.8 If the stationary distribution of variety stock results from the simultaneous entry and exit of 

varieties, then we should observe that the distribution of firms according to their variety stock closely 

follows the distribution of firms according to entry and exit of varieties in their supply pattern. The 

figure presents Kernel density estimates (estimated of the probability density function) of each 

variable.  

 

It is evident from the diagrams that the distribution of entering and exiting destination varieties of 

firms that export persistently 1998-2004 show similar properties as the distribution of their variety 

stock in the base year 1998. The similarity of the distributions for the variety stock, new varieties and 

vanishing varieties illustrates that the invariance in variety stock is indeed associated with significant 

gross dynamics of entry and exit of destination varieties. The micro-dynamics of the supply pattern of 

individual firms is such that the overall distribution remains intact over time.  

 

                                                 
8 We are here interested in changes of the supply pattern of firms over time as evidenced by the composition of 
their exports and therefore exclude firms that exports temporarily over the period 1998-2004. 
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Figure 2. Kernel densities of (log) exiting, (log) new destination varieties and (log) variety stock. 
 

 

4. HOW ARE INNOVATION IDEAS GENEREATED? 
 
 
4.1   The Innovation Process 
 

The model outlined in Section 2 depicts for a sequence of dates the market solution each date, 

including every firm’s introduction of new destination varieties and the exit of such varieties. In such 

a dynamic sequence the arrival of ideas to a firm is influenced by the past history of the firm, which is 

the essence of the Markov process introduced in (A.4). For each date, representing a time interval, 

every entrepreneur (established as well as potential firm) is assumed to receive innovation ideas, 

according to a firm-specific Poisson process, as described in (A.3). For a particular firm k, the 

probability of receiving (or developing) n innovation ideas is given by: 

 
{ }Prob( ) exp ( ) / !n

k kN n nλ λ= = − k     (11) 

 
0kλ >where  denotes the rate at which ideas arrive during the given time interval between two dates, 

is the random variable and n is the dummy variable of the process. An important property of the kN
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process is that only a finite number of ideas can arrive in a finite time interval, and this is sometimes 

referred to as the ‘law of rare events’ (Haight 1967). As a further characterization, let d be the time 

distance between two consecutive events, and observe that the corresponding probability distribution 

is negative exponential, which means that  { }Prob( ) exp kD d dλ> = − .  

 

λFor a given limited sequence of time intervals we shall treat the -value as specific for each 

entrepreneur and constant for the sequence. For some entrepreneurs the arrival rate will be much 

higher than for others. This can be seen as a prerequisite for model solutions, comprising the presence 

of both M1-firms and M-firms of different size (with different numbers of varieties and destinations). 

There is also an exit process, introduced in (A.1) and described as an exit of varieties from the index 

set o
jI o

jI for each market j. Since each variety in  is coupled to an individual supplier, the exit of 

varieties can also be described as a process for each individual supplier.  

 

4.2   What Influence the Arrival Rate? – firm attributes and milieu 
characteristics 

 
λFor a limited time period the -value of the innovation-ideas process are assumed to be fixed for 

each firm. Firms have however different λ-values and the purpose of this section is to empirically 

model this arrival-rate parameter can be derived as a function of firm attributes and milieu 

characteristics. Using the previously described firm-level trade data, we estimate the λ-parameter by 

using observations of the introduction of novel export destination-varieties by firms. The assumption 

of state-dependence is assessed by including the variety stock as an explanatory variable for λ, while 

controlling for other firm attributes and milieu characteristics.9  

 

Table 3 presents the set of variables assumed to influence a firm’s λ, i.e. its arrival rate of innovation 

ideas. The model includes four groups of variables; (i) firm attributes, (ii) international trade status, 

(iii) ownership structure and (iv) milieu characteristics. The first group of variables comprises basic 

attributes of the firms, typically emphasized in the Schumpeterian literature (. Firm size, labour 

productivity and capital are assumed to reflect advantages associated with the scale of the firm. A 

firm’s knowledge intensity, approximated by the fraction of employees with long university 

education, is assumed to reflect its absorptive and innovative capacity. A large literature finds that the 

knowledge intensity of a firm’s workforce is a major determinant of its innovation output.  

 

 

                                                 
9 One may put the assumption of state-dependence in the introduction of new export varieties in relation to the 
literature on ‘learning-by-exporting’, which states that firms acquire knowledge from export market 
participation (cf. Andersson and Lööf 2009).   
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Table 3. Variables explaining the arrival rate of innovation ideas in the empirical model.  

Variable Definition Motivation  

Size Number of employees  

Book value of machinery and 
buildings 

Scale advantages and the 
exploitation of scale economies 

Capital 

Fi
rm

 a
tt

ri
bu

te
s 

Labor productivity Value-added per employee 

Capacity to absorb, assimilate 
and develop knowledge and 
innovation ideas (cf. Bartel and 
Lichtenberg 1987, Cohen and 
Levinthal 1990) 

Employees with long university 
education (Knowledge intensity > 3 years) as a 
fraction of all employees 

State-dependence of arrival of 
innovation ideas. Accumulated 
knowledge. 

Number of destination-variety 
combinations  

In
te

rn
at

io
na

l t
ra

de
 

st
at

us
 

Variety Stock 

Dummy variable, which is 1 if 
the firm has positive exports  Export activity Trade experience. Knowledge 

flows from abroad mediated 
through exports and imports (cf. 
Keller 2004, Lööf and 
Andersson 2010) 

 

Dummy which is 1 if the firm 
has positive imports Import activity 

Exports as a fraction of total 
sales Export intensity 

Dummy which is one if the firm 
is affiliated to a domestic 
corporation 

Domestic corporation 

O
w

ne
rs

hi
p 

st
ru

ct
ur

e 

Intra-MNE knowledge flows (cf. 
Pfaffermayr and Bellak 2002, 
Dachs et al 2008) 

Domestic 
multinational 
enterprise (MNE) 

Dummy which is 1 if the firm is 
affiliated to a Swedish-owned 
MNE 

 

Dummy which is 1 if the firm is 
affiliated to a foreign-owned 
MNE 

Foreign multinational 
enterprise (MNE) 

Dummy which is 1 of the firm is 
located in the Stockholm, 
functional region 

M
ili

eu
 c

ha
ra

ct
er

is
tic

s 

Metropolitan dummy 

Flow of innovation ideas 
stimulated by proximity, 
agglomeration economies (cf. 
Glaeser 1994, Aitken et al. 
1997) 

Total exports per employee in 
the functional region (excluding 
the observed firm) in which the 
firm is located 

Export per employee 
in region  

Number of persistent exporters 
in the region the firm is located 
in (excluding the observed firm) 

Persistent exporters 
in region 

 
 

The second group of variables describes the firm’s trade status. The variety-stock is measured as 

described in Section 3 and is included to assess the assumption of state-dependence in the arrival rate 

of innovation ideas. We also include two dummy variables reflecting whether the firm has exports and 

imports, respectively. We expect that firms that are engaged in export and import have a higher arrival 
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rate of innovation ideas. There are frequent arguments in the literature that export and imports may 

stimulate knowledge and information flows to an individual firm (see e.g. the literature on 

international technology diffusion surveyed by Keller 2004).  

 

The third group consists of a set of dummy variables which depict the ownership structure of the firm. 

We distinguish between non-affiliated firms (reference ownership structure), affiliation to domestic 

corporation and affiliation to a multinational enterprise, domestically-owned or foreign-owned 

corporations. We expect that there are differences between non-MNEs and MNEs as well as between 

domestic-owned MNEs and foreign-owned MNEs as regards the arrival rate of innovation ideas. By 

definition, MNEs have established links to several markets and thereby a coupling to several 

knowledge sources and innovation systems (cf. Dachs et al. 2008). They also have strong internal 

capabilities pertaining to the development of proprietary information and knowledge within the 

corporation (Pfaffermayr and Bellak 2002).10  

 

The final group of variables reflects characteristics of the region the firm is located in. A large 

literature on agglomeration economies emphasizes that density of firms and the spatial concentration 

of human capital bring about place-specific external economies. A main argument in the literature is 

the local environment as a source of knowledge and ideas (Feldman 1999, Glaeser 2004, Andersson 

and Johansson 2008). Based on these arguments, we include a dummy for firms located in either of 

Sweden’s three metropolitan regions, i.e. Stockholm, Göteborg and Malmö region.11 Furthermore, we 

include two measures of export activities in the region. Regions with high general export intensity and 

large number of persistent exporters are expected to be associated with a higher intensity of flows of 

innovation ideas pertaining to destination-variety combinations (cf. Aitken 1997).   
 

4.3   Estimation Strategy and Results 
 
We estimate a model in which the number of new destination-varieties of a firm over a sequence of 

periods (1998-2004) is explained by initial conditions, such that the variables in Table 3 measures the 

state in 1998. We thus explain new elements in the destination-variety matrix { }ijω=Ω  of each firm, 

where new elements in a firm’s destination-variety matrix are identified by comparing 1998 and 2004. 

As a robustness check, we also estimate the model for a shorter time interval, i.e. 1998-2000. 

 

                                                 
10MNEs have high ratios of R&D relative to sales, a large number of scientific, technical and other ‘white-
collar’ workers as a percentage of their workforce, high value of intangible assets and large product 
differentiation efforts, such as high advertising to sales ratios (van Marrewijk 2002).  
11 A region is defined as a functional region. A functional region consists of several municipalities that together 
form an integrated local labor market. They are delineated based on the intensity of commuting flows between 
municipalities. Within such a region, time distances between places are small enough to allow for frequent face-
to-face contacts . We use a definition of functional regions in which there are 81 in Sweden.  
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The number of new destination-varieties of a firm is count data and take non-negative discrete vales 

0,1,2,…,n. This means that our theoretical assumptions about the arrival process of innovation ideas 

as well as the nature of the data suggest a Poisson model. We estimate our model with the Negative 

Binomial (NEGBIN) regression model. The NEGBIN model is commonly used for analyses of count 

data and assumes that the number of events during a period is drawn from a Poisson distribution with 

parameter λ (Cameron and Trivedi 1998). This parameter is the expected number of events during a 

given time interval.  

 

The standard Poisson regression model formulates λi as a log-linear function of the regressors, 

ii Xβλ ′=ln

ii Xln ′=

, and rests on the restrictive assumption of equality of the conditional mean and variance 

functions. The NEGBIN model relaxes this assumption and introduces individual unobserved effects, 

iii ulnln +=+ λεβμ . The disturbance εi reflects specification error or cross-sectional 

heterogeneity. The distribution of ni (the events) remains Poisson but is conditional on both Xi and ui, 

i.e. ( ) !)(, i
n

ii
u

iii nueuXnf iii λλ−= . In the present empirical context, the number of events is new 

destination-varieties for each firm i. Our assumption is that λ – the arrival rate of innovation ideas – is 

firm-specific and may be explained by a vector comprising the variables in Table 3. The results of the 

estimation are presented in Table 4.  

 

Overall, the results confirm that the frequency of introduction of new destination-varieties is firm-

specific and may be explained by the variables in Table 3. Also, they show that the different time 

periods considered (1998-2004 and 1998-200) yield consistent results. First, the estimated parameter 

for the variety stock is positive and significant, lending support for the hypothesis of state-dependent 

arrival rates of innovation ideas. Firms with a larger variety-stock, and thereby a larger stock of 

accumulated knowledge, have higher arrival rate.  

 

Second, the estimated impacts of the firm attributes are significant and positive. Size, labour 

productivity and knowledge intensity are associated with positive and significant parameter estimates. 

This reflects a positive impact of scale advantages and absorptive capacity. Thirdly, firms active on 

international markets through exports and imports in the base period are more likely to introduce 

novel destination-varieties in subsequent periods. This is consistent with the ideas that trade 

experience stimulates the arrival of ideas for new destination-varieties.  
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Table 4. Estimated influence on the arrival rate of innovation ideas. Parameter estimates obtained with the 
Negative Binomial regression model. 

New varieties      
1998-2004 

New varieties    
1998-2000 Variable 

0.002 0.002 Variety stock (2.50)* (2.28)* 

0.941 1.372 Export dummy (7.16)** (12.24)** 

0.673 0.648 Import dummy (8.55)** (8.61)** 

0.234 0.325 Size (log) (4.16)** (7.66)** 

1.314 1.151 Knowledge intensity (2.67)** (2.78)** 

Export intensity  1.120 1.067 
(export as a fraction of sales) (7.13)** (7.91)** 

0.000 0.000 Labor productivity (2.28)* (3.47)** 

0.000 -0.000 Capital (1.66) (1.14) 

-0.032 0.005 Domestic corporation (reference is independent firm) (0.44) (0.08) 

0.504 0.602 Domestic MNE (reference is independent firm) (5.81)** (6.34)** 

0.535 0.622 Foreign MNE (reference is independent firm) (3.95)** (4.40)** 

-0.137 0.224 Metropolitan dummy (0.99) (1.53) 

-0.072 -0.068 Export per employee region (log) (1.61) (1.67) 

0.001 0.001 Persistent exporters in region (2.95)** (4.56)** 

# observations (firms) 4 821 4 821 

McFadden’s  R2 0.12 0.15 

Cragg-Uhler (Nagelkerke) R2 0.58 0.64 
NOTE: The number of new destination varieties of each firm identified over the period 1998-2004 and 1998-

2000, respectively, is explained by initial conditions. Estimations are based on observations of Swedish 
firms in the manufacturing sector (NACE 15-36) with at least 10 employees (see data description in 
Section 3). Industry dummies for 2-digit NACE sectors are included. * denotes significance at the 0.01 
level and ** denotes significance at the 0.05 level. t-values based on robust standard errors are 
presented within brackets.   
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Moreover, according to our expectations, we find that ownership structure and location affect the rate 

of introduction of new destination-varieties. Firms affiliated to multinational corporations have higher 

arrival rate, which is consistent with arguments that they may benefit from knowledge flows inside a 

company group and its established international networks. Regarding milieu characteristics, the 

number of persistent exporters in a functional region in which a firm is located is positively associated 

with  the rate of introduction of new destination-varieties. This result is in accordance with 

geographical proximity to exporters stimulating knowledge transmission about the practice of 

exporting and the flow of information concerning different destination countries.  

 
5. CONCLUDING REMARKS 
 
We show that a firm-specific and state-dependent Poisson arrival process of innovation ideas, which 

specifies a variety and a destination market, combined with a general Poisson exit process is sufficient 

to generate a distribution of heterogeneous firms in terms of size and number of varieties in 

concordance with what can empirically be observed. The model illustrates that the basic monopolistic 

competition framework of Dixit and Stiglitz (1977) can readily be extended to accommodate such 

entry and exit processes, while allowing for multi-product and multi-market firms.  

 

Under given conditions, the model predicts a stationary distribution of firms with different numbers of 

varieties and markets. Firms that only supply one variety to one market will co-exist with large multi-

variety and multi-market firms. Furthermore, the model clarifies that an invariant skewed distribution 

of firms is sustained by a simultaneous process of entry and exit of varieties of incumbents as well as 

the entry of new firms and exit of established ones. The entry and exit process of varieties combine to 

a growth process of each firm.  

 

Detailed firm-level export data, where the entry and exit of export varieties to different markets of 

each firm is observed over a sequence of years, show that: (i) there is a persistent skewed distribution 

of firms serving different numbers of markets and export different number of varieties, and (ii) the 

persistency of the distribution is associated with significant micro-dynamics where firms continuously 

add and subtract varieties from their product mix, and new firms may enter while some exit. These 

observations are consistent with the model and reflects a skewed distribution of firm size.  

 

An econometric analysis tests the assumption of a firm-specific and state-dependent Poisson process 

for the arrival rate of innovation ideas, by explaining the frequency by which firms introduce new 

export varieties within a Poisson regression framework. This shows that the rate at which firms 

introduce new export varieties is firm-specific and is positively associated with a firm’s variety stock 
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as well as a set of other firm attributes and milieu characteristics. Hence, the assumptions made about 

the innovation process get support from the analysis of firms’ introduction of novel varieties.   
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APPENDIX 1: Transforming Poisson processes into a Markov Process 
 

0 1( ) [ ( ), ( ),...]f t f t f t=Consider that at a given point in time, t,  there  is a vector  of probabilities or 

shares such that , where ( ) 1kk
f t =∑ ( )nf t  denotes the share of firms with n distinct (i, j)-

combinations. Following Clegg (2008) we shall study the  Poisson arrival of innovation ideas and exit 

of (i, j)-combinations with the help of a continuous-time Markov chain, where klσ denotes the flow 

rate between state k and l. With small discrete time steps, tδ , the transition pattern can be depicted by  
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t t
t t
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t t t

σ δ σ δ
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δ
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⎢ ⎥=
⎢ ⎥
⎢ ⎥
⎣ ⎦

   (A1.1) 

 
( , )klq t t τ+0tδ →It is not meaningful to take the limit for . Instead we introduce  to denote the 

probability of a transition from state k to state l. Since there is no temporal memory (homogenous 

time), we may construct the following transition rates: 

 

0
lim ( ) /kl klq q
τ

τ τ
→

=      (A1.2) 

 
 
The transitions depicted are like a Poisson process, and then it is possible to write 
 

 
( ) ( ) ( ) ( ) ( )k k k kl l lkl k l k

f t t f t f t t f t t tδ σ δ σ δ δ
≠ ≠

+ = − + +Ο∑ ∑   (A1.3) 
 
 
 
Differentiating with respect to time yields the following result  
 

 
( ) / ( ) ( )k k kll k l k l lkf t t f t f tσ σ

≠ ≠
∂ ∂ = − +∑ ∑    (A1.4) 

 
 
Now, formula (A1.3) can be replicated in terms of  , which yields ( )klq t
 
 
 ( ) ( ) ( ) ( ) ( ) ( )k k k kl l lkl k l k

f t t f t f t q t f t q tδ δ
≠ ≠

+ = − + δ∑ ∑   (A1.5) 
 

( ) / ( )k kl k
From this we can replicate (A1.4) to obtain  klf t t f t q

≠
∂ ∂ = − +∑ ( )ll k lkf t q

≠∑ . Then, to 

make the two processes consistent, we assume that q-coefficients and σ -coefficients correspond so 
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that kl klq σ= kk kll k
q

≠
= − q∑ for  and that k l≠ . These q-coefficients can be arranged in a Q-

matrix, { }klq ( ) /df t dt f(t)Q=Q = , for which we have that . 

 
Given that the Q-matrix is irreducible to satisfy ergodicity properties, the equilibrium distribution of  

firms exists and can be obtained as 0f * Q =lim ( )
t

f* = f t
→∞

, satisfying . The introduced transition 

rate  reflects the rate at which a firm with k destination varieties experiences the change 

 , where  is the firm’s current number of destination varieties, is the number of  

destination-variety ideas that arrive to the firm, and where  is the number of destination-varieties 

that exit from the current stock of such varieties. All these transition rates can be derived from 

Poisson probabilities related to each individual firm. 

klq

− = ka − ke kal k k

ke

 

APPENDIX 2: Limit values of fixed costs for scope-firms 
 
We shall consider three categories of scope firms and make precise the limit of possible effects from 

scope economies. An M1-firm has a strong scope effect, compared with a an L1-firm. The former 

reduces the fixed cost (F +G + H) to half the value for the L1-firm. M-firms have always scope effects 

by reducing the importance of F for each destination delivery. On the other hand, as one extreme an 

M-firm may have many destination links for few varieties, and as the other extreme many varieties 

sold to few destination markets.  

 

x
o

Consider now that we apply an average flow size . When all destination markets are in the 

neighborhood of an L1-equilibrium, we have that x x≈ . We denote a firm’s gross profit per average 

delivery by V p  Table A2.1 presents the break-even values for three categories of firms: 

M1, MH (with only one variety and many destinations), and MG (with many varieties and only one 

destination besides the domestic market. 

( o − )xv=

 
Table A2.1: Break-even values of gross profit per average delivery flow 

Break-even gross profit per 
average delivery Categories of firms Limit value 

M1-firm: A single variety is sold on the 
domestic and one foreign market 

 
1 2M

F HV G+ +
≥  

MHV H≈MH-firm: One variety is sold domestically and 
exported to H* foreign markets 

*
( * 1)MH

F G HHV
H

+ +
≥

+
  

/ 2MGV G≈MG-firm: G* varieties are sold on the domestic 
and one foreign market 

*
2 *MG

F GG HV
G

+ +
≥   
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The limit values in the table are obtained by simply assigning large values to H* and G*. In this way 

F/(H* +1) and G/(H* +1) approach zero for MH-firms, while F/2G* and H/2G* approach zero for 

MG-firms. Given that innovation ideas arrive according to a stochastic process, the two extreme 

outcomes, represented by MH and MG firms, are unlikely events.  

 

MV 1MV
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Now, in case that F  H  G, then we can conclude that ≈ ≈ ≈ , which implies that an M1-

equilibrium will be robust. This equilibrium is defined by the supply quantity oox such 

that . ( ) ) /o oop v x H− = + +(F G 2
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