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Abstract 
This thesis consists of three papers, summarised as follows. 

“Regional Policy in a Multiregional Setting: When the Poorest are Hurt by 
Subsidies” 

Regional policies that seek to reduce economic inequalities between regions are 
common. These policies normally involve subsidies or transfers to the poorest 
regions. Over any given short-term horizon such subsidies serve to reduce inter-
regional inequalities, but as they also affect migration patterns the long-term effects 
are less clear. This paper demonstrates using a three-region general equilibrium 
model that subsidising the poorest region may be to the detriment of the periphery 
as a whole and even to the very region that receives the subsidy, if the subsidy 
draws firms away from a nearby region that would function better as a production 
centre. If the subsidy does not attract a sufficient number of firms to the subsidised 
region, then the long-term effect on the residents of that region would be negative. 
Though further research is needed to isolate the conditions under which such an 
effect would arise, this result has potentially important implications for the design 
of regional policy. 

“Learning to Export and the Timing of Entry to Export Markets” 
Firms that engage in exporting normally delay entry to the first export market 

some time after beginning to sell locally, then enter subsequent markets 
progressively.  Standard trade models are essentially static and do not explain these 
elementary facts about exporting, which can bias the estimation of trade patterns 
and limit understanding of exporting behaviour.  This paper proposes a model for 
the timing of entry to new export markets.  The model generates the timing of entry 
endogenously through a learning mechanism: the fixed cost of entry to each export 
market is reduced by the experience of prior entry to other markets.  More 
productive firms are less sensitive to the learning effect and are therefore predicted 
to (1) enter markets more quickly and (2) enter larger markets earlier and smaller 
markets later than less productive firms.  These predictions are confirmed using 
Swedish firm-level data.  The model therefore explains part of the variation in both 
the timing and the order of entry.  The prediction that more productive firms enter 
larger markets earlier is difficult to explain using alternative mechanisms and thus 
serves to endorse the learning effect as an explanation for the timing of entry. 
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“Airports and the Production of Goods and Services” 
This paper estimates the effects of airport infrastructure on local employment in 

the manufacturing and service sectors, using data from the United States.  The 
effects are relevant to the evaluation of airport construction or improvement 
projects as these often aim to attract firms or improve conditions for existing local 
firms by making travel to and from the local area more convenient.  To address the 
endogeneity problem that results from demand-driven airport expansion, the 1944 
National Airport Plan of the Civil Aeronautics Administration is used to instrument 
for the current distribution of airports.  The Plan had a strong effect on where 
airports were constructed in the decades following its adoption, but apparently 
allocated airports for reasons otherwise exogenous to current industry shares.  
Airport size is found to have a positive effect on local employment in tradable 
services, with an elasticity of approximately 0.1, and a negative effect on 
manufacturing.  There is no measurable effect on non-tradable services. 
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Chapter 1 

Introduction 
This thesis consists of three independent papers that treat topics within the fields of 
economic geography and international trade.  The ordering of the papers is a 
progression from theoretical work to empirics. 

The first paper is a study of the effects of subsidies aimed at reducing inter-
regional inequalities, in a theoretical setting that allows for agglomeration forces 
and migration.  The second paper proposes and tests a model for the temporal 
dimension of firm-level export entry decisions.  The third paper is an empirical 
study of the effects of airports on local employment in specific sectors. 

The remainder of this section consists of short descriptions of the three papers 
in the thesis with a focus on how they contribute to the present literature. 

Chapter 2: Regional Policy in a Multiregional Setting: When the Poorest are 
Hurt by Subsidies 

Most national governments apply some kind of policy that aims to improve 
standards of living for the residents of less-developed regions.  Often such policies 
take the form of ‘regional subsidies’: funds applied directly to firms, workers, or 
public infrastructure in poorer regions.  The direct effect of these subsidies is 
indeed to increase the standard of living in the subsidised regions, thereby reducing 
inter-regional inequality.  However, by changing the standards of living in the short 
term the subsidies also alter the incentives that entrepreneurs and workers have to 
migrate between regions, which affects the long-term spatial distribution of 
economic activity.  In turn, the spatial distribution of economic activity affects the 
relative long-term standards of living due to local increasing returns, competition, 
and congestion.  To assess whether regional subsidies are effective in reducing 
inter-regional inequalities in the long term, it is important to understand the effects 
of changes to the long-term spatial distribution of workers and production. 
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To fully understand the effects of regional subsidies on migration it is necessary 
to analyse a model with multiple potential source and destination regions for 
migrants, as otherwise the subsidised region simply gains workers and firms at the 
direct expense of the other region.  However, the analysis of the effects of subsidies 
in the economics literature has heretofore relied almost exclusively on the analysis 
of two-region models.  This paper analyses the effects of subsidies in a model with 
three regions, which allows for far richer but still tractable migration patterns.  The 
underlying model is an adaptation of the Krugman (1991) core-periphery model, 
which generates migration endogenously in general equilibrium and includes 
agglomeration and dispersion forces.  In order to analyse the effects of subsidies, 
the model is modified to include a government that applies regional subsidies 
wherever it chooses.  The subsidies are funded by taxation such that general 
equilibrium is maintained.  The starting point for the analysis is an out-of-steady-
state situation in which the larger the region, the higher the income per capita and 
the net migration: a stylised version of real present-day systems of regions. 

The main result in the paper is that a subsidy to the poorest region can have the 
effect of reducing its residents’ standard of living in the long term.  This occurs 
because the subsidy draws activity away from a nearby medium-sized region while 
failing to establish a cluster of activity in the poor region, thus worsening overall 
access for its residents.  The corollary is that a subsidy to the medium region would 
in such a case be the most advantageous policy for the poorest region in the long 
term and the most effective policy to reduce overall inter-regional inequality.  The 
result emerges only for specific parameter values, but these coincide with the 
values that produce realistic migration patterns, with the largest region being the 
wealthiest, gaining in population, and so on.  The result does not emerge in a two-
region model but emerges in systems of three or more regions. 

Chapter 3: Learning to Export and the Timing of Entry to Export Markets 

It is immediately apparent from firm-level trade data that firms that engage in 
exporting normally have some delay between when they begin to sell in their home 
markets and when they begin to export.  Furthermore, most firms that export to 
multiple markets enter those markets somewhat progressively, rather than entering 
all at the same time.  However, in standard trade models the timing of exporting 
activities is not treated: no incentive for firms to delay entry is included and firms 
are effectively formed with immediately-mature patterns of exporting, importing, 
and foreign investment.  This has two important consequences for our 
understanding of international trade.  Firstly, the delays have implications for the 
analysis of trade patterns.  What appears to be a non-exporter may simply be a firm 
that has all of the necessary characteristics for exporting but has not yet begun to 
export.  Similarly, a firm that exports only to a small number of markets may 
eventually go on to enter more markets.  Ignoring the delays thus leads to a bias in 
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the estimation of firm-level exporting patterns.  Secondly, the delays should reflect 
aspects of firms’ decision-making about how to enter export markets, the 
explanation of which could presumably improve our understanding of how firms 
become exporters. 

The main aims of this paper are: (1) to provide an explanation for why firms 
delay before entering export markets, and (2) to explain some of the wide variation 
between firms in the lengths of the delays.  To achieve this, the paper proposes a 
model in which the delays are motivated by the accumulation of experience in the 
process of entry.  The more markets a firm in the model has entered, the more 
experience it has gained in the entry process and the more easily it can enter any 
given market thereafter.  Formally, the fixed cost of entry decreases as the firm 
gains experience.  Firms in the model are heterogeneous in terms of productivity as 
in Melitz (2003).  The model generates the timing of entry endogenously and 
generates a number of predictions about export expansion patterns that are shown 
to be consistent with Swedish firm-level data.  The main predictions are that more 
productive firms enter markets more quickly and tend to enter larger markets 
earlier and smaller markets later than less productive firms.  In addition, all firms 
are predicted to enter nearer markets before otherwise identical markets that are 
more distant. 

The learning mechanism in the model is sufficient to generate delayed entry to 
export markets.  The first prediction, that the delays are shorter for more productive 
firms, explains part of the between-firm variation in the lengths of the delays.  The 
empirical observation that more productive firms have shorter delays could, 
however, be explained using other mechanisms, in particular that of uncertain 
exporting profitability with Bayesian updating proposed by Nguyen (2011).  The 
evidence for the second prediction, that more productive firms also enter larger 
markets earlier and smaller markets later, speaks in favour of the type of 
mechanism proposed in this paper.  This pattern would be difficult to explain using 
alternative mechanisms and thus suggests that firm-level learning about the entry 
process is occurring, even if other mechanisms are also present.  It is worth noting 
that the model endogenously generates heterogeneity in the orders of entry, which 
is supported empirically.  This is a further contribution of the paper as in existing 
models that generate heterogeneous orders of entry, by Morales, Sheu, and Zahler 
(2011) and Chaney (2011), the heterogeneity results entirely from a randomly-
allocated set of initial export destinations. 

Chapter 4: Airports and the Production of Goods and Services 

Air travel is an important and widely-used mode of passenger transport.  In the 
United States of America, around 11 million flights depart annually carrying 
around 800 million passengers.  The operation of this industry is dependent on an 
extensive network of airports that are expensive to construct and often developed 
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with large amounts of public funding.  The justification for the public funding of 
airports is that if a better airport succeeds in increasing the frequency of flights or 
the range of their destinations, or simply improves the efficiency of the airport, 
making it easier to travel to and from the local area by air, then this will have a 
positive effect on other parts of the economy.  Specifically, improved air access is 
presented as a positive factor in the growth of certain sectors as well as in overall 
growth.  Estimating these effects is challenging, however, because of the potential 
for growth or even the lack of growth to affect airport size.  Airlines are likely to 
add services in response to increased demand from industries that use air travel, 
and local governments may respond to low growth by embarking on infrastructure 
projects with the aim of spurring recovery.  As a result of the difficulty that this 
presents for identification, and despite contributions to the topic by Brueckner 
(2003) and Green (2007), the effects of airport improvements on the broader 
economy remain largely unclear. 

This paper estimates the effect that airport size has on employment in specific 
sectors in the metropolitan area served by the airport.  That is, if an airport is 
expanded or replaced by a larger facility, what will be the effect on the size of the 
local manufacturing and services sectors?  The estimation uses data from the 
United States of America.  Airport size is measured as the level of traffic, which 
reflects accessibility and is closely related to the physical size of the airport due to 
capacity constraints and the costs of construction. 

The paper uses an instrumental variables approach to address the endogeneity 
problem in the determination of airport sizes, a technique applied to the estimation 
of the effects of roads by Baum-Snow (2007), Michaels (2008), Duranton and 
Turner (2011; 2012), and Duranton, Morrow, and Turner (2011).  The instrument 
used for current airport size is the 1944 National Airport Plan of the Civil 
Aeronautics Administration (the “Plan”).  The Plan was a strong determinant of 
how the national airport network developed in the decades following the Second 
World War, a period in which it expanded from a limited network of mostly 
regional facilities to something resembling the current, modern network.  However, 
the criteria for the allocation of airports in the Plan were apparently unrelated to 
factors other than airports that could influence current sectoral concentrations. 

The results of the paper are that a larger airport leads to increased employment 
in the production of tradable services in the same metropolitan area, decreased 
employment in manufacturing, and no effect on employment in non-tradable 
services.  The effect on employment in tradable services is interpreted as the 
improved air connections being a positive factor in their production, so firms in this 
industry either choose to locate in or are more successful if they happen to be 
located in metropolitan areas with larger and better-connected airports.  The effect 
on manufacturing is not always significant but is negative in sign for all 
specifications.  Its interpretation is that as manufactured goods are tradable and air 
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connections are a positive factor in the production of tradable services, a 
metropolitan area with a larger airport simply produces more exportable services 
and imports manufactured goods.  The negative effect on manufacturing would 
therefore reflect a substitution of factors towards the production of tradable 
services rather than a direct effect.  A closer analysis of air connections and 
manufacturing flows between pairs of metropolitan areas supports this 
interpretation.  The absence of an effect on non-tradable services is intuitive, as 
these services are not economical to transport between metropolitan areas or to 
travel similar distances to consume.  It therefore makes sense that the spatial 
distribution of their production follow the pattern of population distribution but be 
unrelated to personal transport. 
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Chapter 2 

Regional Policy in a Multiregional 
Setting: When the Poorest are Hurt by 
Subsidies* 
1 Introduction 

The inequalities in per capita production and income levels between regions can be 
large, usually with more wealth generated in those regions that have larger 
concentrations of firms and population.  In Europe, for example, the regions 
comprising London, Brussels, Hamburg, Prague, and Bucharest each generate 
more than twice the GDP per capita of the lowest income regions in the same 
countries (Commission, 2007).  Due to production externalities and the benefits of 
locating near more and wealthier customers, these regions are also attractive 
locations for firms.  These inter-regional inequalities therefore provide an incentive 
for firms and individuals to migrate, which is reflected in empirical evidence 
showing that economic activity in most parts of the world is currently becoming 
more agglomerated (United Nations, 2007). 

Over time, migration driven by a pursuit of higher standards of living serves to 
reduce the gap in standards of living between regions, with two caveats.  Firstly, 
the cost of migration implies a direct disadvantage for residents of poorer regions 
                                                      
* This paper appears in the Review of World Economics, 148(2): 403–423, 2012.  The author thanks 
Karolina Ekholm, Rikard Forslid, and Yves Zenou for constant advice and encouragement, and Mark 
Bernard, Steven Brakman, Paulo Cox, Shon Ferguson, Jørn Rattsø, and seminar participants at 
Monash University, the Norwegian University of Science and Technology, Stockholm University, 
and the 2009 ENTER Jamboree at University College London for helpful comments and suggestions. 
Any remaining errors are my own. The author is grateful for financial support from the Jan Wallander 
and Tom Hedelius Foundation. 
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who must move to attain the higher standard of living; indeed it would not be 
worth moving if the gain in standard of living does not exceed the cost of 
migration.  And secondly, the inertia in location choice permits inter-regional 
inequalities to exist until a new steady-state allocation obtains. 

In order to reduce inter-regional inequalities, many governments institute 
regional policies that promote production or directly aid individuals in poorer 
regions through a system of subsidies or transfers.  A conspicuous example is the 
regional policy conducted by the European Union (EU) through its Structural and 
Cohesion Funds, which currently represent 36% of the EU’s total budget, while the 
governments of EU member states also pursue their own regional policies in 
parallel.1  Elsewhere, subsidy and transfer schemes are employed in most 
developed and even many developing countries, with various schemes instituted in 
the United States, Canada, Australia, Switzerland, Turkey, Russia, and China, to 
name but a few examples.  A substantial component of these policies is regional 
subsidies: a combination of subsidies to firms, individuals, and infrastructure in 
poorer regions.  The principle underlying such policies is that a marginal 
improvement in wages, employment, or local services in the poorer regions will 
lead to a reduction in inter-regional inequalities.  In a system of two regions, this 
holds true.  However, the effects of such a policy in a system of many regions, 
particularly when considering migration, are less clear. 

It was pointed out by Assar Lindbeck in the 1960s that, in light of local 
production externalities, inducing firms to locate in an area with poor natural 
conditions rather than in a nearby area that would support a cluster of production 
could threaten the survival of the cluster (Lindbeck, 1964).  Though intuitive and 
relevant to the application of regional policy, to the best of my knowledge the idea 
is yet to be given a solid analytical foundation. 

The current paper formalises this idea by demonstrating in a rigorous manner, 
using a three-region general equilibrium model, that a subsidy to the poorest region 
may actually hurt it in the long run by drawing firms away from a nearby region 
that would more naturally function as a centre of production.  Due to externalities 
in production that lead firms to cluster together, the overall effect may be a 
temporary increase in production in the poorest region but a larger and more 
permanent decrease in production in the neighbouring region.  This would occur if 
the subsidy does not succeed in establishing the recipient region as a cluster, but 
reduces production in the neighbouring region below the threshold size for it to 

                                                      
1 In the current period, spanning the years from 2007 to 2013, the EU has allocated €308 billion to 
these policies, up from €213 billion for the period from 2000 to 2006, which amounts to around 0.4% 
of EU countries’ GDP (Commission, 2008).  These amounts are topped up by national spending, 
which prior to the EU’s 2004 expansion was more than 1% of EU countries’ GDP (Commission, 
2006). 
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persist as a cluster.  Agglomeration to the distant ‘core’ of the system represented 
by a more densely populated and productive region would therefore be made more 
acute.  In the long run, individuals residing in the periphery would have worse 
employment opportunities and face higher consumer prices due to the costs of 
importing goods from further away.  This implies a lower real wage and therefore a 
lower standard of living for residents of the periphery, including those in the region 
that receives the subsidy. 

The results presented in this paper imply that the most effective method for 
improving economic opportunity in the poorest regions may not always be to 
subsidise those regions directly, indeed this could be worse than doing nothing.  
Instead, in some cases it would be better to subsidise locations that have greater 
potential to support production.  Further research is required to determine the 
conditions under which such a scenario would arise in reality and how such 
conditions could be identified, but the potential for poor-region subsidies to 
increase inter-regional inequality should be of concern to policymakers. 

Much of the existing economic theory on regional policy supports the 
apparently obvious notion that subsidising poorer regions is to their benefit and 
therefore promotes equality, though perhaps at the expense of growth in the 
economy as a whole (Martin, 1999b; Ulltveit-Moe, 2007).  This inference depends, 
however, on how the funds are spent.  A known potential flaw in regional policy 
design relates to improvements in transport infrastructure.  Though improving 
transport links within a region directly aids economic activity in that region, 
improving the link between a more- and a less-developed region can enhance 
agglomeration to the more-developed region and thereby increase inequality, as 
firms relocate to the more-developed region to take advantage of the more 
profitable local market and simply export their products back to the less-developed 
region (Martin and Rogers, 1995; Martin, 1999a).2  This reasoning has been used to 
explain the relocation of firms from the south of Italy that followed improvements 
in roads between the north and the south of the country after the Second World 
War (Faini, 1983), as well as the increased agglomeration to already wealthy 
regions in Spain and Portugal following improvements to the highway networks in 
the 1980s and 1990s (Holl, 2004; Teixeira, 2006).  With the addition of a third 
region the situation becomes more complicated: a poor region located between two 
wealthier regions may benefit from improved transport links to the other regions, 
as explained by Baldwin et al. (2003).  It has also been noted that if capital is 
‘footloose’, so that it may be allocated anywhere and the profits repatriated, then 
providing subsidies to firms in poorer regions may in fact constitute an implicit 
transfer from poor to rich regions that enhances inter-regional inequality (Dupont 

                                                      
2 The question of whether improved transport links would increase overall productivity is a separate 
one.  A discussion of this question is given in Combes (2011). 
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and Martin, 2006).  Furthermore, Baldwin and Okubo (2006) noted that when firms 
are heterogeneous in terms of productivity, regional subsidies attract only low 
productive firms to the subsidised region, these firms having the least to lose by 
relocating from the ‘core’ of the economy, which limits the effectiveness of the 
subsidies. 

The current paper contributes to this literature by demonstrating a further 
potential pitfall in the design of regional policy, which in turn demonstrates the 
importance of production externalities and migration dynamics to the allocation of 
subsidies.  It is shown that if migration is allowed for in a system with multiple 
regions, a subsidy to a poor region may actually be harmful to its inhabitants in the 
long run, supporting Lindbeck’s hypothesis.  The negative effect of the subsidy 
occurs without the subsidy being required to ‘backfire’ as in the footloose capital 
model and the mechanism does not depend on any changes in transport costs.  
Rather, the subsidy hurts the residents of the poor, recipient region by inducing 
convergence towards a less favourable long-term allocation of economic activity.  
In this scenario, by promoting activity in the poor region, the subsidy draws firms 
away from a nearby cluster that would otherwise have been self-sustaining due to 
production externalities but drops below the threshold mass of production required 
to survive as a cluster, while also failing to establish the subsidised region as a 
cluster.  As residents of the poor region benefit from being near a cluster, in the 
long run the overall effect of the subsidy may be negative. 

The result is explained intuitively and demonstrated with reference to 
simulations for a given set of parameter values.  The use of simulations raises the 
obvious question of generality.  However, this is less problematic in the current 
context for three reasons.  Firstly, the intention is simply to demonstrate that an 
effect of this type is possible under reasonable conditions.  Secondly, the result 
emerges for all parameter specifications that produce migration dynamics that are 
qualitatively similar to those presented here, with long-term agglomeration in 
either the largest one or two regions, depending on the initial distribution of 
manufacturing.  Indeed, such dynamics were selected because they are a good 
stylised approximation of empirical migration patterns.  And thirdly, the same 
result would be obtained from any other model that shares certain basic 
characteristics with the one presented here.  Namely, the result would hold for any 
three-region model in which agglomeration forces exist, welfare is increasing in the 
proximity to production, the subsidy increases net migration to the recipient region, 
and the migration dynamics of the system and the initial distribution of mobile 
factors resemble those presented below. 

The result does not emerge from a two-region version of the model, as the 
region receiving the subsidy would simply benefit from an inflow of tax revenue 
and eventually firms from the unsubsidised region, but obtains for a reasonable 
range of parameter values for three regions.  With a larger number of regions, the 
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range of parameter values for which this situation arises for at least one region 
expands.3  The possibility of such an effect should be considered in the design of 
regional policy, with care taken not to attract economic activity away from key, 
potentially healthy regions in the periphery by applying subsidies elsewhere. 

As the purpose of this paper is to establish that a subsidy to a poor region may 
increase inequality by the mechanism explained above, a comprehensive analysis 
of the welfare effects of regional subsidies (a separate exercise that would require a 
vastly more detailed model and extensive calibration) is not attempted.  As such, 
the absolute welfare effects of the subsidy are not interpreted, these being 
dependent on a number of subjective factors in the model design.  Therefore, this 
paper does not offer an assessment of the overall effects of subsidies on production 
or of the optimal level of regional concentration, issues discussed in detail by 
Combes (2011).4 

The analysis in this paper uses the core-periphery model of Krugman (1991), 
which has the dual features relevant to this analysis of allowing for the migration of 
labour and the agglomeration of production.  Given these features, the Krugman 
model is relatively simple, being comprised of two sectors, manufacturing and 
agriculture, each of which uses a specific type of labour as the sole production 
factor for that sector.  The model generates agglomeration in a transparent and 
intuitive way, through externalities in production and mobility of labour, driven by 
real wage differentials, in the manufacturing sector.  Immobile workers in the 
agricultural or traditional sector constitute a permanent population in each region, 
which ensures that agglomeration does not occur for all parameter values.  This 
model is appropriate to a world in which both workers and firms migrate between 
regions.  Moreover, the model is simulated with initial population patterns that are 
not in steady state, which reflects current migration trends in most countries as 
people in general migrate to wealthier and more densely populated regions, often 
large urban agglomerations.5  The model does not allow for overall population 

                                                      
3 This intuitive point is supported by further simulations not included in the paper. 
4 As an example, Matsuyama and Takahashi (1998) noted that a coordination problem could lead to 
an excessive level of regional concentration. 
5 In Europe and Japan, the rates of out-migration from many sparsely populated, rural areas and in-
migration to several of the largest agglomerations exceed half a percent of the populations of these 
areas per year (Commission, 2007; Statistics Bureau, 2009).  The rates of internal migration in the 
United States are even stronger, with many regions experiencing net in- or out-migration at greater 
than two percent per year (US Census Bureau, 2006). 
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growth, a simplification that makes the model clearer without affecting the main 
results.6 

To analyse the effects of regional subsidies, a government is introduced into the 
model that has the objective of improving regional equality in the long term.  The 
government pursues this goal by exogenously providing subsidies to manufacturing 
firms in any region of its choice, which it funds by levying labour taxes on all 
workers in the economy. 

The remainder of this paper is arranged as follows: the model is presented in 
Section 2; the dynamics of a system of three regions are presented in Section 3; the 
effects of subsidies on such a system are demonstrated in Section 4; and 
concluding remarks are given in Section 5. 

2 Model 

The model developed in this paper is based on the core-periphery model of 
Krugman (1991), which provides a powerful and instructive framework for 
understanding the location of economic activity.  The model is composed of a 
monopolistically competitive manufacturing sector operated by mobile workers 
and a classical, perfectly competitive agricultural or ‘traditional’ sector operated by 
immobile workers.  Labour is the sole production factor in each sector, though each 
uses a distinct type of worker who cannot be retrained to work in the other sector.  
All workers in the economy are assumed to have identical preferences 

characterised by the utility function μμ −= 1
AM CCU , where 1

0

1 −

⎥⎦
⎤

⎢⎣
⎡= ∫

− σ
σ

σ
σN

iM dicC  is a 

composite index of consumption levels of the continuum of the N varieties of 
manufactured goods and CA is the consumption level of agricultural goods.  The 
parameter μ determines the proportion of income spent on manufactured goods and 

1>σ  represents the demand elasticity of all manufactured goods. 
Firms in the manufacturing sector are assumed to use an identical, increasing 

returns to scale technology represented by the production function jj xfl β+= , 
where jl  denotes the labour employed and jx  denotes the firm’s output.  As all 
firms in a given region have the same technology and market access, the 
equilibrium prices and production levels are identical for all firms within any 
particular region.  Therefore, it simplifies notation to consider the continuum of rn  

                                                      
6 In any case rates of overall population growth are mostly small relative to rates of internal 
migration.  Indeed, the total population levels of many developed countries are nearly static, despite 
strong internal migration (United Nations, 2007). 
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manufactured goods produced in region r, each with producer price rp  and 
production level rx .  The economy is comprised of R regions, so ∑ =

=
R

r rnN
1

. 

Transport costs in the manufacturing sector are assumed to be of the iceberg 
variety, with factor 1>rsτ  indicating the amount of the good that must be shipped 
from region r for one unit to arrive in region s.7  The consumer price in region s  
for a good produced in region r is therefore rrs pτ .  Taking these prices as given 
and solving the utility maximization problems of individuals in each region yields 
the demand for a manufactured good produced in region r, including the portion 
that melts away in transit: 

 ∑
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−−
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 (1) 

The variable sY  represents the total expenditure of individuals in region s, 
which is equal to their total net income as there is no saving or borrowing 
mechanism.  The price index for an individual living in region r is then: 
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R
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ssrsr pnP  (2) 

Extending the price index to include the agricultural good yields the cost-of-
living index μμ

rA Pp −1 , which conveniently deflates income to yield an expression 
for indirect utility.  The agricultural good is assumed to be produced using a 
constant returns to scale technology and to be subject to perfect competition, so 
agricultural workers simply receive their marginal products, and to be costless to 
transport, so its price is uniform throughout the economy.  Without loss of 
generality, it is assumed that this price is equal to one and that production requires 
one unit of labour per unit of output, so 1== AA wp .  This simplifies the cost-of-
living index in region r to μ

rP  and, given nominal wage w, the real wage to 
μϖ rPw= . 

The numbers of manufacturing and agricultural workers in region r are denoted 
M
rL  and A

rL .  Workers cannot transfer between industries and neither population is 
subject to growth.  Manufacturing workers are able to migrate to capture increases 
in welfare, so the number of manufacturing workers in each region is variable in 

                                                      
7 It is assumed that transport costs are symmetrical, so that rssr ττ ≡  for all combinations of r and s, 

and that transport of goods within a region is not costly, so that 1≡rrτ  for all r. 
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the long term, though the total number in the economy, ∑ =
=

R

r
M
r

M LL
1

, is fixed.  

Agricultural workers are immobile and hence the number in each region is fixed.  
As there are no immobile factors in the manufacturing sector, the number of 
agricultural workers is considered to be the permanent or ‘structural’ size of the 
region. 

2.1 Government 

The Krugman (1991) model is modified to include a government that seeks to 
reduce inequalities between regions by use of a single policy instrument: subsidies 
to firms in selected regions, financed by income taxes levied throughout the 
economy.  The government chooses subsidy levels for each region, which reduce 
the fixed costs of all manufacturing firms in a given region by a specified 
proportion.8  The income tax is levied on all workers in both sectors of the 
economy, at a flat rate that is endogenously determined to fund the subsidies 
exactly. 

The aim of the subsidy implemented by the government is to reduce inter-
regional inequalities in the long term.  Inequalities are defined in terms of 
individuals’ utility levels, which in the model are a simple function of the wages 
and overall price levels in a given region.  Utility is a more meaningful measure 
than nominal wages or prices, which each only capture part of the story.  The 
current model is not equipped to analyse policies aimed at reducing unemployment 
in poorer regions, though the main result of the paper may have an analogue in a 
model based on employment, as explained in the conclusion.  Due to worker and 
firm homogeneity, all workers in a given industry and region have the same utility, 
so it is not necessary to apply a social welfare function to determine overall 
regional welfare.  The government is concerned about long-term welfare and does 
not discount future periods, so its aim is analogous to the minimisation of welfare 
inequality in the long-term equilibrium.9 

                                                      
8 The subsidies are assumed to contribute to the fixed rather than the per-unit costs to reflect the 
application of regional subsidies in practice, with subsidies often directed towards the establishment 
of firms or infrastructure improvements, objectives that are more closely related to the fixed costs in 
the current model.  This assumption is not crucial, however, as the main results of the model would be 
qualitatively the same were the subsidies instead applied to the per-unit costs, or indeed to both the 
fixed and the per-unit costs. 
9 A positive level of discounting could affect the results: inequality would be trivially reduced in the 
short term by subsidising the poorest regions and there is naturally a threshold level of discounting 
above which such a policy would be preferred. 
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The complete elimination of inter-regional inequalities would imply either a 
vast spatial redistribution of production or extremely large subsidies, neither of 
which is likely to be politically feasible.  The government is therefore assumed to 
have an implied budget constraint that prevents it from achieving such an outcome.  
In effect, the government is faced with a choice between a number of long-term 
equilibria, and the ‘optimal’ policy is any subsidy scheme that achieves the most 
equitable of these, defined simply as the equilibrium with the smallest gap between 
standards of living for agricultural workers in the best- and worst-off regions.10 

While agricultural workers in this model are assumed to be immobile, 
manufacturing workers are able to migrate between regions and do so if this 
improves their welfare.  In the long run, this means that the welfare levels of all 
manufacturing workers in the economy converge.  On the other hand, the 
immobility of the agricultural workers allows persistent inequalities to exist 
between them.  In effect, location is only a determinant of welfare to the extent that 
workers are immobile, so it is naturally the agricultural workers who represent the 
targets of regional policies aimed at reducing inter-regional inequalities. 

2.2 Production 

Firms in the manufacturing sector use a common technology that involves a fixed 
cost f  for each firm and a constant per-unit cost β , so production exhibits 
increasing returns to scale.  The government may subsidise firms in region r by 
contributing an exogenous proportion rs  of the firms’ fixed costs, so that the 
production function experienced by the firm is in effect: 

( ) rrr xfsl β+−= 1  

Given the prevailing manufacturing wage of rw , the firm maximises profits 
given by: 

( ) rrrrrrr xwfswxp βπ −−−= 1  

Without loss of generality, the units of rx  are normalised so that σ
σβ 1−= .  

Therefore, the firm maximises profits by setting its price rp  to satisfy: 

rr wp =  

                                                      
10 Where the most equitable equilibrium involves manufacturing in more than one region, a subsidy to 
the poorer of these may reduce inequality on the margin.  This detail is a simple inference from the 
two-region case and is not treated here. 
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Firms are assumed to enter and exit the economy freely, so that profits are 
driven to zero, which yields the following condition: 

 ( ) fsx rr −= 1σ  (3) 

The amount produced by each manufacturing firm is decreasing in the level of 
subsidy that it receives.  This is because with a subsidised fixed cost, firms break 
even at a lower level of production.  At this level of output, it follows from the 
labour requirements for the production of each good that the number of 
manufactured goods produced in region r satisfies: 

 
( )( ) fs

L
n

r

M
r

r 1−−
=

σσ
 (4) 

In the short term, with M
rL  fixed, the number of firms operating in region r is 

increasing in the level of the subsidy. 

2.3 Subsidies and taxation 

In order to fund the subsidies the government must raise revenue, which it is 
assumed to do by levying a flat, proportional tax on labour throughout the economy 
at rate t.  As individuals supply their labour inelastically, this tax is effectively 
lump-sum and therefore non-distortionary.11  Given the subsidy levels, the tax rate 
is determined endogenously so that the government’s budget is balanced.  The 
nominal net wage of a manufacturing worker in region r is ( ) r

n
r ptw −= 1  while the 

nominal net wage of all agricultural workers is ( )twn
A −= 1 .  The total net income 

of individuals in region r, by definition M
r

n
r

A
r

n
Ar LwLwY += , may therefore be 

expressed as: 

 ( )[ ]M
rr

A
rr LpLtY +−= 1  (5) 

                                                      
11 The tax does have a small effect on migration, in the sense that if it were applied but the revenue 
simply discarded then migration patterns would change slightly.  This is because the prices for 
manufactured goods would be reduced slightly relative to the constant agricultural prices, implying 
lower wages for manufacturing workers relative to agricultural workers, which weakens 
agglomeration forces overall in a manner similar to a reduction in the parameter μ.  However, the 
effect of the tax on migration dynamics is of the order of 1% of the size of the effect of the subsidy. 
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The government is assumed not to have any facility to borrow or lend, so it 
must keep a balanced budget.  The government’s budget constraint is therefore: 

 ∑∑
==

⎟
⎠
⎞

⎜
⎝
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−

=
R

r
r

R

r
rrr Y

t
tfspn

11 1
 (6) 

The left hand side of (6) represents the government’s expenditure on the subsidy 
scheme, for each region the product of the number of firms, the cost of labour 
utilising rr wp = , the proportional level of the subsidy, and the fixed cost in labour 
units.  The right hand side of (6) represents the government’s revenue, simply the 
tax rate multiplied by gross labour income for the whole economy. 

The short-term equilibrium is defined as the combination of rn , rx , rp , rP , and 

rY  for each region, along with the tax rate t , that solves the system of equations (1) 
to (6).  The short-term equilibrium takes the number of manufacturing workers in 
each region, M

rL , as given. 

2.4 Welfare and migration 

The welfare of a worker is analogous to the real net wage, defined as the nominal 
net wage deflated by the cost-of-living index.  The real net wage of a 
manufacturing worker in region r  is: 

μϖ
r

n
r

r P
w

=  

And the real net wage of an agricultural worker in region r  is: 

μψ
r

n
A

r P
w

=  

The proportion of manufacturing workers who are located in region r  is 
denoted rλ , so by definition M

r
M
r LL λ≡  for each r and 1

1
=∑ =

R

r rλ .  

Manufacturing workers are able to migrate between regions and do so if this 
improves their welfare.  As in Fujita et al. (1999), the migration of manufacturing 
workers between any given pair of regions is assumed to be proportional to the 
populations of both regions and to the discrepancy in welfare levels: 

 ( ) rrr λϖϖγλ −=&  (7) 
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The parameter γ  determines the speed of migration and ∑ =
=

R

r rr1
ϖλϖ  is the 

average real net wage of manufacturing workers in the economy.  Workers migrate 
between any given pair of regions if this improves their welfare and the rate at 
which they migrate is increasing in the difference in welfare levels.12  Therefore, in 
aggregate there is out-migration from regions with below-average welfare levels 
and in-migration to regions with above-average welfare levels.  This reflects the 
relationship between GDP per capita and migration observed in practice 
(Commission, 2007; US Census Bureau, 2006; Statistics Bureau, 2009). 

The long-term equilibrium is defined as a situation in which all of the 
conditions for short-term equilibrium defined by equations (1) to (6) are satisfied 
and no manufacturing workers have an incentive to migrate, so that the right hand 
side of (7) is equal to zero for all regions.  This implies an identical standard of 
living in the long run for all manufacturing workers in the economy, either because 
all regions provide the same standard of living, or because no workers reside in 
those regions that would have provided a lower standard of living. 

3 Multi-region dynamics 

Though economic studies of regional policy are commonly based on the analysis of 
two-region models, real world regional systems are clearly more complex.  The 
dynamics that emerge from two-region models are inherently limited, as each 
region has a single trading partner and a single competitor for mobile factors of 
production, whereas the balance within systems of three or more regions is more 
nuanced, due to the potentially elaborate arrays of causal effects.  To understand 
the dynamics of real regional systems, it is therefore important to go beyond the 
analysis of two-region models.  The analysis in this paper is based on systems of 
three regions: sufficiently many to allow the emergence of certain ‘multi-region’ 
dynamics, which also emerge for systems with any larger number of regions, 
without preventing observation of the general dynamics. 

The dynamics of a symmetrical system of three regions, with identical numbers 
of agricultural workers in each region and a common transport cost factor, τ , for 
all pairs of regions, were analysed by Fujita et al. (1999).  They noted the extension 
from the two-region case of the relationship between transport costs and the 
relative strength of agglomeration and dispersion forces: agglomeration forces tend 
to dominate when τ  is low, whereas dispersion forces tend to dominate when τ  is 

                                                      
12 Though the workers in the model are not forward-looking, Baldwin (2001) demonstrated that with 
sufficiently high quadratic migration costs in a core-periphery model, forward-looking agents’ 
behaviour is equivalent to that of short-sighted agents. 
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high.  This yields two possible outcomes: full agglomeration to any one region, or 
full and equal dispersion across the three regions. 

In reality, regions are heterogeneous in terms of structural sizes and the costs of 
transporting goods between them.  A wide range of possible configurations is 
therefore possible, though for this paper the most relevant case is a type of dual 
core-periphery structure that is broadly representative of the type of economic 
geography landscape that exists in reality.  In this type of system there is a heavily-
populated region that provides attractive conditions for manufacturing due to its 
large local market and is therefore experiencing in-migration, a sparsely-populated 
region with a small local market that is experiencing out-migration, and an 
intermediately-sized region that is experiencing weak in- or out-migration.  The 
large region forms the ‘core’ of the entire system, with the ‘periphery’ made up of 
the two smaller regions, within which the intermediately-sized region forms a kind 
of local ‘core’. 

The regions are numbered in descending order of their structural sizes, so that 
region 1 is the largest and so on.  In order to simplify things somewhat, but without 
losing much in the way of generality, it is assumed to be equally costly to transport 
goods from region 1 to either of the peripheral regions, while transporting goods 
between the two peripheral regions is relatively less costly.  This type of spatial 
arrangement is represented qualitatively by Figure 1. 

 

Figure 1.  Structural arrangement of the three-region system. 
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With a three-region system, it is possible to observe the dynamics of the 
population of manufacturing workers according to the assumed migration rule (7) 
on a ternary diagram, which exploits the fact that the proportions of manufacturing 
workers in all regions must sum to one to represent the set of all possible 
distributions of these workers between the three regions as points on a two-
dimensional plane.  Figure 2 illustrates a numerical example.13  Each point on the 
plane in Figure 2 represents a short-term equilibrium, with the magnitude of each 

rλ  given by the perpendicular distance from the edge opposite the vertex labelled 
with that variable.  The arrows represent the direction and intensity of migration 
driven by short-term inter-regional differences in the real wages of manufacturing 
workers according to (7).  The filled circles represent stable long-term equilibria; 
the unfilled circles represent unstable long-term equilibria.  The curved line that 
cuts through the middle of the triangle represents a ‘watershed border’, which 
divides the set of all potential distributions of manufacturing into subsets from 
which all initial distributions converge to a common long-term equilibrium. 

The example illustrated in Figure 2 represents a stylised version of actual 
systems of regions, where a ‘region’ is defined to be geographical area with around 
100,000 to 500,000 inhabitants.14  The system exhibits clear trends of out-
migration from the smallest region and in-migration to the largest region, in line 
with empirical migration patterns.15  The initial allocation of manufacturing is 
important as there are two stable long-term equilibria to which the system may 

                                                      
13 The model parameters are assumed to be μ = 0.4, σ = 5, f = 1, and γ = 1, as in Fujita et al. (1999).  
These parameters satisfy the ‘no-black-hole condition’, which is apparent from the figure as 
agglomeration to a single region is not the only possible long-term outcome.  The no-black-hole 
condition is slightly different from that given by Fujita et al. (1999) as the subsidy represents a 
transfer to the manufacturing sector in the recipient region that strengthens agglomeration forces.  
Nevertheless, none of the subsidies in the paper are large enough to lead to a violation of the 
condition.  The numbers of agricultural workers are assumed to be 31 =AL , 22 =AL , and 13 =AL .  

The transport costs are assumed to be 0.212 =τ , 0.213 =τ , and 5.123 =τ . 
14 This is intended to correspond roughly to a NUTS level 2 or 3 region in the EU, a smaller entity 
than most US states or Canadian provinces, and a prefecture or one level smaller in Japan. 
15 In the EU, migration data for the period from 1995 to 2004 for the 27 current members display a 
positive correlation between net-migration and both population density and GDP per capita 
(Commission, 2007).  Data for the United States for 2000 to 2004 indicate a similar trend, with in-
migration to prosperous cities, particularly in the South and West, and out-migration from old 
industrial centres in the Midwest and from poorer rural areas (US Census Bureau, 2006).  In Japan, 
data for the period from 2000 to 2005 at the prefecture level indicates a tendency for migration to 
occur in the direction of regions with higher population densities and higher GDP per capita 
(Statistics Bureau, 2009). 
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converge, depending on which side of the watershed border the initial distribution 
lies on. 

 

Figure 2.  Three-region migration dynamics.  In this case lower transport costs lead 
to multiple long-term equilibria, at different levels of agglomeration ( 0.212 =τ , 

0.213 =τ , 5.123 =τ ). 

Figure 2 represents a type of scenario that does not appear in a symmetric 
system.  Here, depending on the initial allocation, there are two possible levels of 
agglomeration of manufacturing activity: either complete agglomeration to region 
1, or partial agglomeration with manufacturing spread between regions 1 and 2.16  
In both equilibria, the welfare of the immobile workers is highest in region 1, 
somewhat lower in region 2, and lowest in region 3.  The equilibrium with 
manufacturing dispersed between regions 1 and 2 is the more equitable outcome, 
with lower welfare in the wealthiest region but higher welfare in the two poorer 

                                                      
16 The long-term distribution of manufacturing in the equilibrium where manufacturing is spread 
between regions 1 and 2 is 0.6773, 0.3227, and 0.0000 for regions 1, 2, and 3, respectively.  The long-
term distribution of manufacturing in the equilibrium where manufacturing is fully agglomerated in 
region 1 is simply 1.0000, 0.0000, and 0.0000. 
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regions, relative to the fully-agglomerated equilibrium.17  Regardless of the initial 
distribution of manufacturing activity, region 3 has too small a fixed population to 
survive as a manufacturing centre in the long run, while region 1 always supports 
some level of manufacturing.  Region 2, however, may or may not support 
manufacturing in the long run, depending on whether its initial level of 
manufacturing is above or below the threshold represented by the watershed 
border. 

The case illustrated in Figure 2 yields migration dynamics that broadly 
correspond to those currently observed in practice for regions on the scale defined 
above.  In Europe, the United States, and Japan, agglomeration is occurring such 
that the regions with the largest concentrations of population and economic activity 
tend to be rapidly growing in population while the strongest out-migration tends to 
be from sparsely populated, peripheral regions (Commission, 2007; US Census 
Bureau, 2006; Statistics Bureau, 2009).  Similar patterns of migration are repeated 
throughout both the developed and the developing worlds.  Indeed, in the most 
recent United Nations estimates, the only country predicted to have a smaller 
proportion of its population living in urban areas in 2050 than in 1950 is Saint 
Helena, a British territory in the South Atlantic Ocean with around eight thousand 
inhabitants (United Nations, 2007).  In a three-region setting, these dynamics are 
well represented by the case shown in Figure 2, in which the region that is 
structurally the largest is gaining in population, the smallest region is losing 
population, and the intermediately sized region is experiencing relatively neutral 
population change.18 

Furthermore, the parameters chosen for the scenario in Figure 2 are appropriate 
to the analysis of regional policy as it is often at this scale that regional policies are 
applied in practice.  For instance, the EU currently applies its Structural Funds at 
NUTS level 2, at which roughly two thirds of regions have between 50,000 and 
2,000,000 inhabitants (Commission, 2007). 

Though there are certainly real systems of regions with dynamics that would be 
better approximated by other parameters, the scenario displayed in Figure 2 
represents common, realistic dynamics and is used as the base case for the analysis 
that follows.  As the intention here is to point out a potential pitfall in the design of 
regional policy, rather than to provide an analysis that is universally applicable, it 
suffices that the scenario represented in Figure 2 be accepted as a possibility. 

                                                      
17 In the equilibrium with manufacturing dispersed between regions 1 and 2, real agricultural wages in 
regions 1, 2, and 3 are 0.4774, 0.4330, and 0.3874, respectively.  In the fully-agglomerated 
equilibrium, the real agricultural wages are 0.4890, 0.3706, and 0.3706. 
18 The parameters are chosen to generate realistic dynamics, rather than by calibrating each individual 
parameter to a realistic value.  As the model is highly stylised, calibrating individual parameters 
would in any case be a subjective and somewhat arbitrary exercise. 
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A number of alternative scenarios, in which different transport cost parameters 
lead to qualitatively different long-term equilibria for manufacturing, are discussed 
in the working paper version of this paper (Sheard, 2011).  Though it is interesting 
to observe the migration dynamics, these scenarios do not add insight into the 
effects of regional subsidies that cannot be gained either from the two-region case 
or from the three-region example in Figure 2. 

4 Effects of regional subsidies 

Regional subsidies normally function as a system of subsidies or transfers to those 
regions with the least economic activity or the lowest standards of living.  In the 
model presented here this corresponds to subsidising region 3 and perhaps also 
region 2, as these regions are generally poorer due to their smaller structural sizes.  
In the short run, a subsidy is unequivocally beneficial to individuals in the recipient 
region as it artificially reduces the costs of production, leading to a larger variety of 
locally produced goods, and represents a transfer of tax revenue from other regions, 
increasing incomes in the subsidised region relative to elsewhere.19  The changes in 
relative welfare levels alter migration patterns, which can lead to less obvious long-
term effects on welfare. 

In a model with only two regions, subsidising a region that has a lower standard 
of living promotes equality as it increases welfare in the poorer region in the short 
term while also weakly increasing its manufacturing share in the long term.  This 
result extends to a subset of three-region systems, in particular those that are highly 
symmetric.  The case illustrated in Figure 2, which exhibits migration dynamics 
more representative of a real system of regions on the scale defined above, presents 
another possible scenario.  Consider the hypothetical initial distribution of 
manufacturing of ( )33.0,17.0,50.0=λ , represented by the solid triangle in Figure 
3.20  This initial distribution is arbitrarily chosen as an example to illustrate the 
potential for the subsidy to alter the long-run outcome, though the result applies for 
a range of initial values, as explained below.  The convergence of manufacturing 
activity to its stable long-term equilibrium is represented by the arrowed line in 
Figure 3. 

                                                      
19 A proof of this relationship is given in the working paper version of this paper (Sheard, 2011). 
20 With this hypothetical distribution there is actually more manufacturing in region 3 than in region 
2, though region 3 is the ‘smaller’ region.  This distribution is chosen as it allows the main result to be 
observed more clearly from the diagrams that follow.  The main result also applies to initial 
distributions with less manufacturing in region 3 than in region 2. 



24 Chapter 2. Regional Policy in a Multiregional Setting 

 

Figure 3.  Migration path of manufacturing workers from a hypothetical initial 
allocation of ( )33.0,17.0,50.0=λ . 

In the hypothetical example illustrated in Figure 3, manufacturing workers 
initially migrate predominantly away from region 3 and towards region 1, with 
relatively little change in the population of region 2.  When region 3 has lost all of 
its manufacturers, region 2 is above the threshold to support manufacturing and 
gains manufacturers from region 1 until the stable long-term equilibrium with 
manufacturing dispersed between regions 1 and 2 is obtained, which is the more 
equitable of the two possible long-term equilibria.  Consider now the effect of a 
subsidy applied to manufacturing firms in region 3, illustrated in Figure 4. 
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Figure 4.  Effect of a 15% subsidy applied to region 3 ( 15.03 =s ) on migration 
dynamics and the resulting migration path of manufacturing from the initial 

allocation of ( )33.0,17.0,50.0=λ . 

The dotted line in Figure 4 represents the watershed border from the no-subsidy 
case, while the solid line represents the watershed border under the subsidy 
scheme.  As can be seen from Figure 4, the subsidy shifts the watershed border 
down and to the right, broadening the range of initial distributions of 
manufacturing for which there is long-run convergence to the less equitable 
equilibrium in which all manufacturing occurs in region 1.21  This is made clearer 
by the pattern of migration from the hypothetical initial distribution of 
manufacturing chosen above, which now converges to the fully agglomerated 
equilibrium.  Manufacturing levels and real agricultural wages in the two stable 
equilibria are unchanged by the subsidy, as neither involves manufacturing in the 
subsidised region; there is simply a wider range of initial distributions for which 
the system converges to the less equitable long-term equilibrium. 

                                                      
21 Real agricultural wages in the equilibrium where manufacturing is spread between regions 1 and 2 
are 0.4774, 0.4330, and 0.3874 for regions 1, 2, and 3, respectively.  In this equilibrium the 
proportions of manufacturing in the three regions are 0.6773, 0.3227, and 0.0000 for regions 1, 2, and 
3, respectively.  In the equilibrium with all manufacturing in region 1, these wages are 0.4890, 
0.3706, and 0.3706. 
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The intuition for the result is as follows.  The subsidy makes region 3 a more 
attractive location for manufacturing in the short term, slowing initial out-
migration to the two larger regions and even inducing some firms to migrate from 
region 2.  Both of these changes worsen conditions for the survival of the cluster in 
region 2, raising the threshold level of manufacturing in region 2 that is represented 
by the watershed border.  As the shift causes the hypothetical initial allocation from 
Figure 3 to lie to the left of the watershed border, implying a level of 
manufacturing in region 2 that is below the threshold level, the cluster in region 2 
is broken by the subsidy. 

To understand the shift in the watershed border, first consider that the long-term 
equilibria with no manufacturing in region 3 are unaltered, as no subsidy is applied 
when region 3 hosts no manufacturing firms, while the subsidy is not large enough 
to compromise the stability of the stable equilibria.  Then, consider that in the short 
term the subsidy increases the welfare of manufacturing workers in the subsidised 
region, in this case region 3, relative to each of the other regions.22  According to 
the migration rule (7), this increases the tendency for workers to migrate to the 
subsidised region from either of the other regions.  In Figure 4, as migration is 
generally occurring away from region 3 and towards region 1, this results in the 
overall direction of migration shifting towards region 3, which is reflected in the 
redirection of the migration arrows clockwise and towards the vertex representing 
region 3.  The watershed border, which by definition follows the direction of 
migration and terminates at the unstable equilibrium with manufacturing dispersed 
between regions 1 and 2, therefore shifts down and to the right, expanding the set 
of cases in which all manufacturing agglomerates to region 1.  As the change in 
short-term welfare for the manufacturing workers is monotonic and continuous in 
the level of the subsidy, the magnitude of the shift in the watershed border is also 
monotonic and continuous.  Indeed, though the numerical examples given in this 
paper are based on the model outlined in section 2, the result obtains in any other 
model that exhibits the same qualitative migration patterns as in Figure 2, and in 
which the subsidy has the same basic effects on migration dynamics as those 
explained above. 

In Figure 4, the level of subsidy to the firms in region 3 is 15% of the fixed cost 
of operation.  A different level of subsidy merely results in the same effect to a 
different degree, as the shift in the watershed border is monotonic and continuous 
in the size of the subsidy, so a larger subsidy would lead to convergence to the less 
equitable long-run equilibrium for a larger range of initial distributions and vice 
versa.  However, with a large enough subsidy to region 3, a two-region equilibrium 
would emerge with manufacturing spread between regions 1 and 3.  This would be 
a more equitable outcome than the fully agglomerated alternative but in such a 

                                                      
22 See the working paper version of this paper (Sheard, 2011) for a proof of this relationship. 
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scenario the equilibrium would be subsidy-dependent: upon removal of the 
subsidy, the system simply converges to the equilibrium with complete 
agglomeration to region 1. 

Consider now the case illustrated in Figure 2, but with the hypothetical initial 
distribution of manufacturing of ( )33.0,12.0,55.0=λ , represented by the solid 
triangle in Figure 5.  Again, this initial distribution of manufacturing workers is 
chosen arbitrarily but reflects a range of initial distributions that generate the same 
result.  The pattern of migration in manufacturing is again represented by the 
arrowed line. 

 

Figure 5.  Migration path of manufacturing workers from a hypothetical initial 
allocation of ( )33.0,12.0,55.0=λ . 

Now consider the case of a subsidy being applied to region 2, which is 
illustrated in Figure 6.  The level of the subsidy is 5% of firms’ fixed costs, roughly 
equivalent to aggregate government expenditure on the 15% subsidy to the smaller 
region in Figure 4 when the distribution of manufacturing resembles that of 
agriculture. 
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Figure 6.  Effect of a 5% subsidy applied to region 2 ( 05.02 =s ) on migration 
dynamics and the resulting migration path of manufacturing from the initial 

allocation of ( )33.0,12.0,55.0=λ . 

Figure 6 shows that applying the subsidy to the intermediately sized region has 
the opposite effect from applying the subsidy to the smallest region.  Here the 
range of initial distributions for which there is complete agglomeration to region 1 
in the long-run contracts, so that in a larger range of cases manufacturing ends up 
being spread between regions 1 and 2.  For the hypothetical initial distribution of 
manufacturing chosen here, some manufacturing occurs in region 2 in the long run 
when the subsidy is applied.  In the context of a country with many regions that is 
experiencing internal migration, this result corresponds to a larger number of 
intermediately-sized regions supporting manufacturing in the long term.  
Furthermore, the subsidy increases the amount of manufacturing in region 2 in the 
dispersed equilibrium.  Both of these factors increase the standards of living of the 
immobile workers in regions 2 and 3.23 

                                                      
23 Real agricultural wages when manufacturing is spread between regions 1 and 2 are 0.4665, 0.4484, 
and 0.3933 for regions 1, 2, and 3, respectively; somewhat lower for region 1 but higher for regions 2 
and 3 than in the base case due to the higher level of manufacturing in region 2.  In this equilibrium 
the proportions of manufacturing in the three regions are 0.5822, 0.4178, and 0.0000 for regions 1, 2, 
and 3, respectively, whereas with no subsidy the proportions of manufacturing are 0.6773, 0.3227, 
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In such a scenario, subsidising regions within the periphery that are potentially 
sustainable centres of economic activity in the long run leads to a reduction in the 
overall degree of agglomeration and less inter-regional inequality.  This result 
favours the promotion of ‘regional centres’ within the periphery that can provide 
reasonably local production and employment.  Again, the shift in the watershed 
border is larger the higher is the level of the subsidy, while in this case the level of 
manufacturing in region 2 in the dispersed stable long-term equilibrium is also 
increasing in the level of the subsidy.  Furthermore, the unstable long-term 
equilibrium with manufacturing spread between regions 1 and 2 shifts in the 
direction of region 1 as the level of the subsidy increases, which contributes to the 
shift to the left in the watershed border. 

Applying regional subsidies to both region 2 and region 3 is simply an 
extension of the two examples shown above, with the effects of the two subsidies 
working in opposite directions.  Therefore, not only is a subsidy to the intermediate 
region potentially beneficial for the two smallest regions, but the benefit would be 
greatest if no concurrent subsidy were applied to the smallest region. 

The emergence of the above phenomena is of course dependent on the selection 
of structural parameters that generate the dynamics displayed in Figure 2, so it 
natural to question how important the parameter choices are to producing these 
phenomena.  This is difficult to address comprehensively as allowing all of the 
structural parameters to vary effectively implies a five-dimensional parameter 
space.  Nevertheless, an analysis of the parameter spaces for both structural sizes 
and transport costs is conducted in the working paper version of this paper (Sheard, 
2011), in which it is demonstrated that the main result obtains for a sizeable range 
of parameter values.  Moreover, the parameters chosen above are further endorsed 
by their generation of realistic stylised dynamics, which lead intuitively to the 
result that subsidies enhance overall agglomeration in the system. 

In addition, the range of parameters for which the negative effect presented 
above arises is larger the more regions are included in the model.  As discussed 
above, three regions is the minimum number for this effect to arise.  With an 
increase in the number of heterogeneous regions, the likelihood of the subsidy 
reducing long-term welfare in at least one recipient region by breaking a nearby 
manufacturing cluster increases: the larger the system, the broader the range of 
parameter values for which the result applies to at least one region. 

                                                                                                                                       
and 0.0000.  Real agricultural wages in the equilibrium with all manufacturing in region 1 remain at 
0.4890, 0.3706, and 0.3706. 
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5 Conclusion 

This paper demonstrates a potential pitfall in the design of regional policy that 
results from patterns of migration.  As noted by Lindbeck (1964), externalities in 
production imply that a subsidy to region can have the effect of damaging the 
integrity of a nearby cluster, which may be to the detriment of residents of both of 
these regions.  This idea is formalised here in an extension of the Krugman (1991) 
core-periphery model, an intuitive general equilibrium framework that includes 
externalities in production and the possibility of migration for both firms and 
individuals.  By extending the model to include a government able to allocate 
subsidies that it funds through taxation, it is possible to evaluate the effects of 
regional subsidies.  The model demonstrates that a subsidy to a poor region may 
cause a disproportionately large out-migration from a larger, nearby region, which 
makes residents of both regions worse off in the long run. 

This result should be of concern to the designers of regional policy, as it raises 
the possibility of the effects of a subsidy being, in some cases, the opposite of what 
is intended.  The result also signals the importance of migration to the effects of 
regional policy.  Rather than allocating subsidies solely on the basis of the relative 
production and income levels of different regions, the most effective policy may 
involve strengthening relatively remote regions that have characteristics that would 
enable them to survive as clusters.  In other words, the optimal design of regional 
policy may involve the focusing of funds on certain regions, or particular clusters 
within regions, in order to establish healthy regional centres throughout the 
economy.  In this way, market access for all regions could be promoted at 
attainable and relatively equitable levels. 

The model presented here is not equipped to address policies aimed at reducing 
unemployment in poorer regions, an important component of regional policy, as all 
workers are automatically employed in production.  However, the main result of 
the paper could apply to a model of regional labour markets, in which producers 
benefit from locating together and workers are able to commute to their jobs.  In 
such a setting, firms might not locate in a small town even if subsidised, but the 
residents of the town could benefit from being able to commute to jobs in the 
regional centre, which would support more production and therefore employment if 
a subsidy were to be applied there. 

Further research is required to identify the conditions under which poor-region 
subsidies would have the type of negative long-term effect on the welfare of the 
recipient region’s residents that is presented in this paper.  However, the results 
favour subsidising poorer regions that have a greater possibility of sustaining 
production, so it is possible that the relevant factors could include a region’s 
physical geography, natural resources, location at a natural transport node such as a 
harbour, portage, or fork in a valley, or manmade factors such as transport 
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infrastructure or the presence of substantial populations of workers or firms.  The 
investigation of how the effect of poor-region subsidies on migration patterns and 
thereby on welfare levels depends on these and other potential factors is beyond the 
scope of this paper, but presents interesting topics for future research. 
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Chapter 3 

Learning to Export and the Timing of 
Entry to Export Markets* 
1 Introduction 

The timing of entry to export markets is an important aspect of trade patterns, as 
evidenced by the proportion of firms that delay entry to new markets and the 
lengths of these delays.  However, the timing of entry is not captured by standard 
trade models, which effectively assume that new firms are formed in their mature 
state with fully-developed exporting behaviour.  In reality, new firms are formed 
regularly and firms that eventually export often take several years to enter their 
first export market, then enter new markets progressively.  Therefore, what appears 
in the data to be a non-exporter may simply be a firm that has not yet begun to 
export.  To properly explain exporting patterns, it is necessary to treat the timing of 
entry.  Furthermore, as firms presumably make the decisions about the timing of 
entry based on some underlying factors relevant to the entry process, investigating 
the delays is potentially informative about how firms become exporters. 

This paper proposes a model for the timing of entry to new export markets.  The 
model is based on experience in the process of entry: the more markets a firm has 
entered, the more expertise it has about entering new markets and the lower the 
fixed costs of entry it faces to any given market.  The firm therefore has an 
incentive to delay entry to each market as this implies a lower fixed cost of entry, 
provided that other markets are entered in the meantime.  On the other hand, 
                                                      
* This paper was previously titled “Multimarket entry in exporting”.  The author thanks Anders 
Akerman, Mark Bernard, Pamela Campa, Gilles Duranton, Karolina Ekholm, Shon Ferguson, Rikard 
Forslid, Joakim Gullstrand, Beata Javorcik, Hiroyuki Kasahara, Peter Morrow, Ettore Panetti, André 
Romahn, John Romalis, Daniel Spiro, Yoichi Sugita, Ragnar Torvik, Federico Trionfetti, and seminar 
participants for helpful comments and suggestions.  Any remaining errors are my own. 
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delaying entry implies a period of foregone revenue.  The trade-off between 
reduced entry costs and foregone revenue endogenously generates the timing of 
entry: if the reduction in entry costs exceeds the foregone revenue, then it is 
optimal for the firm to delay entry, and vice versa. 

The fixed costs of entry in the model are intended to reflect the costs of 
adapting products and production processes, reaching consumers through 
advertising, and setting up a distribution network.  These tasks are generally more 
costly for larger markets, so the fixed cost of entry is increasing in market size.1  
The fixed cost of entry is decreasing in the number of markets already entered, to 
reflect the accumulation of knowledge in the required tasks and the potential for a 
single adaptation to be applied to several markets.  Furthermore, the savings are 
larger in absolute terms the larger the market subsequently entered. 

The model generates a number of predictions about export expansion patterns 
that are tested and confirmed using Swedish firm-level data.  These predictions are 
that, all else equal: (1) more productive firms enter export markets more quickly; 
(2) more productive firms enter larger markets earlier and smaller markets later 
than less productive firms; and (3) all firms enter nearer markets earlier than more 
distant markets.  The second prediction in particular is specific to the learning 
mechanism proposed here and would be difficult to explain using alternative 
mechanisms that could not be interpreted as the fixed costs of entry being reduced 
by experience.  Therefore, though the fixed cost of entry cannot be observed 
directly, the empirical tests of these predictions serve as an indirect test of the 
existence of the learning mechanism. 

The predictions follow intuitively from the model.  The fixed costs of entry do 
not depend on firm productivity, whereas exporting revenues are an increasing 
function of firm productivity.2  It follows that the revenue foregone by delaying 
entry is increasing in firm productivity, while the fixed-cost saving is identical for 
all firms.  Therefore, the revenue foregone by delaying entry to a given market for 
a given time period exceeds the fixed cost reduction for firms above a certain 
productivity threshold, so more productive firms enter new markets after shorter 
delays.  Similarly, the loss from foregoing revenue to the larger rather than the 
smaller market is greater for more productive firms, while the associated saving in 
aggregate fixed costs is identical for all firms, so more productive firms enter larger 
markets earlier and smaller markets later than less productive firms.  Intuitively, as 

                                                      
1 The fixed costs therefore differ between markets, but in contrast to the idiosyncratic fixed costs in 
Chaney (2008) are an increasing function of market size. 
2 That the fixed costs of entry are independent of firm productivity is assumed for simplicity but is a 
stricter assumption than what is necessary.  The same results would obtain were they to be decreasing 
in firm productivity or even increasing, provided that they increase at a lower rate than exporting 
revenues. 
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more productive firms earn higher revenues but face the same fixed entry costs, 
exporting revenues are relatively more important and entry costs relatively less 
important the more productive the firm.  This is reflected in the more productive 
firms maximising exporting revenue by entering markets earlier and entering the 
larger of those first, whereas less productive firms enter markets more slowly and 
begin by exporting to smaller markets. 

To focus the model on the market-level pattern of entry, it is assumed that firms 
are not able to enter only part of an export market by paying a lower fixed cost, in 
contrast to the model of Arkolakis (2010).  Allowing partial entry would permit an 
additional and realistic channel for the accumulation of experience, but one more 
informative about the degree of market penetration than about the timing or order 
of entry.  Export markets are defined to be countries (sovereign states) as this is a 
relatively distinct geographical delimitation, though the model could be applied at 
other levels.  Country borders remain important, even in relatively integrated 
regions such as the European Union (EU) or North America, judging by the 
obstacles that they represent for trade and for market integration.3  Furthermore, 
national media outlets and transport networks that prioritise internal routes favour 
the country as an appropriate level of aggregation for advertising and for the 
establishment of distribution networks, which the fixed costs of entry in the model 
are assumed to represent.  The empirical results presented below confirm the 
empirical predictions at the country level, suggesting that it is an important level of 
aggregation, whatever other levels of aggregation may also be relevant.  As 
exporting revenues and the benefits of experience are deterministic, firms in the 
model do not exit from export markets. 

The assumption that experience reduces the fixed costs of entry to new export 
markets is part of what the empirical section of this paper aims to verify.  There is, 
however, some existing empirical support for this assumption.  The survey 
responses of UK firms in Kneller and Pisu (2006, 2007) show that exporting 
experience reduces the barriers of entry to new markets perceived by management, 
while Morales, Sheu, and Zahler (2011) and Schmeiser (2012) identify exporting 
patterns that are suggestive of firms learning to export.  An alternative to the model 
proposed here could involve learning about the production process, so that 
exporting would instead improve the productivity of the firm.  However, it is at 

                                                      
3 The importance of national borders as obstacles to trade has been demonstrated in several studies, 
notably McCallum (1995), Engel and Rogers (1996), Anderson and van Wincoop (2003), and 
Balistreri and Hillberry (2007), even if this has been disputed using trade data at a very low level of 
geographical aggregation (Hillberry and Hummels, 2008).  The border effect has even been identified 
with goods that have no distance-related trade costs, suggesting the importance of cultural factors 
(Blum and Goldfarb, 2006).  The limitations of market integration across the EU were highlighted by 
Engel and Rogers (2004). 
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best unclear from the large empirical literature on the topic whether exporting 
activity affects productivity, so reductions in the fixed costs of establishing new 
export markets are a more intuitive and less ambiguous route for the benefits of 
experience to accrue.4  In any case, the empirical tests conducted below use firm 
productivity measured in the first year of operation and therefore could not be 
driven by an effect of exporting on productivity.  It should also be noted that the 
entry patterns identified by Morales, Sheu, and Zahler (2011) suggest that learning 
could apply more strongly between sets of similar markets.  For simplicity the 
model proposed here does not allow for destination-specific learning, but this 
would be a useful feature of a more advanced model. 

This paper contributes to the literature on export market entry in a number of 
ways.  Firstly, it presents a simple explanation for firms delaying entry to new 
export markets that is supported by empirical evidence.  A recently-proposed 
alternative explanation is based on ex ante uncertainty about exporting success, 
which is described below.  Other studies have identified factors that could motivate 
delayed entry, but do not address this point explicitly.  In fact, the model presented 
here can be interpreted as representing a range of mechanisms in simplified form, 
so in a sense it synthesises the timing aspects of several existing and potential 
models.  Though the mechanism in the model is described as a learning effect, 
alternative interpretations include credit, liquidity, or management constraints.5  
Such alternative explanations would fit with the model as long as the aggregate 
entry costs are lower if entry to some markets is delayed, and aggregate entry costs 
are lower if the smaller markets are entered first. 

An alternative explanation for delays in entry concerns uncertainty in exporting 
profitability, as featured in Nguyen (2011), Eaton, Eslava, Krizan, Kugler, and 
Tybout (2011), and Albornoz, Calvo Pardo, Corcos, and Ornelas (2012).  In these 
models, an inexperienced firm has limited information about its exporting 
profitability that is updated in a Bayesian fashion as it gains experience by entering 
new markets.  Delays are thus motivated by the advantage to the firm of being 

                                                      
4 Evidence of a significant effect of exporting on firm productivity has been identified in a few 
specific cases (e.g. Aw, Chung, and Roberts, 2000; Blalock and Gertler, 2004; Damijan and Kostevc, 
2006; Van Biesebroeck, 2006; De Loecker, 2007; Greenaway and Kneller, 2007; Aw, Roberts, and 
Xu, 2008) but not in others (e.g. Clerides, Lach, and Tybout, 1998; Bernard and Jensen, 1999, 2004; 
Arnold and Hussinger, 2005; Fafchamps, El Hamine, and Zeufack, 2008).  For a summary of this 
body of research see Wagner (2007). 
5 It may, for instance, be easier for an established exporter to gain access to the credit necessary to 
expand to a new market, or to cover the expansion with current liquidity.  The managers of a firm 
may have a limited amount of time to dedicate to setting up new export operations, making 
simultaneous entry more expensive than staggered entry, which would be equivalent to the fixed costs 
being lower were entry to some markets to be delayed. 
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informed when it decides whether to enter a market.  This is in contrast to the 
model presented here, in which the firm has a predictable improvement from the 
experience it gains from entering a new market.  Besides explaining entry delays, 
the uncertainty approach also provides a neat explanation of why firms often exit 
from export markets.  Holloway (2011) estimates this type of model for the film 
industry and quantifies the effect of success in a foreign market on the probability 
of entry to additional markets. 

The second main contribution of this paper is that it demonstrates an empirical 
link between firm productivity and the speed of entry to new export markets.  The 
link between productivity and participation in exporting has long been recognised 
(Bernard, Jensen, Redding, and Schott, 2007).  The finding that more productive 
firms also enter new markets more quickly fits naturally with this idea.  The result 
does, however, demand an intuitive explanation, for which the model proposed in 
this paper represents a candidate. 

Thirdly, this paper is original in that it explains part of the variation in the order 
of entry to export markets and to attribute this to an underlying factor.  Namely, the 
model predicts that more productive firms enter larger markets earlier and smaller 
markets later, which is shown to be consistent with the Swedish data.  Lawless 
(2009) modelled the order of entry with idiosyncratic destination-level demand and 
fixed cost parameters so that all firms would enter markets in the same order.  This 
prediction has some support in the inter-firm correlation of entry orders she 
identified using Irish data, but a large amount of variation in entry orders exists and 
remains to be explained.  Morales, Sheu, and Zahler (2011) and Chaney (2011) 
identified factors that explain elements of the order of entry, namely the tendency 
for firms that export to certain markets to subsequently enter markets with similar 
characteristics.  However, the between-firm variation in entry orders in these 
models results entirely from exogenous variation in the sets of markets initially 
entered, so they do not explain what differentiates firms that enter different 
sequences of markets.  In contrast, the model presented here explains variation in 
entry orders as a function of firm productivity. 

The remainder of the paper is organised as follows: the model is presented in 
Section 2; the optimal entry strategies are discussed in Section 3; the data on 
Swedish manufacturing firms are described in Section 4; the model is tested using 
the Swedish data in Section 5; and concluding remarks are presented in Section 6. 

2 Model 

The economy in the model is comprised of the firm’s home country and I foreign 
countries that the firm may export to.  There are a large number of other firms 
operating in the economy, so the firm does not consider the effects of its export 
decisions on price levels or the strategies of other firms.  To enter any given export 
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market, the firm must sink an initial fixed cost, which is an increasing function of 
market size and, to reflect experience, a decreasing function of the number of 
destinations that the firm already exports to.  After entering the market, the firm 
receives a constant revenue stream from sales of its products.  The firm has full ex 
ante information about the fixed costs of entry and the levels of exporting revenue 
associated with each potential export market.  As the fixed cost of entry is 
decreasing in the number of export destinations, the firm may benefit in the long 
term by entering markets gradually.  The model is outlined in detail in this section. 

2.1 Consumers 

Consumers in the model are assumed to have identical, constant elasticity of 
substitution preferences of the Dixit and Stiglitz (1977) type, with demand 
elasticity 1>σ .  With a continuum of Ω  goods available in the economy, the 
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index that reflects the overall price level. 

2.2 Firms 

Firms in the model are assumed to be of the increasing returns to scale, 
heterogeneous productivity type proposed by Melitz (2003), in which each firm 
realises its productivity after it is formed.6  The productivity realisation is 
expressed in terms of the firm’s idiosyncratic per-unit cost of production, ωa , 
which defines its productivity, σ

ω
−1a .  Upon realising its productivity, the firm 

decides whether to produce and therefore to sell its products in the home market, 
and what strategy to employ in entering export markets.  There is a fixed cost 
associated with establishing a firm, which in equilibrium offsets the expected 
operating profits and ensures that firms are formed at a positive and finite rate.  
Firms fail at a constant rate according to a Poisson process.  The price of the sole 
                                                      
6 An alternative definition of firm heterogeneity would be in product quality rather than productivity, 
with firms having uniform production costs but different levels of demand.  The two approaches are 
effectively equivalent, however, as the important point is that a better firm earns higher profits in all 
markets.  A model based on product quality would generate predictions identical to those presented 
below. 
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production input is normalised to one, so the firm maximises profits by setting its 
output price equal to ( )1−= σσωω ap . 

2.3 Export revenues 

The firm is faced with I potential export markets, where market i has gross 
domestic product (GDP) iY  and an overall level of prices represented by the index 

iP .  Transport costs are of the iceberg type, with iτ  units shipped from the home 
country for each unit that arrives in country i; for convenience this is converted to 
the trade freeness parameter στφ −= 1

ii .  Dropping the subscript ω, the firm with 
unit cost parameter a and output price ( )1−= σσap  receives the following 
single-period revenues from exporting to market i:7 

 ( ) ( )[ ]
i

i
iii Y

P
aYPr σ

σσσσσφ
−

−−−
= 1

1111,  (1) 

Expression (1) may be simplified slightly by defining the ‘size’ of an export 
destination to be its GDP adjusted for the toughness of competition from other 
firms, iii YPs 1−= σα , which reflects the larger demand for the firm’s exports in 
markets with fewer competitors or in which competitors sell for higher prices.  The 
variable is  directly reflects the potential sales volume of a new entrant to market i 
for a given price.8  Without loss of generality, parameters are normalised such that 

( )[ ] σσσσα −−≡ 111 , which allows (1) to be simplified to the following: 

 ( ) iii sasr σφ −= 1  (2) 

                                                      
7 The exporting revenue is net of production costs but gross of fixed entry costs. 
8 The sales volume is not identical for markets of all sizes, in contrast to the standard constant 
elasticity of substitution model with uniform fixed costs for all markets.  Fixed costs are increasing in 
market size, which was shown by Akerman and Forslid (2008) to lead to higher per-firm export 
volumes to larger markets.  In this model the exact characterisation of revenue as a function of market 
size in general equilibrium would be difficult to obtain due to the complexity of the set of different 
strategies, which depends on the assumed distribution of firm productivity in each country, and the 
endogenous fixed cost function explained below.  Such an exact solution would not in any case 
enhance the model, as the solution would be replicable as a particular case of the model here through 
the choice of subjective parameters. 
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The fixed costs of exporting are sunk upon entry and the per-unit revenue (2) is 
strictly positive, so once the firm has entered market i it continues to export to that 
market and receives a permanent stream of revenues of ( )isr  per period.  The firm 
is assumed to have a per-period discount factor β , reflecting the probability of 
survival, so the long-term revenue from export market i discounted back to the 
period of entry is: 

 ( ) ( )
β
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−

== ∑
∞
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t
i

t
i
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srR  (3) 

Substituting in (2) yields: 
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β

−

−
= 1

1
1  (4) 

2.4 Fixed costs of entry to export markets 

The model assumes a fixed cost of entry to each new export market, which reflects 
the costs of adapting products to meet specific technical or cultural standards, 
finding customers, and setting up a distribution network.  A number of studies have 
found positive plant-level fixed costs associated with entry into new export markets 
(Roberts and Tybout, 1997; Bernard and Wagner, 2001; Bernard and Jensen, 2004; 
Das, Roberts, and Tybout, 2007).  However, there is little evidence of ongoing 
fixed costs associated with continuing to export; indeed, Das, Roberts, and Tybout 
(2007) found that such ongoing fixed costs were not significantly different from 
zero.  The model design follows these results, with positive fixed costs incurred by 
entry to a new market but no ongoing fixed costs of exporting.9 

The fixed cost of entry into export market i at time t is represented by the 
function ( )ti

X nsf , , where is  is the size of the market and tn  is the number of 
export destinations entered before period t, reflecting the firm’s experience as an 
exporter.10  Just as in the demand specification, the market size reflects both GDP 
and the lack of competition from other firms, factors assumed to be correlated with 
                                                      
9 This restriction precludes one mechanism for firm exit from export markets, in which a firms that 
exports to an unprofitable market simply to gain experience in setting up export operations would 
subsequently exit were the ongoing revenue to be negative.  Such a feature is, however, beside the 
point of the current paper. 
10 Distance is likely to be correlated with some factors that affect the cost of entry, such as language 
differences.  However, including distance as a factor in the fixed cost function would not affect the 
main predictions of the model, so it is left out in the interests of simplicity. 
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the difficulty of entering an export market.  Experience accrues after a delay of one 
period, which drives the endogenous timing of entry: firms delay entry to certain 
markets while they accumulate experience from entry to other markets, if the fixed 
cost reduction of doing so exceeds the foregone revenue.  Experience is measured 
as the number of destinations, so the amount of learning is independent of market 
size.  This simplifies the model but is not essential for generating its predictions, 
which require only that the experience gained be larger in proportion to the fixed 
cost of entry for smaller markets.  Unlike in Arkolakis (2010), the firm does not 
have the option to enter part of the market and incur only a fraction of the fixed 
cost. 

To generate the theoretical results presented in Section 3, the necessary and 
sufficient conditions on the fixed cost function are that: (1) it be increasing in the 
size of the market but non-increasing per unit of size, so that 0>X

sf  and 
sff XX

s ≤ ; (2) it be a decreasing function of prior exporting experience, so that 
0<X

nf ;11 and (3) the absolute reduction from experience be greater for larger 
markets, so that 0<X

snf .  The first of these conditions ensures that larger markets 
are more profitable, which is necessary to generate the variation in entry orders.  
The second condition is necessary for delayed entry to be optimal.  The third 
condition is also necessary for variation in entry orders, as it creates a trade-off 
between lower overall fixed entry costs and higher foregone exporting revenues 
depending whether the smaller or larger of two markets is entered first.12 

To illustrate the type of process that the fixed cost is supposed to represent, a 
specific, micro-founded functional form for ( )ti

X nsf ,  is presented here.  Certain 
tasks associated with entry, such as product adaptation, may be independent of 
country size, whereas other tasks, such as advertising, are higher for larger 
countries.  For simplicity, it is assumed that elements of the fixed cost of entry may 
be grouped into a component that does not depend on market size and a component 
that is a constant multiple of market size.  The costs of these components are 
represented by the constants 0>μ  and 0>ν , respectively.  The units are scaled 
such that the fixed cost of entry to a market of size is  for a firm with no exporting 
experience is isνμ + . 

The fixed cost of entry to a given market is assumed to decrease with the 
number of markets already entered, as this experience broadens the firm’s range of 
                                                      
11 It is appropriate to impose convexity on the condition that the fixed entry cost be decreasing in 
experience, formally 0>X

nnf , as the potential benefits of experience would eventually wane and the 

costs of entry would never become negative.  This feature is present in the functional form in (5). 
12 The implications of the three necessary and sufficient conditions are demonstrated formally in 
Appendix 2. 
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competencies.  For instance, product adaptations and advertisements may have 
characteristics that can be applied to further markets.  Many such dimensions of 
adaptation exist and the fixed cost of entry for a given market is increasing in the 
degree of adaptation required along each dimension.  Formally, to enter market i 
the firm must adapt along each dimension [ ]Kk ,0∈  to the value k

iη .  Once the 
firm has conducted this adaptation, the value k

iη  becomes an element of its 
competencies in dimension k, denoted { } Mi

k
i

k
∈= θθ , where M is the set of markets 

entered by the previous period and includes the home market by definition. 
The cost of adapting the product in dimension k is a constant multiple of the 

difference between k
iη  and the nearest element of the firm’s existing competencies 

kθ .  Each dimension is a unit circle (zero and one are equivalent values) so no 
country is more central than any other in terms of culture and technology.  The 
values of k

iη  are drawn from ( )1,0U  distributions and are independent and 
identically distributed.13  Where n is the number of markets already entered, the 
probability distribution for the difference between a new draw of k

iη  and the 

nearest existing competency in kθ  is ( ) ( ) 1212 −−= nznzg .  It follows that the total 
cost of adapting over a continuum of dimensions is proportional to ( )11 +n .14 

The scale-independent and per-unit components of the fixed cost each 
correspond to a continuum of dimensions, so both are reduced by experience by the 
same proportion.  If the inexperienced firm faces a fixed entry cost of isνμ + , the 
expression for the fixed cost of entry is: 

 ( ) [ ]i
t

ti
X s

n
nsf νμ +

+
=

1
1,  (5) 

The functional form in (5) naturally satisfies the necessary and sufficient 
conditions outlined above for the fixed cost function. 

2.5 Long-term profits 

As production costs and exporting demand are constant and deterministic in the 
model, it is never optimal for a firm to drop out of an export market it has already 
entered, as the fixed cost is sunk and exporting revenues must be positive for the 

                                                      
13 The model therefore differs from Morales, Sheu, and Zahler (2011) in that adaptation is not 
country-specific. 
14 The derivation of this expression is given in Appendix 1. 
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firm to enter in the first place.15  The overall entry strategy can therefore be 
expressed as a vector t of integer values representing the period in which each 
particular market is entered.  That is, the firm enters market i in period it , where by 
convention period zero is the initial period and ∞=it  if the firm does not enter 
market i at all.  Substituting in the expression for single-period revenue (4), the 
discounted payoff of the strategy represented by t is therefore: 

 ( )∑∑
==

− −
−

=Π
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i
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ii

t
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ii nsfsa
11
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1

1 βφβ
β
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As stated above, the expected profits from operating in the home market and the 
exporting payoff expressed in (6) are equal to the fixed cost of establishing a firm, 
which ensures that the flow of new firms is positive and finite.  Following Chaney 
(2008), it is assumed that any profits are redistributed among individuals in the 
firm’s home country as dividends. 

3 Optimal export entry strategy 

The firm’s optimal export entry strategy is the set of export markets and entry 
times that maximises aggregate net exporting profits (6), which is characterised by 
the vector of market entry times t*.  The remainder of this section outlines features 
of the optimal strategies. 

3.1 Productivity ordering of firms 

A relationship between firm productivity and the optimal strategy can be inferred 
from the expression for the strategy payoff in (6).  The payoff is linear and 
increasing in the productivity factor σ−1a , as the revenue from each market is 
proportional to firm productivity while the fixed entry costs are independent of 
firm productivity.  The multiplier on firm productivity is proportional to the term 

∑=
=

m

i ii
t sA i

1
φβ , a single variable that combines the number of markets entered, 

                                                      
15 With a positive ongoing fixed cost of exporting this may not hold true, even in the absence of 
uncertainty, as the firm could enter a market to benefit from that experience even if revenue from 
exporting to that market is less than the ongoing fixed cost.  In such a case the firm would not 
continue exporting to the market once it had benefited from the experience of establishing the export 
operation. 
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the sizes of those markets, and the timing of entry.  The term A is henceforth 
referred to as the ‘aggressiveness’ of the strategy characterised by t.16 

 

Figure 1.  Strategy payoffs as functions of firm productivity levels. 

Consider now the three hypothetical strategies illustrated in Figure 1, which are 
numbered in increasing order of firm productivity so that ( ) ( ) ( )321 AAA << .  As 
each strategy payoff is linear in productivity, the payoffs from any given pair of 
strategies may intersect at most once.  If the payoffs do intersect then the 
productivity level at which they intersect constitutes a threshold, with the more 
aggressive strategy being preferable for all firms above the threshold and vice 
versa.  For example, in Figure 1 the productivity level σ−

><
1

3,1a  represents the 
threshold between Strategy 1 and Strategy 3.  Identical reasoning applies to any 
pair of strategies and results in a positive and monotonic ordering, with more 
aggressive strategies employed by more productive firms.  It should be noted that 
some potential strategies may not be optimal for any firms and therefore do not 
appear in the productivity ordering, as is the case with Strategy 2 in Figure 1.  The 
remainder of this section outlines the features of the optimal strategies that can be 
inferred from (6). 

                                                      
16 According to this formulation a strategy is more aggressive if the markets entered are nearer.  
Though it is not clear how the distances to export markets should be related to the concept of 
aggressiveness, in the model all firms enter nearer markets rather than or no later than more distant 
markets, so the distinction is not important.  
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3.2 Timing of entry to new export markets 

The following proposition characterises the relationship between firm productivity 
and the speed of entry to new export markets. 

Proposition 1. Under optimal strategies, the time taken to enter a given set of 
markets is weakly decreasing in firm productivity. 

Proof. See Appendix 3. 

The prediction that more productive firms enter markets more quickly results 
from the trade-off underlying the decision about the timing of entry: delaying entry 
until other markets have been entered implies reduced fixed entry costs, but also 
foregone revenue.  Firms delay entry if and only if the fixed cost reduction exceeds 
the foregone revenue.  As fixed entry costs are independent of productivity 
whereas exporting revenues are increasing in productivity, immediate entry is 
optimal only for the firms above some productivity threshold.  This trade-off is 
illustrated in Figure 2.  The same reasoning applies to each export market, so the 
overall relationship between firm productivity and the time taken to enter a given 
set of markets is non-increasing.  Intuitively, more productive firms earn more 
exporting revenue from any given market so the foregone revenue is relatively 
important for these firms, whereas for less productive firms the reduction in fixed 
entry costs is relatively important. 

 

Figure 2.  Trade-off involved in delaying entry to an export market, by firm 
productivity level. 
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The home country is considered to be a market from which the firm gains 
experience.  This implies that more productive firms also enter their first export 
market after a shorter delay. 

3.3 Order of entry by market size 

A novel feature of the model is that it generates endogenous variation in the orders 
of entry to export markets.  Firms have opposing incentives either to (1) enter 
smaller markets first, to maximise gains from experience in setting up export 
destinations, or (2) enter larger markets first, to receive higher revenues in the near 
term.  The model generates both types of patterns, depending on firm productivity.  
It is even possible that some firms enter unprofitable markets, in order to gain 
experience that makes it more profitable to enter other markets in later periods.  
The relationship between firm productivity and the optimal order of entry by 
market size is summarised in the following proposition. 

Proposition 2. Under optimal strategies, firms that enter the larger of two markets 
before the smaller market are more productive than firms that enter the same 
markets in the opposite order, controlling for the entry times to all other markets. 

Proof. See Appendix 3. 

The prediction made in Proposition 2 results from a trade-off between the 
benefits of attaining revenues earlier and of reducing fixed entry costs.  More 
productive firms earn more revenue from each market, which implies that 
foregoing revenue from a larger market is more costly.  On the other hand, the 
aggregate fixed costs of entry are lower when the smaller market is entered first, 
but by the same amount for all firms.  The foregone revenue is therefore relatively 
important for more productive firms and they enter the larger market first, while for 
less productive firms the fixed cost reduction is relatively important and they enter 
the smaller market first.  For parameters that permit both orders to be optimal for 
some firms, there is a threshold level of productivity above which firms enter the 
larger market first, and vice versa.17 

The pattern outlined in Proposition 2 extends to any subset of exporting 
strategies as well as sets of export markets.  Amongst firms that eventually enter 
the same set of markets, this produces an overall ordering in which more 

                                                      
17 It is trivially not optimal for any firms to enter the smaller market first if the reduction in fixed 
entry costs from experience is not increasing in market size, as this foregoes higher revenue in the 
near term without any overall decrease in the fixed costs of entry.  This is shown formally in 
Appendix 2. 



Chapter 3. Learning to Export and the Timing of Entry to Export Markets 49 

productive firms tend to export to larger markets earlier whereas less productive 
firms enter smaller markets earlier.18 

While the predictions made in Proposition 1 may be able to be explained by a 
number of alternative factors, the prediction made in Proposition 2 is more specific.  
It requires a model of a particular type, similar to that proposed here.  Namely, the 
model must have a benefit that accrues from exporting to some markets, is realised 
when other markets are subsequently entered, and is increasing in the size of the 
market subsequently entered. 

The prediction that export market entry orders are dependent on firm 
productivity implies that a degree of variation in entry orders between firms is 
generated endogenously, an original feature of the model.  Morales, Sheu, and 
Zahler (2011) and Chaney (2011) generate variation in market entry orders, as 
firms tend to enter export markets near markets they already export to, which fits 
with empirical export patterns.  However, the variation in export patterns results 
from randomness in the sets of initial export markets, so these models do not 
explain why entry orders vary between firms.  The learning mechanism in the 
model presented here could indeed explain part of the heterogeneity in orders of 
export market entry observed for French firms in Eaton, Kortum, and Kramarz 
(2008) and for Irish firms by Lawless (2009). 

3.4 Transport costs and the order of entry 

The model implies a strict relationship between the distances, in terms of transport 
costs, to a pair of otherwise identical markets and the order in which the markets 
are entered.19  This relationship is specified in the following proposition. 

Proposition 3. Under optimal strategies, all firms enter a nearer market (lower 
transport costs) no later than a more distant market (higher transport costs) of the 
same size. 

Proof. See Appendix 3. 

The prediction that firms will enter a nearer market before a more distant 
market is a simple result of discounting: if one market yields a larger net profit, 
then a higher overall discounted profit is earned by entering that market earlier.  
                                                      
18 Such a pattern is related to the theory that less productive exporters begin by exporting small 
volumes by Rauch and Watson (2003), which could correspond either to exporting progressively 
larger amounts to the same markets, entering progressively larger export markets, or some 
combination of both. 
19 Henceforth, the term ‘distance’ is used as shorthand for the costliness of transporting goods to a 
given market.  To avoid confusion, it is used only in contexts where the two concepts intersect. 
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The nearer the market, the more exporting revenue is gained there, and the earlier 
the firm will enter  For markets of different sizes, the nearer market is entered first 
if the relative distance to that market is below a certain threshold, the level of 
which depends on the sizes of the markets and on firm productivity. 

Proposition 3 fits with intuition gained from the strength of the gravity model of 
trade in explaining empirical trade patterns, with the two principal factors being 
market size and distance (Anderson and van Wincoop, 2004).  The prediction here 
is related: not only do more firms export larger amounts to nearer or otherwise 
more accessible markets, but they also enter those markets earlier.  Market size and 
other factors not made explicit here also play a role, but in general firms are 
predicted to begin by exporting to neighbouring countries and then expand to 
progressively more distant markets. 

As outlined in the discussion of Proposition 2, the order in which markets of 
different sizes are entered is not uniform across firms, but varies depending on firm 
productivity.  Therefore, the model does not generate an ordering of markets based 
solely on their sizes as it does with the distances to the markets.  However, in 
general the model predicts that larger markets will yield higher net profits, which is 
consistent with firms generally entering larger markets earlier. 

4 Data 

The data used in this paper are a panel of Swedish firm-level data supplied by 
Statistics Sweden (Statistiska centralbyrån) for all years from 1997 to 2007.  The 
data include information on firm characteristics (wages, numbers of employees, 
investments, inputs, locations of plants and headquarters, and so on) and the 
amount of exports for each firm in each year by destination country.  The GDP 
levels of each country are the 2010 figures from the World Development Indicators 
database of the World Bank.  Data on the distances of countries from Sweden are 
the distances between the principal cities from the CEPII (Centre d'Etudes 
Prospectives et d'Informations Internationales) database. 

The sample is restricted to manufacturing firms, in the interests of both internal 
consistency and consistency with the model, and to firms with at least five 
employees.  The empirical tests conducted in this paper require a sample of new 
firms, with information on the year of formation of each firm and its year of entry 
to each export destination.  The new firms are identified by restricting the sample 
to those firms that are not present in the first year of the panel but appear thereafter.  
To avoid falsely classifying subsidiaries or divestitures of certain operations as 
independent firms, an index maintained by Statistics Sweden is used to identify 
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such entities, which are then excluded.20  Firm productivity is estimated in the first 
year of operation for each firm using the method proposed by Levinsohn and Petrin 
(2003).  The sample is restricted to firms for which there is enough information in 
the data to calculate productivity using this method. 

The data are aggregated by two-digit manufacturing industry.  To avoid 
spurious variation from industries with few firms, only two-digit industries with at 
least 50 Swedish firms operating during the relevant period are included in the 
sample.  A small fraction (around 5%) of manufacturing firms operate in more than 
one industry; these firms are excluded due to potential complications in 
characterising productivity levels and market entry orders.  Table 1 presents 
summary statistics for the main firm-level variables in the sample. 

Mean Std. dev. Minimum Maximum 

  Number of employees 54.5 426.7 5 20,963 
  Payroll (mSEK) 15.4 97.7 0.1 3,820.0 
  Capital stock (mSEK) 16.4 155.0 0.0 5,360.0 
  Estimated productivity in first year of operation 12.4 33.2 0.0 1,812.0 
  Number of export destinations 4.9 10.7 0 129 
  Value of exports (mSEK) 33.5 298.0 0.0 13,100.0 

  Note: 3,352 firms in total, of which 2,294 engage in exporting; firm productivity estimated using
     the Levinsohn and Petrin (2003) method, measured in the first year of operation; annual figures
     given for all other variables, for all years from 1998 to 2007 the firm was operating  

Table 1.  Summary statistics for the sample of new Swedish manufacturing firms 
formed 1998 to 2007. 

The empirical tests conducted in this paper concern the destinations of Swedish 
manufacturing exports.  It is therefore interesting to observe which countries most 
commonly function as export destinations for these firms.  Table 2 gives rankings 
of the 20 most popular destinations for Swedish manufacturing exports in 2007 in 
terms of the number of exporters and the value of exports.  These rankings use a 
sample of all manufacturing firms, to give an impression of overall Swedish 
manufacturing exports rather than only of young firms. 

The rankings in Table 2 confirm the importance of market size and the distance 
from Sweden in determining the popularity of an export destination, consistent 
with a gravity model.  The most popular markets tend to be either relatively large 
(e.g. the United States of America, Japan, and China), relatively close to Sweden 
(e.g. Norway, Finland, and Denmark), or both (e.g. Germany, France, and the 
                                                      
20 The index groups firms that have had common ownership at some stage of their existence.  In 
Statistics Sweden terminology, the index is the set of “FAD” codes.  Firms with FAD codes that were 
present in 1997 are excluded.  Where multiple firms have the same FAD code, all but the first to 
appear are excluded.  The results are robust to stricter definitions of ‘new’ firms that only include 
firms that first appear in 1999 or later, as shown in Appendix 5. 
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United Kingdom).  The most popular destination in terms of the number of 
exporters is Norway, which shares a long land border with Sweden and has much 
of its population concentrated in areas close to that border.  The most popular 
destination in terms of the value of exports is Germany, a large country in terms of 
GDP and also a neighbour of Sweden. 

Number of Value of Swedish
Rank Country Swedish exporters Rank Country exports (bSEK)

1 Norway 4,809 1 Germany 82.94
2 Finland 2,093 2 United States of America 66.72
3 United States of America 1,989 3 United Kingdom 55.81
4 Denmark 1,895 4 Norway 42.30
5 Germany 1,879 5 France 41.71
6 United Kingdom 1,643 6 Belgium 40.06
7 Switzerland 1,626 7 Netherlands 38.30
8 Netherlands 1,463 8 Denmark 28.59
9 France 1,403 9 Italy 27.85
10 Poland 1,310 10 Finland 26.07
11 Belgium 1,228 11 Spain 23.46
12 Italy 1,200 12 Russia 16.66
13 Spain 1,178 13 China 16.36
14 China 1,115 14 Poland 15.05
15 Estonia 989 15 Japan 10.88
16 Austria 963 16 Australia 10.82
17 Japan 935 17 India 8.57
18 Australia 933 18 Canada 8.37
19 Iceland 912 19 Austria 8.24
20 Canada 868 20 Switzerland 7.41  

Table 2.  Rankings of the 20 most popular export destinations for Swedish 
manufacturing firms in 2007 by the number of Swedish exporters (left) and by the 

value of Swedish exports (right). 

5 Results 

Propositions 1 through 3 relate to firm productivity, so to test these predictions it is 
necessary to estimate the productivity levels of all firms.  This is done using the 
method proposed by Levinsohn and Petrin (2003), which uses intermediate inputs 
to proxy for the “transmitted” component of productivity and thereby to solve the 
endogeneity problem associated with firms increasing variable factor inputs in 
response to positive productivity shocks.21  The Levinsohn-Petrin method is 
                                                      
21 The Levinsohn-Petrin method is a variation of that proposed by Olley and Pakes (1996), which 
instead uses investments to proxy for unobserved productivity.  The principal advantage of the 
Levinsohn-Petrin method over Olley-Pakes is that it produces productivity estimates for a larger 
number of firms, as each method relies on nonzero amounts for the respective proxy variable, nonzero 
values being more common for intermediate inputs than for investments.  The productivity estimates 
from the two methods are highly correlated and lead to qualitatively similar results, as indeed does 
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applied using value added as the measure of firm output and productivity is 
estimated separately for each two-digit industry.  The remainder of this section 
outlines the empirical tests of the three propositions stated above. 

5.1 Proposition 1 

The prediction in Proposition 1 is that firms with higher productivity levels enter 
export markets more quickly.  That is, all else being equal, a more productive firm 
begins exporting sooner and then adds new export markets at a faster rate than a 
less productive firm.  This relationship is tested by regressing the delay before 
entry to each export market on firm productivity.  The delays are measured as the 
years since firm formation for the first market and as the years since entry to the 
previous market for the second market onwards.22  The following equation is 
estimated: 

 ( )nnjnprodnn ztt ,,,1,, exp ωωωω εγβ ++=− −  (7) 

where nt ,ω  denotes the year of operation in which firm ω enters its nth export 
market, nprod ,β  is the coefficient on productivity for the delay before entry to the 
nth export market, ωz  is the (log) productivity of the firm as measured in its first 
year of operation, nj ,γ  is the fixed effect for industry j, and n,ωε  is the error term.  

                                                                                                                                       
productivity estimated as value added per worker, so the results appear not to be dependent on the 
choice of productivity measure in any case.  This is demonstrated for Table 6 in the robustness checks 
presented in Appendix 5; reproductions of the other regression tables using these alternative 
productivity estimates can be supplied upon request.  The Levinsohn-Petrin and Olley-Pakes 
techniques contain some strong assumptions and have been criticised for a number of identification 
issues.  Ackerberg, Caves, and Frazer (2006) note that the strict monotonicity of the proxy variable in 
terms of unobserved productivity is necessary to completely correct for endogeneity.  Furthermore, if 
the firm sets the levels of the proxy and the variable input simultaneously, and both are deterministic 
functions of state variables and unobserved productivity, then the coefficient on the variable input is 
unidentified.  If the proxy and the variable input are set in different periods, then an endogeneity 
problem remains.  They propose an alternative method to address these problems, which is developed 
further by Wooldridge (2009). 
22 It would also be possible to regress the number of markets entered in each year of operation on firm 
productivity, which yields qualitatively similar results, but this would falsely identify entry to a larger 
number of markets as faster entry: if a firm went on to enter a larger number of markets than another 
firm, then it would be identified as entering more markets per year, even if both firms added their 
export destinations at exactly the same rate. 
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By definition 0,ωt  is the period of formation of firm ω.  Equation (7) is estimated 
using a Poisson model, as the delays are constrained to be nonnegative and their 
distribution in the data resembles an exponential distribution.  The results are 
displayed in Table 3.  The productivity coefficients from ordinary least squares 
estimation of (7) are included for comparison.  The productivity coefficients are 
stated separately for the delay before commencement of exporting, the delay 
between entry times to consecutive pair of markets, and the combination of the 
two. 

Delay before Number of
entry to Productivity coefficient observations

(Poisson) (OLS)

First market -0.381*** -0.236*** 2,294
(-5.42) (-4.79)

Second and -0.471*** -0.126*** 24,688
later markets (-7.31) (-7.81)

All markets -0.501*** -0.152*** 26,982
(-8.17) (-8.54)

  Note: t -statistics in parentheses; robust standard errors, clustered
     by firm; * significant at 10% level, ** significant at 5% level,
     *** significant at 1% level  

Table 3.  Productivity coefficients for the delay before the commencement of 
exporting and between entry times to all consecutive pairs of markets. 

The productivity coefficients displayed in Table 3 are each negative and 
strongly significant, confirming the prediction made in Proposition 1: more 
productive firms begin exporting sooner and then go on to add further markets 
more quickly.23  The coefficients for individual industries are presented in 
Appendix 4.  In order to test for the possibility of these results being driven by the 
size or capital intensity of the firm rather than by productivity, (7) is estimated 
again using labour, capital, and capital intensity in log values as additional 
independent variables.  The resulting coefficients are displayed in Table 4. 

The results in Table 4 give further support to the prediction made in Proposition 
1.  While the number of employees, wages, capital, and capital intensity all 
contribute to the speed of entry, or at least appear to as each of these factors is 
positively correlated with firm productivity, the coefficient on productivity remains 
negative and strongly significant with their inclusion. 

                                                      
23 These results are robust to changes in the sample of firms, such as setting a minimum year of 
formation after 1998 or a maximum year of formation before 2007, to the inclusion of year-of-
formation fixed effects, and to a minimum export amount or duration of exporting to each destination, 
as demonstrated in Appendix 5. 
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Delays before entry to all export markets

(Poisson) (Poisson) (Poisson) (Poisson) (Poisson) (Poisson)

  Productivity -0.501*** -0.348*** -0.359*** -0.377*** -0.341*** -0.481***
(-8.17) (-6.26) (-6.51) (-6.47) (-6.08) (-7.76)

  Number of -0.315*** -0.253***
  employees (-14.53) (-7.35)

  Wages -0.263***
(-13.39)

  Capital -0.172*** -0.053**
(-11.99) (-2.34)

  Capital -0.098***
  intensity (-4.25)

  Number of
  observations 26,982 26,982 26,977 26,893 26,893 26,893

  Note: t -statistics in parentheses; robust standard errors; * significant at 10% level, ** significant at 5%
     level, *** significant at 1% level  

Table 4.  Productivity coefficients for the delay before the commencement of 
exporting to all consecutive pairs of markets. 

5.2 Proposition 2 

The prediction made in Proposition 2 is that more productive firms enter larger 
markets before smaller markets whereas less productive firms enter the same 
markets in the opposite order, all else being equal and provided that some firms 
enter in each of these orders.  This prediction is not straightforward to test 
empirically, due to the difficulty of isolating strategies comparable in all aspects 
other than entry times to a given pair of markets.  To test the proposition, the 
analysis conducted here includes firstly a test of the corollary that the first markets 
entered are larger for more productive firms, followed by tests of entry orders to 
particular pairs of markets in which the other aspects of the entry strategies are 
controlled for. 

To test the relationship between firm productivity and the size of the nth market 
entered, the following equation is estimated: 

 nnjprodn zGDP ,,, ωωω εγβ ++=  (8) 

where nGDP ,ω  is the (log) GDP of the nth export market that firm ω enters, ωz  is 
the (log) productivity of the firm as measured in its first year of operation (with 
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coefficient prodβ ), nj ,γ  is the fixed effect for industry j, and n,ωε  is the error term.24  
The results from the estimation of (8) for each of a selection of ordinal markets are 
given in Table 5.  Though it is not practical to include the coefficients for all 
ordinal markets in a table, the productivity coefficients for the full range of markets 
from the first to the thirtieth are plotted in Figure 3. 

Market size in terms of GDP
1st market 2nd market 4th market 6th market 8th market 10th market 15th market 20th market 30th market

entered entered entered entered entered entered entered entered entered

(OLS) (OLS) (OLS) (OLS) (OLS) (OLS) (OLS) (OLS) (OLS)

  Productivity 0.577*** 0.475*** 0.265*** 0.238*** 0.114 -0.022 -0.190 0.060 -0.048
(7.46) (4.78) (3.57) (2.65) (1.26) (-0.25) (-1.21) (0.38) (-0.26)

  R² 0.117 0.079 0.048 0.033 0.037 0.045 0.030 0.057 0.047

  Number of
  observations 2,294 1,704 1,199 987 875 779 586 436 264

  Note: t -statistics in parentheses; robust standard errors; * significant at 10% level, ** significant at 5% level, *** significant at 1% level  

Table 5.  Productivity and distance coefficients on the sizes of the first, second, etc. 
markets entered. 
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Figure 3.  Productivity coefficients on the sizes of the first 30 markets entered 
(solid line) and the limits of the 95% confidence interval (dotted lines). 

                                                      
24 In cases where the firm enters more than one market in the same year, the size of the market is 
taken from the largest market entered in the year, so that entry to a small market as well as a large 
market is not confused for the firm managing only to enter the smaller market.  A bias may result, as 
more productive firms more often enter multiple markets in the same year.  However, given the detail 
in the data some limiting assumption must be made, and no unambiguously superior alternative is 
apparent. 
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The results displayed in Table 5 and Figure 3 indicate that the sizes of the initial 
markets entered are increasing in firm productivity, but that this relationship 
disappears for later markets.  This is in line with the theory, as the first markets 
entered are larger for more productive firms as they are less concerned with 
gaining experience in smaller markets before entering the larger markets.  For later 
markets, those entered by the more productive firms would be smaller amongst 
firms that all enter the same markets, but this effect is muddied by the diversity of 
factors at play in the selection of later markets, which may include low-
productivity firms entering small markets further abroad to gain experience before 
entering larger markets nearby.  The samples are also more homogeneous for later 
markets, as less productive exporters enter fewer markets and are therefore not 
included in the samples of entry to lower-ranked markets. 

More specifically, Proposition 2 predicts that more productive firms enter a 
larger market before a smaller market whereas less productive firms enter the same 
markets in the opposite order, where all other aspects of the firms’ export entry 
strategies are the same.  Testing this proposition presents a challenge: restricting 
the sample to firms that employ strategies that are identical except for the entry 
times to two particular markets leaves only a small number of firms, because of the 
large number of potential markets and the heterogeneity of firms.  To obtain a 
reasonably-sized sample, more variation between strategies must be permitted. 

The approach used here is to test the order of entry between one or more given 
‘small’ markets and a given ‘large’ market.  To control for other differences 
between the strategies, fixed effects representing the sets of all continents 
eventually exported to are included in the regressions.  Only firms that eventually 
enter both markets are included, which excludes firms that attempt to export to a 
‘trial market’ but are unsuccessful and subsequently cease to export.  Also 
excluded are many of the firms that simply fill occasional orders but do not 
establish themselves as exporters, which would be irrelevant to the theory proposed 
above.  When comparing export markets, certain geographical, cultural, and 
institutional differences are endemic and difficult to deal with.  Pairing the markets 
provides a natural solution to this problem: the differences between markets apply 
to all firms and are therefore simply captured in the constant terms. 

The analysis is conducted using two sets of definitions of ‘small’ and ‘large’ 
export markets.  The first restricts attention to EU countries and compares entry 
times to the smaller neighbours of Sweden with the entry times to each of the 
larger markets.  The second part of the analysis uses pairs of markets that are 
similar to each other in culture and distance from Sweden but different in size, 
where both markets are either inside or outside of the EU.  EU and non-EU markets 
are treated separately because of a data restriction: within-EU exports are only 
reported for firms that have total exports to EU countries of at least 1.5 million 
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SEK in the same year, which could distort the comparison of entry times to EU and 
non-EU countries. 

In the first part of this analysis, the ‘small’ EU markets are comprised of the 
smaller of Sweden’s neighbours: Denmark, Finland, Lithuania, Latvia, and Estonia.  
Each of these countries would serve as an appropriate market for Swedish firms to 
gain experience in exporting, due to their proximity to Sweden and relatively small 
sizes.  To be comprehensive, the set of ‘large’ markets tested includes all countries 
in the EU with higher levels of GDP than any of the neighbouring EU countries.  
The sample is restricted to firms that enter the relevant large market and at least 
one of the neighbouring markets during the period of the data.  The following 
logistic model is fitted:25 

 
( ) ( )

ωωω

ω
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+=<

jprod

vvtt
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where ( )LS ttI <
ω  is an indicator variable for firm ω (in industry j) entering at least one 

of the small (neighbouring) markets before entering the large market,26 ωz  is the 
(log) productivity of firm ω as measured in its first year of operation (with 
coefficient prodβ ), jγ  is the fixed effect for industry j, ωδ  is the fixed effect for the 
set of continents exported to, and ωε  is the error term.27  The productivity 
coefficients from the estimation of (9) are displayed in the first two columns of 
Table 6.  The second column uses the fixed effects for the sets of continents 
exported to. 

The prediction made in Proposition 2 also implies a negative correlation 
between firm productivity and the number of ‘small’ markets entered before entry 
to a ‘large’ market, all else being equal.  As the relationship between firm 
                                                      
25 The logistic model imposes a specific structure on the regressions that has some limitations.  
However, probit and ordinary least squares regressions using the same variables yield qualitatively 
similar results, as demonstrated in Appendix 5. 
26 This combines firms that enter the large market first with firms that enter the neighbouring and 
large markets simultaneously, comparing both with firms that enter the neighbouring markets then the 
large market.  This fits with the theory as firms that enter the two types of markets simultaneously are 
not able to gain exporting experience before entering the large market, just as with firms that enter the 
large market then the neighbouring markets.  In any case this assumption is not crucial, as the results 
hold if firms that enter the large market in the same year that they enter their first neighbouring 
market are excluded. 
27 Continents are defined according to the United Nations M.49 definitions.  The continents are 
Europe, Asia, Africa, North America (including Central America and the Caribbean), South America, 
and Oceania. 
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productivity and the number of small markets is not necessarily linear, it is 
estimated using an ordered logistic model, fitting the following equation: 

 ωωωω εδγβ +++= jprod zN  (10) 

where ωN  is the number of neighbouring markets that firm ω (in industry j) enters 
before entering the large market and the other variables are defined as in equation 
(9).  Equation (10) is estimated for the same large markets as equation (9) and 
using the same destination continent fixed effects.  The resulting productivity 
coefficients are displayed in the third and fourth columns of Table 6. 

Productivity coefficient for:
Large EU Prior entry to neighbouring Number of prior neighbouring Number of

market EU market(s) (I ω ) EU markets (N ω ) observations

(Logit) (Logit) (Ologit) (Ologit)

Germany -0.361** -0.265 -0.345** -0.233 784
(-2.23) (-1.46) (-2.17) (-1.27)

France -0.637** -0.636** -0.644** -0.637** 583
(-2.33) (-2.57) (-2.41) (-2.54)

United Kingdom -0.430** -0.336* -0.441** -0.343* 680
(-2.32) (-1.68) (-2.37) (-1.75)

Italy -0.653*** -0.620*** -0.593*** -0.566** 512
(-2.72) (-2.61) (-2.70) (-2.45)

Spain -0.645** -0.703** -0.549** -0.574** 516
(-2.27) (-2.15) (-2.24) (-2.17)

Netherlands -0.495*** -0.525** -0.502** -0.516** 603
(-2.61) (-2.56) (-2.55) (-2.48)

Belgium -0.639*** -0.620** -0.434** -0.417** 504
(-2.73) (-2.56) (-2.21) (-2.04)

Poland -0.168 -0.213 -0.069 -0.090 645
(-0.91) (-1.06) (-0.40) (-0.49)

Austria -0.207 -0.159 -0.197 -0.146 431
(-1.01) (-0.74) (-1.08) (-0.75)

Greece -0.385 -0.245 -0.307 -0.232 273
(-1.12) (-0.66) (-0.96) (-0.71)

Set of export continent
fixed effects No Yes No Yes

  Note: t -statistics in parentheses; robust standard errors; * significant at 10% level, ** significant at 5%
     level, *** significant at 1% level  

Table 6.  Productivity coefficients for entry to at least one neighbouring EU market 
(Denmark, Finland, Lithuania, Latvia, or Estonia) and for the number of 

neighbouring markets entered before entry to each specified large EU market. 
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Table 6 confirms the prediction made in Proposition 2.  Negative coefficients in 
Table 6 imply a negative relationship between firm productivity and entry to at 
least one neighbouring market before entry to the large market ( )ωI , in the first 
two columns, and between firm productivity and the number of neighbouring 
markets entered before entry to the large market ( )ωN , in the third and fourth 
columns.  The coefficients are negative and are significant for all but three of the 
larger EU markets.  This confirms the prediction made in Proposition 2: firms that 
enter neighbouring markets before entering each of these large markets are, in 
general, less productive than firms that enter the large market first, and less 
productive firms enter a larger number of neighbouring markets before entering the 
large market.  The only weak cases are the smallest of the ‘large’ EU markets, 
which naturally fit the least well with the theory. 

These findings are consistent with lower-productivity firms gaining experience 
by exporting to a smaller market, in which inefficiencies in setting up the 
operations would incur smaller losses, before expanding to export to a larger 
market.  The inclusion of export continent fixed effects reduces the power of the 
tests, as it effectively excludes some firms, but there is no clear overall effect on 
the magnitudes of the coefficients.  The productivity coefficients therefore do not 
seem to be an artefact of differences between broadly different exporting patterns.  
These results are robust to alternative methods of estimating firm productivity, 
measurement of productivity in periods other than the first year of operation, and 
minimum export amounts and durations, as shown in Appendix 5. 

It would be reasonable to suspect that these results may be driven by the 
geographical or cultural proximity of the neighbouring markets to Sweden, rather 
than by their small size in comparison to the larger markets.  To address this point, 
the second set of tests of Proposition 2 is conducted using pairs of markets that are 
similar to each other in terms of culture and distance from Sweden, but where one 
market is substantially larger than the other.  The most reliable way to control for 
distance in terms of the cost of transporting goods is to choose pairs of countries 
that neighbour each other, while avoiding pairs of countries where one hosts a 
major port that would serve both countries.  Under these restrictions there are a 
limited number of pairs of countries that have sufficiently many observations for 
Swedish manufacturing exporters to obtain meaningful results, a handful of which 
are analysed here.  These pairs of markets have relatively large numbers of 
observations, but the results are otherwise representative of other potential pairs of 
markets. 

Equation (9) is estimated for these pairs of countries using a logistic model, 
with the dependent variable indicating entry to the ‘small’ market before entry to 
the ‘large’ market.  Three samples are used: all firms that eventually export to the 
large market, all firms that eventually export to both the small and the large market, 
and all firms that eventually export to both markets but enter them in different 
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periods.  The first sample allows comparison of firms that enter the small market 
first with all other firms that export to the large market.  The second sample allows 
comparison of firms that enter the small market before the large market with all 
other firms that export to both.  The third sample allows a direct comparison of 
firms that enter the small market then the large market with firms that enter the two 
markets in the opposite order.  The productivity coefficients from these regressions 
are shown in Table 7.  For brevity, additional regressions with the fixed effects for 
the sets of continents exported to are not included. 

Small market Large market Productivity coefficient

(Logit) (Logit) (Logit)

Belgium France -0.719** -0.920*** -0.993*
(-2.48) (-2.67) (-1.88)
[544] [388] [114]

Belarus Russia -1.218 -1.565* -1.336
(-1.63) (-1.94) (-1.56)
[156] [27] [23]

Canada United States -0.340* -1.143*** -1.123***
of America (-1.80) (-3.64) (-2.87)

[981] [428] [196]

Uruguay Argentina -0.453 -1.239 -0.887
(-0.61) (-1.02) (-0.73)

[77] [36] [21]

New Zealand Australia -0.919** -1.397** -1.207
(-2.04) (-2.17) (-1.32)
[312] [143] [60]

Only firms eventually exporting
to the large market Yes Yes Yes

Only firms eventually exporting
to the small market No Yes Yes

Only firms entering the two
markets in different years No No Yes

  Note: t -statistics in parentheses; numbers of observations in square parentheses;
     robust standard errors; * significant at 10% level, ** significant at 5% level,
     *** significant at 1% level  

Table 7.  Productivity coefficients for entry to the small market before the large 
market for each specified pair of markets. 

The productivity coefficients displayed in Table 7 are consistent in sign with the 
theory (negative) but not significant for all of the samples, possibly due to the 
small sample sizes.  The productivity coefficients are significant for Canada and 
the United States of America and generally for New Zealand and Australia, pairs of 
countries with strong cultural similarities but that are isolated from other similar 



62 Chapter 3. Learning to Export and the Timing of Entry to Export Markets 

countries.28  The coefficients for Belgium and France are also significant.  As with 
the neighbouring and large EU markets, the productivity coefficients are larger in 
magnitude and more strongly significant when the sample is restricted to firms that 
eventually enter the small market, as firms that enter only the large market are less 
productive on average than firms that export to both markets.  The coefficients for 
Belarus and Russia and for Uruguay and Argentina are negative in magnitude but 
mostly not significant, possibly due to the small numbers of Swedish firms export 
to these combinations of markets.  Similar results emerge for many pairs of 
markets in these regions.  Restricting the sample to firms that enter both markets or 
to firms that enter the markets in different periods has no obvious effect on the 
magnitudes of the coefficients. 

While the model was shown in the tests of Proposition 1 to correctly predict the 
relationship between firm productivity and the speed of entry, the confirmation of 
Proposition 2 supports the proposed learning mechanism as an explanation for this 
relationship.  Among firms that export to a given pair of markets, lower 
productivity firms are shown here to tend to export to the smaller market first and 
then to the larger market.  This pattern is difficult to explain in the absence of a 
benefit that: (1) accrues from exporting; (2) applies when further export markets 
are entered; and (3) is increasing in the size of the market subsequently entered. 

The learning mechanism proposed in this paper satisfies these conditions, as 
could versions of the uncertainty models of Nguyen (2011), Eaton, Eslava, Krizan, 
Kugler, and Tybout (2011), and Albornoz, Calvo Pardo, Corcos, and Ornelas 
(2012).  These models could explain some of the empirical results presented above, 
in particular the speed of entry.  However, the Swedish data show that firms that 
export to a smaller then a larger market are more productive than firms that export 
only to the larger market.  This is consistent with the learning mechanism presented 
here for some parameters, but the reverse of what a model based on firms learning 
about uncertain exporting profitability would predict.  Furthermore, the number of 
small markets entered before a large market is found to be decreasing in firm 
productivity, which is predicted by the model presented here but more difficult to 
explain using a model of uncertain exporting profitability.  Another candidate 
mechanism would be a credit or management constraint as in Lucas (1978) that 
makes it more costly to enter markets simultaneously.  These phenomena could 
explain the empirical results presented here, but only to the extent that they are 
equivalent to the learning mechanism presented above. 

                                                      
28 The relationship between firm productivity and the order of entry to Canada and the United States 
is treated in more detail in Appendix 6, with comparisons of all six of the strategies (as defined 
above) that are possible in a scenario where there are two potential export markets. 
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5.3 Proposition 3 

Proposition 3 predicts that nearer markets will be entered no later than more distant 
markets, all else being equal.  To test this proposition, the positions of the markets 
in the export entry orders of firms are regressed on the distances to the markets.  
The order of entry to new export markets by each firm is observed and the markets 
are each assigned a rank ir ,ω , where 1, =irω  if country i is the first export market 
entered by firm ω, 2, =irω  if country i is the second export market entered by firm 
ω, and so on.  The following equation is estimated: 

 ( ) ijiidistGDPiGDPidisti GDPdistGDPdistr ,, ωω εγβββ ++⋅++=  (11) 

where idist  is the (log) distance from Sweden to country i (with coefficient distβ ), 

iGDP  is the (log) GDP of market i (with coefficient GDPβ ), distGDPβ  is the 
coefficient on the interaction between distance to and GDP of market i, jγ  is the 
fixed effect for industry j, and i,ωε  is the error term.  Equation (11) is estimated 
using different combinations of the distance and GDP variables and for each 
quartile of firm productivity levels.  The results of the estimation of (11) using 
ordinary least squares are shown in Table 8. 

Rank in market entry order

(OLS) (OLS) (OLS) (OLS) (OLS) (OLS) (OLS) (OLS)

  Distance 6.378*** 6.692*** 26.715*** 4.087*** 5.233*** 4.690*** 8.148***
(59.26) (64.23) (11.56) (26.69) (27.54) (25.41) (35.05)

  GDP -3.433*** -3.629*** 2.207***
(-38.64) (-41.25) (3.56)

  Distance·GDP -0.712***
(-8.85)

  Productivity
  quartile 1st 2nd 3rd 4th

  Number of
  observations 26,982 26,982 26,982 26,982 5,325 6,843 6,380 8,434

  Note: t -statistics in parentheses; robust standard errors; * significant at 10% level, ** significant at 5% level, *** significant at 1% level  

Table 8.  Distance and market size coefficients for the ranks of markets in terms of 
the order of entry. 

The results in Table 8 are consistent with the prediction made in Proposition 3: 
more distant markets are indeed entered later in the order of entry.  The coefficient 
on distance is positive and is highly significant for all specifications of the model, 
whether or not destination GDP is controlled for or the interaction term is included.  
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The results also hold for each productivity quartile.  Overall, these results strongly 
support the prediction made in Proposition 3. 

6 Conclusion 

Experience in exporting has been shown to reduce the costs of entering further 
export markets.  By integrating this observation into an otherwise standard trade 
model, this paper offers a simple framework for understanding the strategic 
decision made by a firm that is planning to begin exporting and has several 
potential export markets.  The model generates a diversity of export expansion 
strategies through a simple and intuitive mechanism based on the costs of entry to 
new export markets. 

The model produces novel and intuitive predictions about the relationships 
between firm characteristics and the types of export entry pattern employed.  In 
particular, more productive firms are predicted to enter new export destinations at a 
faster rate and to enter larger markets earlier and smaller markets later.  In addition, 
firms generally enter nearer markets first and then expand to progressively more 
distant markets.  These predictions are tested and confirmed using a firm-level 
panel of Swedish manufacturing data from 1997 to 2007. 

The learning mechanism proposed in this paper, in which the fixed cost of 
entering a new export market is reduced by experience in setting up export 
operations, is powerful in explaining the export expansion patterns of Swedish 
firms.  In particular, the model offers an intuitive explanation for the timing of 
entry to export markets and for the orders of market entry, as reflected in the 
predictions outlined above.  Importantly, the effect of productivity on the order of 
entry, identified in the empirical tests of Proposition 2, suggests that the learning 
effect is relevant.  If firms did not gain from the experience of exporting, then it 
would be difficult to explain entry patterns in which lower productivity firms begin 
by exporting to smaller markets and progress to larger markets whereas higher 
productivity firms do the opposite.  Furthermore, the learning mechanism explains 
part of the variation in the orders of entry in the Swedish data. 

Entry into new export markets is naturally associated with a measure of 
uncertainty, a feature that would ideally be included in a more complete model.  
The mechanism included in Nguyen (2011), Eaton, Eslava, Krizan, Kugler, and 
Tybout (2011), and Albornoz, Calvo Pardo, Corcos, and Ornelas (2012), in which 
firms may enter some markets to test their exporting profitability before deciding 
whether to expand further, is a reasonable and intuitive treatment of exporting 
uncertainty.  It would be possible to expand the model presented here to include 
such an uncertainty mechanism, though the predictions presented above would 
continue to hold.  It is doubtful, however, whether such an extension would 
generate any predictions beyond those contained in the current paper and those 
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cited above.  Nevertheless, as both the learning mechanism presented here and the 
uncertainty mechanism are intuitive and have empirical support, a more 
comprehensive model of export market expansion would include both mechanisms. 
Furthermore, the tendency for firms to enter markets similar to their existing export 
destinations identified in Morales, Sheu, and Zahler (2011) and Chaney (2011) 
suggests a directionality in learning between markets that would also be a desirable 
feature of a more detailed model. 

The results presented in this paper have potential implications for the design of 
policy.  In particular, the possibility of exporting experience at the country level 
being relevant to the ease of entry to subsequent markets suggests that trade 
facilitation may have a greater return if conducted in countries that are smaller and 
nearer to the home market, as these markets are easier to enter for firms close to the 
productivity threshold for exporting.  If the fixed costs of entering further markets 
are thereby decreased, then these firms may go on to enter markets that would not 
otherwise have been profitable.  When the market for which exports are promoted 
is small relative to the markets subsequently entered, the overall return may be 
higher for any given level of investment in export promotion. 
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Appendix 1 

Over each dimension k, competencies in kθ  that have previously been adapted for 
are distributed around the unit circle as independent, ( )1,0U  random variables.  The 
next value to be adapted for, k

iη , is then drawn from a ( )1,0U  random variable.  As 
the continuum is a circle, the shortest distance from k

iη  to each component of kθ  is 
distributed as a ( )21,0U  random variable.  As the components of kθ  are 
independent and uniformly distributed, the distance between k

iη  and each 
component of kθ  has the same distribution as the distance between zero and each 
component of kθ .  Where n markets have previously been entered, the cumulative 
distribution function of the distance from k

iη  to the nearest component of kθ  is: 
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The probability density function is therefore: 

( ) ( ) 1212 −−= nznzg  

Over the continuum of K dimensions of adaptation, the aggregate distance of 
adaptation is proportional to the expected value of Z: 
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Appendix 2 

This appendix demonstrates formally the implications of the three necessary and 
sufficient conditions on the functional form of ( )ti

X nsf , .  To begin with, the net 
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profit from market i within the strategy characterised by t is separated from the 
strategy payoff (6): 
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Equation (12) is the net profit that the firm gains from market i.  This should, 
however, be interpreted with caution, as the contribution that exporting to market i 
makes to aggregate net profit should also take account of the reductions in the fixed 
costs of entering further markets. 

Condition 1 
The first condition is that the fixed cost of entry function be increasing in market 
size and non-increasing per unit of market size, so that 0>X

sf  and sff XX
s ≤ .  

Dividing (12) by the market size is  yields: 
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The partial derivative of (12) in terms of market size is  is: 
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Combining (13) and (14) yields: 
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The right hand side of (15) is nonnegative because of the condition that the 
fixed cost function exhibit nonnegative economies of scale, or sff XX

s ≤ .  It 
follows that whenever the net exporting profit iπ  is positive, ii s∂∂π  is positive 
(strictly provided a market of zero size would yield negative profit).  Net exporting 
profit is therefore increasing in market size. 
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Condition 2 
The second condition is that the fixed cost of entry function be decreasing in the 
number of markets entered, so that 0<X

nf .  The partial derivative of (12) in terms 
of the period of entry it  is: 
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The sign of ( ) iπβln  is negative when market i is profitable, which reflects 
discounting when entry to the market is delayed.  The expression inside the square 
brackets in (16) is weakly negative, as the fixed entry costs are strictly decreasing 
if associated with prior entry to more markets but constant if no other markets are 
entered.  The trade-off between these two factors determines the net benefit of 
delaying entry.  If the fixed entry cost were not reduced by experience, so 

( ) 0, =tti
X dnnsdf , then the expression in the square brackets in (16) would be 

zero and the overall benefit of delaying entry, ii t∂∂π , would be strictly negative 
for 0>iπ .  Then it would never be optimal to delay entry and firms would simply 
enter all profitable export markets immediately. 

Condition 3 
The third condition is that the reductions in the fixed costs from experience be 
larger for larger markets, so that 0<X

snf .  Consider two export markets i and j, for 
which ij ss > .  Consider two strategies, a and b, which are identical except that the 

entry times to markets i and j are reversed, such that b
j

a
i

b
i

a
j tttt =<= .  The 

difference in payoffs between these two strategies comes directly from (12): 
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If 0=X
snf , then (17) simplifies to: 
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The relative sizes of and distances to markets i and j are parameters, so the 
difference between ii sφ  and jj sφ  has the same sign for all firms.  The sign of (18) 
is therefore identical for all firms, so all enter markets i and j in the same order.  If 

0<X
snf , then (17) can be signed as follows: 
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If iijj ss φφ ≤ , then (19) is strictly negative and strategy b is trivially preferred by 
all firms, as entering the smaller market first implies lower overall fixed entry costs 
and higher overall exporting revenues.  If iijj ss φφ > , then the sign of (19) depends 

on the parameters and firm productivity: for σ−1a  above some threshold it is 
positive and vice versa.  Therefore, firms enter the two markets in different orders 
depending on their productivity.  However, this is only possible if the cross-
derivative on the fixed cost function is negative, so 0<X

snf . 

Appendix 3 

Proof of Proposition 1 

As demonstrated in Figure 1, the aggressiveness level ∑ =
=

m

i ii
t sA i

1
φβ  of the 

optimal strategy is weakly increasing in firm productivity.  Where all markets 
concerned are of positive size, are finitely costly to transport goods to, and are 
entered within finite time, the effect on A of entering market i earlier, so 01

ii tt < , is 

to increase A by [ ] 0
01

>− ii
tt sii φββ .  The same reasoning applies to all markets, so 

A is decreasing in the number of periods it takes to enter a given set of markets.  As 
firm productivity levels are weakly increasing in the aggressiveness levels of the 
strategies they adopt, the time taken to enter a given set of markets must be weakly 
decreasing in firm productivity. 
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Proof of Proposition 2 
Consider two potential export destinations, i and j, with ij ss > .  Consider two 
strategies, a and b, that involve entering markets i and j in opposite orders but are 
otherwise identical in terms of the markets entered and the timing of entry.  
Strategy a involves entering the larger market first and strategy b involves entering 
the smaller market first, so b

j
a
i

b
i

a
j tttt =<= .  The difference between the combined 

net profits from markets i and j under the two strategies is: 
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The term defining the difference between the fixed costs of entry in (20), 
denoted Ω, is strictly positive due to the inequalities 

a
i

a
j tt ββ >  and 
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X nsfnsfnsfnsf ,,,, −≥− .  Now it is easiest to consider two 

cases separately.  In the first case iijj ss φφ ≤ , which makes it straightforward to 
sign (20): 
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The difference between the strategy payoffs is strictly negative for all 
productivity levels, so for this pair of markets strategy a cannot be optimal for any 
firm.  Therefore, all firms enter these two markets in the same order: the smaller, 
nearer market i first then market j.  In the second case iijj ss φφ > , so the 
components of (20) can be signed as: 
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The sign of (22) depends on the parameters and on firm productivity.  The 
multiplier on σ−1a  in (22) is strictly positive, so if the parameters are such that each 
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strategy is optimal for some firms, then strategy a must be optimal for firms above 
some productivity threshold and strategy b optimal for all firms below the 
threshold. 

Proof of Proposition 3 
Suppose that there is a monotonically increasing relationship between distance and 
the cost of transporting goods.  The partial derivative of the net profit from market i 
(12) in terms of the transport cost parameter iφ  is: 
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The right hand side of (23) is strictly positive for any σ−1a , reflecting that the 
net profit from an export market is strictly decreasing in the distance to that market.  
All else equal, due to discounting it is optimal to enter the more profitable market 
first, so among markets of identical size it is optimal to enter the nearest market 
earlier than the more distant markets. 

Appendix 4 

The industry-by-industry productivity coefficients from the regressions run on 
equation (7) are displayed in Table 9.  These are analogous to the results displayed 
in Table 3, but from separate regressions run on the firms from each individual 
industry. 

The productivity coefficients displayed in Table 9 are negative and significant 
for most industries, consistent with the prediction made in Proposition 1.  The 
productivity coefficient for the combination of all industries is negative and 
significant whether or not industry fixed effects are used.  However, the magnitude 
of the coefficient is only consistent with those for the individual industries if 
industry fixed effect are included, because of between-industry differences in the 
magnitudes of estimated productivity levels.  This implies that it is appropriate to 
use industry fixed effects when comparing firms from different industries. 
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Productivity coefficient
Industry Second and

code Industry First market later markets All markets

(Poisson) (Poisson) (Poisson)

20 Wood, cork, and cane products -0.305* -0.591** -0.593***
excluding furniture (-1.69) (-2.53) (-3.38)

[203] [1,029] [1,232]

21 Pulp and paper -0.382 -0.645** -0.640***
(-1.36) (-2.30) (-2.76)

[59] [1,068] [1,127]

22 Publishing; graphic and recorded -0.513** -0.419*** -0.472***
media (-2.47) (-2.98) (-3.61)

[221] [985] [1,206]

24 Chemicals and chemical products -0.607** -0.476** -0.481**
(-2.08) (-1.99) (-2.10)
[111] [2,303] [2,414]

25 Rubber and plastic products -1.052* -0.477** -0.537**
(-1.83) (-2.02) (-2.34)
[153] [2,166] [2,319]

26 Non-metallic mineral products -0.465 -0.467 -0.511
(-1.06) (-1.29) (-1.49)

[73] [566] [639]

27 Steel and metal production -1.190*** -0.473* -0.542*
(-2.79) (-1.75) (-1.92)

[82] [1,217] [1,299]

28 Metal products excluding -0.687*** -0.821*** -0.887***
machinery and equipment (-3.05) (-4.35) (-4.74)

[478] [2,716] [3,194]

29 Machinery not included in -0.485*** -0.612*** -0.637***
other categories (-2.86) (-6.80) (-7.16)

[334] [5,744] [6,078]

31 Other electrical machinery -0.040 -0.416*** -0.408**
and products (-0.18) (-2.62) (-2.50)

[135] [1,955] [2,090]

32 Telecommunications products -0.010 -0.724*** -0.611***
(-0.07) (-4.23) (-4.22)

[74] [943] [1,017]

33 Precision instruments, medical -0.639*** -0.434*** -0.550***
and optical instruments, clocks (-3.99) (-2.86) (-3.80)

[84] [1,766] [1,850]

34 Motor vehicles, trailers, -0.069 -0.247 -0.235
semitrailers (-0.27) (-1.26) (-1.24)

[79] [683] [762]

35 Other transport equipment 0.277 -0.172 -0.142
(1.36) (-1.32) (-1.13)
[49] [431] [480]

36 Furniture, other manufacturing -0.511* -0.318 -0.421*
(-1.93) (-1.36) (-1.78)
[116] [928] [1,044]

37 Recycling 0.032 -0.779*** -0.648***
(0.05) (-3.19) (-3.12)
[43] [188] [231]

All -0.168*** -0.288*** -0.290***
(-2.68) (-7.46) (-7.72)
[2,294] [24,688] [26,982]

All with industry fixed effects -0.381*** -0.471*** -0.501***
(-5.42) (-7.31) (-8.17)
[2,294] [24,688] [26,982]

  Note: t -statistics in parentheses; numbers of observations in square parentheses; robust standard errors;
     * significant at 10% level, ** significant at 5% level, *** significant at 1% level  

Table 9.  Productivity coefficients for the delay before the commencement of 
exporting and between entry times to all consecutive pairs of markets, for firms in 

each manufacturing industry. 
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Appendix 5 

This appendix presents robustness checks for the empirical tests of the propositions 
conducted above.  To begin with, the fundamental criterion for the definition of a 
‘new’ firm is that it not appear in the first year of the data.  One potential problem 
is the possibility of some firms being temporarily inactive in 1997 and thus 
misclassified as being ‘new’.  Another is the potential for selection bias resulting 
from the short period of time for which firms formed in the last years of the panel 
are observed.  To check for these possibilities, Table 3 is reproduced using several 
alternative definitions of ‘new’ firms, with the results displayed in Table 10.  The 
assumptions used are as follows: column 1 uses year of formation fixed effects; 
columns 2 through 7 vary the latest year of formation; column 8 uses the same 
assumptions as in Table 3; and columns 9 through 12 vary the earliest year of 
formation. 

Delay before Productivity coefficients
entry to (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

First market -0.349*** -0.486*** -0.470*** -0.390*** -0.374*** -0.347*** -0.351*** -0.381*** -0.355*** -0.295*** -0.237*** -0.230***
(-5.01) (-4.89) (-5.07) (-4.50) (-4.76) (-4.81) (-4.96) (-5.42) (-4.65) (-4.12) (-2.88) (-2.62)

Second and -0.465*** -0.552*** -0.537*** -0.430*** -0.461*** -0.463*** -0.463*** -0.471*** -0.429*** -0.397*** -0.358*** -0.415***
later markets (-7.31) (-8.05) (-8.14) (-6.02) (-6.68) (-7.01) (-7.18) (-7.31) (-6.96) (-5.76) (-5.12) (-5.56)

All markets -0.499*** -0.593*** -0.578*** -0.469*** -0.495*** -0.493*** -0.492*** -0.501*** -0.459*** -0.416*** -0.373*** -0.413***
(-8.12) (-8.95) (-9.21) (-6.73) (-7.46) (-7.83) (-8.01) (-8.17) (-8.00) (-6.70) (-5.72) (-5.94)

Minimum YOF 1998 1998 1998 1998 1998 1998 1998 1998 1999 2000 2001 2002
Maximum YOF 2007 2001 2002 2003 2004 2005 2006 2007 2007 2007 2007 2007

YOF fixed effects? Yes No No No No No No No No No No No

Numbers of 2,294 1,263 1,494 1,715 1,922 2,069 2,191 2,294 1,955 1,607 1,307 1,031
observations 24,688 16,674 18,790 20,389 22,404 23,301 23,971 24,688 20,559 16,152 11,988 8,014

26,982 17,937 20,284 22,104 24,326 25,370 26,162 26,982 22,514 17,759 13,295 9,045
  Note: t -statistics in parentheses; robust standard errors, clustered by firm; * significant at 10% level, ** significant at 5% level, *** significant at 1% level  

Table 10.  Reproduction of Table 3 with year of formation fixed effects and with 
the sample restricted to various minimum and maximum years of formation. 

The results displayed in Table 10 support the results displayed in Table 3.  The 
coefficients are consistently negative and significant, in line with the theory, for all 
specifications, and do not vary widely in magnitude.  The only substantial 
difference is that when fewer years of formation are used, the smaller sample size 
reduces the power of the tests. 

Table 11 gives the results for robustness checks on the empirical tests of 
Proposition 2.  The table reproduces the productivity coefficients on entry to at 
least one neighbouring EU market before entry to each large EU market from 
Table 6 using various alternative assumptions.  Analogous exercises for the other 
empirical tests yield similar results.  The assumptions used in Table 11 are as 
follows: column 1 uses the same assumptions as in Table 6; columns 2 and 3 
estimate the same coefficients using a probit model and ordinary least squares, 
respectively; columns 4 through 7 put various lower limits on export amounts and 
durations; columns 8 and 9 vary the year in which productivity is measured; and 
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columns 10 through 12 use value added per worker, OLS, and the Olley and Pakes 
(1996) method to estimate productivity. 

Large EU Productivity coefficient
market (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Germany -0.361** -0.222** -0.052** -0.391** -0.395* -0.834*** -0.417 -0.357** -0.727*** -0.160 0.037 -1.318*
(-2.23) (-2.33) (-2.13) (-2.39) (-1.89) (-2.90) (-1.63) (-2.03) (-2.91) (-1.25) (0.24) (-1.82)
[784] [784] [784] [750] [646] [369] [436] [475] [322] [1,181] [1,155] [603]

France -0.637** -0.369*** -0.112*** -0.482* -0.710** -0.815* -1.037*** -0.495*** -1.004*** -0.376** -0.264* -2.889***
(-2.33) (-2.63) (-2.80) (-1.95) (-2.19) (-1.77) (-2.96) (-2.79) (-3.34) (-2.56) (-1.66) (-3.39)
[583] [583] [583] [544] [435] [241] [306] [353] [249] [868] [847] [412]

United Kingdom -0.430** -0.258** -0.072** -0.454** -0.262 -0.281 -0.387 -0.176 -0.389 -0.156 0.043 -1.093
(-2.32) (-2.37) (-2.32) (-2.31) (-1.22) (-1.03) (-1.22) (-0.97) (-1.40) (-1.17) (0.27) (-1.15)
[680] [680] [680] [645] [567] [321] [376] [420] [290] [1,031] [1,005] [531]

Italy -0.653*** -0.395*** -0.126*** -0.704** -0.784* -0.343 -1.036*** -0.523** -1.110*** -0.366** -0.187 -1.603*
(-2.72) (-2.87) (-2.80) (-2.28) (-1.95) (-0.92) (-2.69) (-2.29) (-3.56) (-2.48) (-1.18) (-1.82)
[512] [512] [516] [477] [406] [189] [272] [319] [228] [754] [742] [370]

Spain -0.645** -0.379** -0.129*** -0.590** -0.645* -1.728*** -1.164*** -0.572*** -1.321*** -0.441*** -0.329** -2.941***
(-2.27) (-2.56) (-2.65) (-1.96) (-1.93) (-3.52) (-2.94) (-3.09) (-3.55) (-2.85) (-2.13) (-3.33)
[516] [516] [516] [471] [356] [186] [254] [317] [214] [755] [738] [363]

Netherlands -0.495*** -0.297*** -0.089** -0.505*** -0.391* -0.845** -0.860*** -0.162 -0.445* -0.256** -0.105 -1.654**
(-2.61) (-2.61) (-2.50) (-2.58) (-1.79) (-2.11) (-2.61) (-0.91) (-1.84) (-2.00) (-0.71) (-2.15)
[603] [603] [603] [561] [458] [227] [321] [375] [259] [915] [897] [464]

Belgium -0.639*** -0.383*** -0.112*** -0.416* -0.710*** -1.127*** -0.735* -0.232 -0.668** -0.527*** -0.331* -3.147***
(-2.73) (-2.76) (-2.67) (-1.84) (-2.66) (-3.15) (-1.80) (-1.16) (-2.33) (-3.45) (-1.94) (-3.15)
[504] [504] [504] [464] [349] [180] [238] [308] [226] [764] [748] [365]

Poland -0.168 -0.103 -0.037 -0.180 -0.191 -0.372 -0.055 -0.242 -0.263 -0.051 0.195 -1.612**
(-0.91) (-0.90) (-0.91) (-0.92) (-0.87) (-1.33) (-0.18) (-1.19) (-0.96) (-0.43) (1.38) (-2.40)
[645] [645] [645] [558] [406] [195] [286] [404] [294] [944] [923] [474]

Austria -0.207 -0.133 -0.045 -0.370 -0.439 -0.513 -0.596* -0.516** -0.745* -0.104 0.004 -1.742**
(-1.01) (-1.09) (-1.01) (-1.47) (-1.38) (-0.95) (-1.77) (-2.04) (-1.86) (-0.72) (0.03) (-2.22)
[431] [431] [431] [383] [277] [119] [215] [265] [184] [652] [639] [313]

Greece -0.385 -0.222 -0.082 -0.179 0.221 -1.201 -0.558 -1.141** -1.157** -0.095 0.076 -1.542*
(-1.12) (-1.25) (-1.21) (-0.70) (0.77) (-1.56) (-1.01) (-2.47) (-2.51) (-0.55) (0.42) (-1.73)
[273] [273] [275] [247] [166] [66] [133] [167] [123] [399] [391] [194]

Regression technique Logit Probit OLS Logit Logit Logit Logit Logit Logit Logit Logit Logit

Minimum export size - - - 10000 100000 1000000 - - - - - -

Minimum export duration - - - - - - 3 years - - - - -

Year of operation for firm 
productivity First First First First First First First Third 2000 First First First

Productivity estimation 
technique

Levinsohn-
Petrin

Levinsohn-
Petrin

Levinsohn-
Petrin

Levinsohn-
Petrin

Levinsohn-
Petrin

Levinsohn-
Petrin

Levinsohn-
Petrin

Levinsohn-
Petrin

Levinsohn-
Petrin

Value added 
per worker OLS Olley-Pakes

  Note: t -statistics in parentheses; numbers of observations in square parentheses; robust standard errors; * significant at 10% level, ** significant at 5% level, *** significant at 1% level  

Table 11.  Reproduction of the first column of Table 6 using various alternative 
assumptions. 

The results in Table 11 show that each of the alternative assumptions produces 
results similar to those produced in Table 6.  The use of either a probit model or 
ordinary least squares produces results that are qualitatively similar, so the results 
appear not to be driven by a restriction implied by the use of the logistic model.  
Setting minimum amounts on exports removes potentially noisy small exports and 
leads to smaller sample sizes, which reduces the power of the tests but has no 
obvious effect on the magnitudes of the coefficients.  Similarly, restricting the 
sample to exports that continue uninterrupted for at least three years has no 
discernible effects on the magnitudes of the coefficients.  In any case this may not 
be an appropriate restriction, as an ongoing exporting relationship may 
nevertheless not involve shipments each year. 

The alternative productivity assumptions do not qualitatively change the results, 
besides reducing the sample size.  The results are not changed by using the 
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productivity estimate from the firm’s third year of operation, which captures some 
of the firm’s development in the first years that it operates, or using the estimate for 
2000, an arbitrarily-chosen year.  Finally, the results are qualitatively similar when 
using value added per worker, OLS, or Olley-Pakes estimates of productivity, 
suggesting that the results are not simply a product of idiosyncrasies of the 
Levinsohn-Petrin method of estimating productivity. 

Appendix 6 

Restricting attention to two possible export markets, there are six feasibly optimal 
strategies: (1) do not export; (2) export to the smaller market only; (3) export to the 
larger market only; (4) export first to the smaller market then to the larger market; 
(5) export first to the larger market then to the smaller market; or (6) begin 
exporting to both markets immediately.  According to the theory explained above, 
these strategies are ordered from least to most aggressive and therefore employed 
by increasingly productive firms, with the exception of strategies 3 and 4 as the 
ordering of these is ambiguous.  This appendix extends the empirical tests of 
Proposition 2 to a comparison between each pair of these six strategies for one 
particular pair of export markets: Canada and the United States. 

The approach used here is to test, using the logistic regression model in (9), the 
choice of each strategy against each of the lower-numbered (generally less 
aggressive) alternatives.  In each case, the sample is limited to those firms that 
adopt one of the two strategies in question.  The results of these regressions are 
displayed in Table 12.  Here the choices being tested for are each of a more 
aggressive strategy over a less aggressive strategy, so the theory predicts positive 
productivity coefficients (with the exception of the choice between strategies 3 and 
4, for which the theory does not provide a definite prediction). 

Most of the productivity coefficients in Table 12 are positive and several are 
significant, supporting the ordering of strategies implied by the theory.  Of the non-
significant productivity coefficients, one relates to the choice between strategies 3 
and 4 that is ambiguous in the model.  In general, the more aggressive strategies 
are employed by more productive firms.  This relationship is also apparent from the 
productivity distributions of the firms that employ the different strategies.  The 
cumulative density functions of firms that employ each of the six strategies are 
plotted in Figure 4, with average productivity levels weighted to correct for inter-
industry differences in productivity. 

Figure 4 makes clear that, for most pairs of strategies, firms that adopt the more 
aggressive strategies are generally more productive.  However, what is striking in 
Figure 4 is that these relationships hold for wide ranges of productivity quantiles.  
On the other hand, there is no strict sorting of firms into strategies by productivity 
level, as all of the distributions overlap. 
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Alternative Productivity coefficient for choice of:
strategy Strategy 2 Strategy 3 Strategy 4 Strategy 5 Strategy 6

Strategy 1 0.456 0.272* 0.097 1.403*** 1.870***
(0.80) (1.84) (0.23) (4.87) (6.48)
[2,251] [2,886] [2,309] [2,429] [2,503]

Strategy 2 -0.120 -0.468 0.813* 0.990***
(-0.41) (-0.77) (1.94) (2.64)
[565] [73] [192] [260]

Strategy 3 -0.064 0.662*** 0.897***
(-0.31) (3.49) (3.96)
[591] [711] [785]

Strategy 4 1.123*** 1.217***
(2.87) (3.44)
[196] [270]

Strategy 5 0.380
(1.58)
[390]

  Note: t -statistics in parentheses; numbers of observations in square parentheses;
     robust standard errors; * significant at 10% level, ** significant at 5% level,
     *** significant at 1% level  

Table 12.  Productivity coefficients for the choices between pairs of potential 
strategies. 

 

Figure 4.  Cumulative density functions of firm productivity levels for the six 
potential strategies. 
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Chapter 4 

Airports and the Production of Goods 
and Services* 
1 Introduction 

The aviation industry is dependent for its operation on an extensive network of 
airports that host takeoffs and landings, the storage and maintenance of aircraft, 
and the transition of passengers to other modes of transport.  These airports are 
costly to construct and the land they occupy implies a sizeable opportunity cost.1  
Airport development is often financed by public funds and arguments made for the 
expansion of airport capacity regularly cite the effects on local firms, suggesting at 
least a perceived public interest in the quality of local air connections.  However, 
due mainly to the difficulty in solving the obvious endogeneity problem that results 
from airports being developed in response to growth, the effects of an airport on 
the wider economy have not been reliably quantified. 

                                                      
* The author thanks Anders Akerman, Gilles Duranton, Rikard Forslid, Russell Hillberry, Sarah 
Miller, Daniel Sturm, and seminar participants at the University of Alberta and the 2012 Canadian 
Economics Association Annual Conference for helpful comments and suggestions.  Special thanks to 
Sergiy Protsiv for assistance with GIS software.  Any remaining errors are my own. 
1 The replacement value of the current stock of airports is difficult to estimate, as most large airports 
are old facilities that have been developed gradually over several decades.  However, the example of 
the Denver International Airport, opened in 1995 and the only major airport in the US to be 
constructed from scratch in recent years, gives some impression of the magnitude of the value of 
existing facilities.  The airport cost $4.8 billion to construct, $4.4 billion of which came from public 
funds (General Accounting Office, 1995).  The costs of constructing the proposed new London airport 
in the Thames Estuary, including the rail link to the city, are currently estimated at £50 billion 
(Thames Hub Team, 2011). 



84 Chapter 4. Airports and the Production of Goods and Services 

This paper estimates the effect of improved passenger air connections on 
employment in the manufacturing and service sectors within a metropolitan area.  
Sectoral employment is a fundamental outcome variable, as it reflects the 
importance of the air connection for attracting productive activity in particular 
industries and consequently for overall local employment.  The measurement of 
these effects is important for the design of policies related to airport construction 
and improvement, but also contributes to a broader question about the effects of 
infrastructure improvements.  The analysis is conducted for metropolitan areas in 
the United States of America (henceforth the “US”) using an instrumental variables 
approach to address the endogeneity problem arising from air traffic potentially 
being driven by activity in the relevant sectors.  Improved air connections are 
found to have a positive effect on employment in tradable services and a negative 
effect on employment in manufacturing.  The negative effect on manufacturing is 
interpreted as being due to the substitution of factors to the production of tradable 
services.  There is no measurable effect on employment in non-tradable services. 

Understanding the effects of infrastructure improvements is central to the design 
of public policy.  The example of airport improvements is relevant to the effects of 
infrastructure in a general sense, as better air connections allow easier access to 
other locations, as well as to the particular case of accessibility via air travel.  In 
particular, as air travel is generally the fastest mode of transport over long 
distances, better air connections reflect a type of accessibility that prioritises the 
speed of access.  Furthermore, airports, including their navigation and maintenance 
facilities, represent practically all of the fixed infrastructure required for air travel, 
little being required along the routes.2  This is in contrast to surface-based modes 
that use infrastructure such as roads, bridges, and canals on the links of their 
networks, as well as stations, ports, and storage facilities at the nodes.  An analysis 
of airports therefore represents a practically comprehensive treatment of air travel 
infrastructure. 

The global air travel industry is subject to widespread regulation as well as 
public ownership and management of facilities and airlines, apparently reflecting a 
public interest in its operation.  In terms of the operation of flights, the domestic 
market in the US was deregulated in 1978, but many countries still feature state-
owned national airlines, and the opening of international routes to competition is a 
gradual and ongoing process.  The operation of facilities, however, exhibits a 
higher degree of public involvement.  Airports are often established and expanded 
as an initiative of local and national governments, or at least with their 

                                                      
2 This was not always the case.  In the early days of flight, regularly-operated routes or “airways” 
were marked with light and then radio beacons and lined with emergency landing fields (Komons, 
1978).  Modern navigation technology, the greater reliability of aircraft, and the overall prevalence of 
airfields made these facilities obsolete by the early 1990s (Bilstein, 2001). 
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participation.3  In North America, public ownership and management of airports is 
the norm.4  Though the demand for air travel can induce airport construction as a 
private enterprise, the participation of governments in airport improvements 
suggests concern about the effects of air travel on other parts of the economy. 

Airport improvements are usually intended to increase capacity or to make 
travel to or from the airport more convenient.  Often these aims coincide, as higher-
capacity airports normally host more frequent flights to a wider range of 
destinations, provide non-stop flights to more distant destinations, have better 
ground transport links with nearby communities, and offer more amenities.  These 
aims are therefore well reflected in the number of departures, which is used here as 
the measure of the quality of air connections.  The actual policy may function by 
expanding the physical size of the airport, but due to the costs of acquiring land and 
constructing runways and terminals this normally implies the loosening of a 
constraint on capacity, with the predictable result of an increase in traffic.  Airport 
improvements may also be part of efforts to persuade airlines to operate flights to 
and from the airport, particularly as a hub of operations.  The effects of 
infrastructure improvements are therefore interpreted in terms of their effects on air 
traffic, which in turn reflects air connections. 

The effect of air travel infrastructure estimated in this paper is that of improved 
air transport connections on local employment in the manufacturing and service 
industries.  To estimate these effects it is necessary to address the endogeneity 
problem that results from air traffic adjusting in response to growth.  The approach 
used here is to instrument for the current sizes of airports using the 1944 National 
Airport Plan of the Civil Aeronautics Administration, the first national plan for the 
US airport network to come into effect.  The 1944 Plan explains a significant 
amount of the variation in the present-day distribution of airports across 
metropolitan areas but is exogenous to other determinants of the distribution of 
industry-level employment.  The 1944 Plan greatly influenced the subsequent 
development of airports as, since the Civil Aeronautics Act of 1938, inclusion in 
the most recent version of the national plan has been a prerequisite for federal 
funds to be applied to the construction or expansion of an airport.  The persistence 
of sites developed decades ago was ensured by the high costs of acquiring land to 

                                                      
3 Since the Civil Aeronautics Act was adopted in 1938, the development of US airports deemed 
necessary to the national air network has been funded by the federal government to up to half of the 
costs of construction.  This is in addition to state and municipal funding.  Similar levels of public 
funding of projects are common across countries. 
4 In the US, most commercial airports are owned and operated by municipal governments or local 
public authorities, such as the Port Authority of New York and New Jersey that manages the airports 
in the New York City area.  In Canada, most commercial airports are owned by Transport Canada, 
though many are operated by private entities. 
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expand present airports or to construct alternative sites.  Though later airport 
development naturally depended on demand from individuals and firms, the 1944 
Plan had a lasting effect, and its distribution of airports is otherwise uncorrelated 
with the current distribution of industrial sectors. 

The analysis in this paper uses data from metropolitan areas in the contiguous 
mainland of the US (the District of Columbia and all states excluding Alaska and 
Hawaii).  The use of data from the US has several distinct advantages over other 
potential candidates.  Firstly, it is a single political entity with relatively 
homogeneous institutions and culture, rather than a collection of small, 
independent states.  Secondly, the US has several national airlines with a high 
degree of overlap in their geographical coverage, notwithstanding a number of 
‘fortress’ hubs that are dominated by single airlines, and there is competition on all 
major domestic and international routes.  Thirdly, the availability of alternative 
modes of transport is relatively homogeneous over the land mass.  Although 
locations near the coasts and the Great Lakes have particular access to sea 
transport, a national highway network and secondary roads connect settlements 
reasonably evenly across the country and few metropolitan areas are separated by 
bodies of water.  Fourthly, it is a large economy with many metropolitan areas, 
providing more data points than other areas that are comparable in terms of the first 
three factors. 

The effects of air connections on employment are estimated for three broadly-
defined industries: tradable services, manufacturing, and non-tradable services.  
Appendix 1 lists the 2-digit NAICS industries included in each of these categories.  
Tradable services are generally able to be ‘shipped’ from one location to another, 
in the sense that they may be consumed in different locations from those in which 
they are produced: a process that sometimes involves the producers of these 
services travelling by air.  Manufacturing involves the production of goods that are 
also often shipped some distance to the final consumer, though these goods are 
predominantly delivered by some mode of surface transportation rather than by air.  
Non-tradable services involve tasks such as hairdressing that require the producer 
and consumer to be in the same location. 

The estimated effects on employment shares are as follows: an increase in air 
traffic to or from a metropolitan area has a positive and significant effect on 
tradable services, a negative and significant (though smaller) effect on 
manufacturing, and no measurable effect on non-tradable services.  The effect of a 
10% increase in the level of air traffic is to increase the proportion of the 
population employed in tradable services by around 0.25% (an elasticity of 0.10) 
and to decrease the proportion of the population employed in manufacturing by 
around 0.20% (an elasticity of -0.21).  The negative effect on manufacturing 
appears not to be a direct effect, as a larger airport is unlikely to be an obstacle to 
manufacturing.  The explanation offered here is that it reflects substitution of 
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employment to tradable services, the production of which is aided by the air 
connection.  An analysis of the relationship between air traffic and manufacturing 
shipments on metropolitan-area pairs supports this explanation.  As non-tradable 
services must be consumed in place, it is intuitive that their production be unrelated 
to air connections. 

The findings presented in this paper are specific to air travel but contribute to a 
broader literature about the importance of transportation infrastructure.  Research 
on this topic uses a variety of techniques to address the endogeneity problem 
associated with infrastructure development being related to past or anticipated 
development.  Recent studies on the effects of roads by Baum-Snow (2007), 
Michaels (2008), Duranton and Turner (2011; 2012), and Duranton, Morrow, and 
Turner (2011) use historical data including the 1947 federal highway plan to 
instrument for the current provision of roads, an approach similar to that employed 
in this paper.5  Of these, the exercise most closely related to the current paper is by 
Duranton, Morrow, and Turner (2011), who estimate the effect of metropolitan-
area highways on trade in manufactures.  They find a positive effect of highways 
on the weight but not the value of exports from a city, so that cities with more 
highways specialise in heavier industries.  Studies of the effects of railways have 
instead exploited variation in coverage during the expansion of the rail networks.  
Donaldson (2010) studies the effects of colonial-era railway development on the 
Indian subcontinent on trade and welfare.  Donaldson and Hornbeck (2011) analyse 
the historical development of US railways in the late nineteenth century and find a 
positive effect of railways on land values. 

More specifically, this paper contributes to the small literature on the effects of 
air transport infrastructure.  Brueckner (2003) estimates the effect of airports on 
overall and industry-specific employment growth in US metropolitan areas, using 
the status of the airports as airline hubs and geographical centrality to instrument 
for air traffic levels.  Consistent with the current paper, he finds a positive effect of 
airport size on service employment.  The exogeneity of the ‘hub’ instrument is 
questionable, however, as hub status is determined by an endogenous choice on the 
part of airlines, while the ‘centrality’ instrument is not strong.  Green (2007) also 
uses an instrumental variables approach and finds a positive effect of airports on 
growth, though the use of current airport size and industry-level employment 
measures as instruments for air traffic puts the validity of the approach into 
question. 

The current paper contributes to this literature in a number of ways.  Firstly, it 
uses an original type of historical data to instrument for the allocation of airports.  

                                                      
5 Each of these papers instruments using the 1947 federal highway plan except for Michaels (2008), 
who uses the 1944 federal highway plan.  Duranton and Turner (2011; 2012) and Duranton, Morrow, 
and Turner (2011) additionally use 1898 railways and 1528 to 1850 exploration routes as instruments. 
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The instrument appears to be a more reliable source of exogenous variation than 
what is obtained in previous studies.  Secondly, the instrument is more directly 
related to current airport size than are alternatives such as airport location and is 
therefore potentially stronger.  Thirdly, the analysis uses data from a far larger 
number of metropolitan areas than existing studies and so it represents a more 
comprehensive assessment of the effects of airports.  Fourthly, it includes a brief 
analysis of the relationship between air travel and manufacturing trade on specific 
routes, rather than being limited to the metropolitan-area level. 

The remainder of the paper is organised as follows: the model for the 
relationship between air travel and industry sizes is described in Section 2; the data 
are described in Section 3; the empirical analysis of the effect of airport size on 
local employment is presented in Section 4; and concluding remarks are presented 
in Section 5.  The appendices contain some definitions, the first-stage results, and 
further analysis of the relationship between air traffic and manufacturing 
shipments. 

2 Model 

The empirical tests of the effect of airport provision on industry shares are 
conducted by estimating a reduced-form system of two equations.  The first 
identifies the variation in the level of air traffic in 2007 that is explained by 
planned 1944 airports.  The second takes the estimated 2007 level of air traffic 
from the first step and relates this to employment shares.  The first-stage equation 
is the following: 

 mmXmAm XAa ,11944,2007, εββα +++=  (1) 

And the second-stage equation is: 

 i
mm

i
Xm

i
a

ii
m XaE ,22007, εββα +++=  (2) 

In equation (1), 2007,ma  is the (log) level of air traffic in metropolitan area m in 
2007, 1944,mA  is the (log) value of the proposed airports in metropolitan area m 
according to the 1944 National Airport Plan, mX  is a set of geographic and pre-
1944 demographic controls, and m,1ε  is an error term.   

In equation (2), i
mE  is the share of workers in metropolitan area m who are 

employed in industry i, 2007,ma  is the (log) level of air traffic in metropolitan area m 

in 2007 estimated in (1), mX  is the same set of controls as in (1), and i
m,2ε  is an 
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error term.  As the industry employment shares are given as proportions while the 
airport sizes are in natural logs, a 1% increase in the size of the airport leads to a 

i
aβ % change in the employment share.  This specification has the advantage of 

making the magnitudes of the effects comparable across industries. 
For the effect of air travel on employment to be identified by the system of 

equations (1) and (2), the following conditions must be satisfied: 

 0≠Aβ  (3) 

 ( ) 0, ,21944, =i
mmACorr ε  (4) 

The first of these is the relevance condition (3), which requires that the number 
of planned airports in 1944 explain a significant amount of the variation in the level 
of air traffic in 2007, given the controls.  This condition is tested for by running 
weak identification tests.  The second condition is the exogeneity condition or 
exclusion restriction (4), which requires that the number of planned airports effect 
employment only through airport size.  Though it is not feasible to test for this 
condition statistically, there are a number of reasons why the condition is likely to 
be satisfied, which are explained below. 

3 Data 

The empirical analysis in this paper uses a dataset constructed from several sources 
and aggregated by Core Based Statistical Area (CBSA).  The CBSAs are defined 
by the Office of Management and Budget as sets of counties.  According to the 
definition, each CBSA represents an urban core and surrounding areas with which 
it is highly integrated.  The November 2007 definitions are used and only those 
CBSAs in the continental US are included.  In total, 290 CBSAs are included in the 
sample.  A summary of the main variables in the data is given in Table 1. 

The data are from several sources.  The population statistics are from the 
decennial census conducted by the United States Census Bureau for each of the 
relevant years.  The locations and sizes of existing and proposed airports in 1944 
are from the National Airport Plan of that year authored by the Civil Aeronautics 
Administration.  The airport traffic levels in 2007 are from the T-100 segment data 
from the US Bureau of Transportation Statistics.  The employment figures are from 
the 2007 County Business Patterns. 



90 Chapter 4. Airports and the Production of Goods and Services 

Mean Std. dev. Minimum Maximum

  1940 population 286,934 861,417 4,745 11,950,188
  2010 population 801,264 1,761,394 17,398 18,897,084

  Number of existing airports in 1944 4.8 6.0 0 44
  Number of proposed airports in 1944 9.5 12.3 1 123

  Number of commercial airports in 2007 1.9 1.7 1 16
  Number of departing flights in 2007 33,319 81,968 1,003 633,633
  Number of departing passengers in 2007 2,568,941 7,299,818 1,898 56,404,489

  Manufacturing (31-33) employment 30,931 64,175 60 622,376
  Services (51-54, 56) employment 84,273 218,046 548 2,334,855
     Information services (51) employment 10,283 29,296 60 322,194
     Finance and insurance services (52) employment 19,435 52,072 134 633,580
     Real estate services (53) employment 6,557 16,991 60 183,952
     Professional-scientific-technical services (54) employment 24,498 68,841 115 680,488
     Administrative and support services (56) employment 23,500 55,356 45 514,641
  Other services (81) employment 15,288 34,371 191 364,122

  Total employment 324,889 733,184 4,643 7,671,171

  Note: 290 observations of each variable; employment figures are the numbers of employees during the week including
      March 12th, 2007  

Table 1.  Summary of the main variables in the dataset by CBSA. 

The employment data include CBSA-level figures for total employment and for 
employment in a selection of 2-digit North American Industry Classification 
System (NAICS) industries.  These industries are henceforth grouped and referred 
to as manufacturing (31-33), tradable services (51-54, 56), and non-tradable 
services (81).  The services classified as tradable include publishing, insurance, 
computer programming, and management, which can be delivered to locations 
remote from where they are produced.  In contrast, the ‘non-tradable’ services 
include hairdressing and beauty salons, parking lots, auto repair, and cleaners, 
which are either impossible or excessively costly to deliver to other locations.  A 
detailed list of the 2-digit NAICS industries included in each category is given in 
Appendix 1.  For a small proportion of CBSAs – no more than 2.0% for any 
industry by employment share – the employment figures are suppressed and 
instead a range of values is given.  In these cases the values are assumed to be at 
the midpoint of the range.  However, industry 55, “Management of companies and 
enterprises”, is not included in the analysis because of a substantially higher 
proportion of suppressed values. 

The geographical and climate data are from a variety of sources.  The location 
of a CBSA adjacent to the Pacific Ocean, the Atlantic Ocean, or one of the Great 
Lakes is read from the November 2007 map of CBSAs from the United States 
Census Bureau.  The elevation data, used to calculate the ‘elevation’ and 
‘ruggedness’ variables, are from the Global Positioning System.  The elevation 
variable is measured at the midpoint of the CBSA, defined as the mean location of 
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the 2010 population.  The ruggedness variable is calculated as the standard 
deviation of the elevations of an array of points including the midpoint and eight 
evenly-spaced points on each of two circles centred on the midpoint: one with a 
radius of three miles and the other with a radius of ten miles.  The annual heating 
and cooling degree days and the average wind speed for each CBSA are from the 
National Oceanic and Atmospheric Administration. 

The sample is restricted to CBSAs for which the relevant variables are defined, 
so each must have a commercial airport and employment data in the County 
Business Patterns.  The sample is further restricted to CBSAs that host at least 
1,000 annual departures, which excludes some smaller communities that are likely 
both to be serviced by better airports outside of the CBSA boundaries.  These 
excluded CBSAs also have fewer residents and therefore noisier figures for 
employment shares.  This leaves 290 CBSAs. 

 

Figure 1.  Map of the 290 CBSAs included in the sample (shaded) and the 
proposed airports in the 1944 National Airport Plan (marked with crosses, the sizes 

of which reflect the specified class of each airport). 

A map of the 290 CBSAs included in the sample as well as the proposed 
airports in the 1944 National Airport Plan is shown in Figure 1.  It can be seen 
from the map that the sample includes populated areas from all across the country.  
Indeed, the 290 CBSAs include parts of all 48 of the contiguous states and the 
District of Columbia.  Given the mean 2010 population of around 800,000, the 
sample includes approximately three quarters of the US population.  Employment 
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in the sectors included in the sample represents roughly 40% of total employment: 
9% in manufacturing (sectors 31-33), 26% in tradable services (sectors 51-54 and 
56), and 5% in non-tradable services (sector 81).6 

3.1 1944 National Airport Plan 

The empirical strategy used in this paper involves instrumenting for airport 
locations and sizes using the 1944 National Airport Plan of the Civil Aeronautics 
Administration (CAA).  This was an updated version of the original national plan 
devised by the CAA after the passing of the Civil Aeronautics Act in 1938.7  That 
bill removed the existing ban on the federal government providing funding for the 
construction and improvement of airports, established the CAA, and directed this 
new authority to propose a plan for the national air network.8  In order to receive 
federal funding, an airport was required to be in the most recently approved version 
of the plan, a condition that remains in effect to this day.  The first National Airport 
Plan, submitted to Congress in 1939, failed to gain approval for apparently political 
reasons.  However, as a compromise motivated by the exigencies of the war effort, 
a more limited program was then approved to develop a small number of facilities 
for military needs.9  The 1944 National Airport Plan was a revised version of the 
original plan and became the first to gain approval by Congress, being passed along 
with the Federal Airport Act in 1946.  Indeed the funding framework in the 1944 
National Airport Plan was largely instituted in the Federal Airport Act, which 

                                                      
6 The industries not analysed include primary industries, mining, utilities, wholesale and retail trade, 
education, and health care.  These industries are excluded in part because of large proportions of 
suppressed values and in part because their relationships to air travel are of limited interest. 
7 The agency founded in 1938 with the passing of the Civil Aeronautics Act was named the “Civil 
Aeronautics Authority”.  In 1940 the responsibilities of this agency were split between the newly-
formed Civil Aeronautics Administration (CAA) and Civil Aeronautics Board (CAB) (Bilstein, 
2001). 
8 The ban on federal funding of airports was instituted by the Air Commerce Act of 1926 (Wilson, 
1979). 
9 The 1939 plan was based on a survey conducted in 1938 and 1939 and proposed the development of 
4,000 facilities.  A bill approving $80 million for the 1939 plan passed the House of Representatives 
and seemed set to pass the Senate, but after details were leaked from the House Appropriations 
Committee the Senate committee received a large amount of mail from constituents requesting funds 
for their local areas and the Senate reacted by refusing to approve any funds.  After President 
Roosevelt argued that the funding was important for military purposes, a compromise was reached in 
which $40 million for 250 airports was approved under the program named Development of Landing 
Areas for National Defense (DLAND) (Wilson, 1979). 
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defined how federal funds would be applied to airports in the subsequent decades 
through the Federal Aid Airport Program (Blaine, 1954; Wilson, 1979). 

The 1944 National Airport Plan (for the remainder of this section, the “Plan”) 
lists the 6,305 existing and proposed airports in the 48 states and the District of 
Columbia.  A summary of the numbers of existing and proposed airports by class is 
given in Table 2.  2,950 of the airports were existing facilities and 3,355 were to be 
newly built.  Of the existing airports, 491 were to be improved and 72 downgraded.  
The location of each airport is given by the name of the nearest town or city and in 
some cases by identifying the actual facility.  These locations are converted into 
latitude and longitude figures that are used to identify which CBSA, if any, the 
airport would be located within.  The current and proposed sizes of the facilities are 
given by their class on a scale of 1 to 5.  The smallest were the class 1 and 2 
airports, which were appropriate for privately-owned aircraft and some small 
transport aircraft.  Class 3 airports were large enough to handle contemporary twin-
engined transport aircraft.  The class 4 and 5 airports were substantial facilities 
with capacity for the largest aircraft then in operation as well as those anticipated to 
begin operating in subsequent years.10  A survey of modern-day airports indicates 
that the vast majority of the airports in the Plan were eventually built.11 

Planned airports by class in 1944 NAP Imputed
Airport Existing At same Down- New Total value per

class in 1944 class Improved graded facilities proposed airport ($)

1 988 636 - 40 1,921 2,597 68,641
2 807 673 299 29 1,197 2,198 277,784
3 441 386 127 3 138 654 748,697
4 408 389 52 0 79 520 1,032,047
5 306 303 13 - 20 336 2,412,832

Total 2,950 2,387 491 72 3,355 6,305  

Table 2.  Numbers of existing and proposed airports by class in the 1944 National 
Airport Plan and imputed value of each class of airport. 

The rightmost column of Table 2 displays the imputed 1944 replacement values 
of each class of airport.  The plan lists existing and proposed airport classes and 
projected improvement costs, but includes no measure of the proposed values or 
physical sizes of the facilities.  To obtain a meaningful measure of the proposed 
amount of infrastructure in each metropolitan area to use as the instrument, the 
values of the proposed facilities are estimated from the projected improvement 

                                                      
10 For more detail on how the airport classes are defined, see the introductory text of the 1944 
National Airport Plan and Chapter 1 of Wilson (1979). 
11 The Plan specifies 99 class-4 and -5 airports to be built on new sites.  In 2011, airports had been 
built on 80 of these 99 sites. 
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costs across the range of airport classes.  The technique used to estimate these 
values is firstly to impute the replacement value of a representative airport of each 
class by weighting the mean projected costs of establishing new facilities or of 
improving existing facilities along the scale of five class increments, which are the 
amounts displayed in Table 2.  These values are then applied to the airports 
according to the existing classes stated in the Plan, to reflect the existing value of 
each airport.  Finally, the projected improvement costs for each airport are added to 
the existing values to obtain a total value of the proposed facility.  This technique is 
explained in detail in Appendix 2. 

To be a relevant instrument, the Plan must explain a significant amount of the 
variation in 2007 air traffic levels, as stated in the relevance condition (3).  This 
seems reasonable due to the importance of the Plan in determining which airports 
would be developed and to the persistence in airport locations, and indeed the 
instrument passes the weak instrument tests.  All existing airports were included in 
the Plan, even if some were recommended to be downgraded, so the Plan reflects 
the airfield development that occurred during the Second World War.  Since that 
time, and according to the Civil Aeronautics Act, an airport has had to be in the 
most recently-approved version of the national plan to receive federal funding.  
Though the national plan was updated regularly and the approval of funds in 
principle did not always lead to improvements being carried out, much of the 
airport development in the decades following the Second World War was 
conducted according to the Plan.  This was a period of rapid growth for the US air 
network, which added more than 5% airfields annually during the decade after 
1945.12  Under the Federal Airport Act, the federal government funded up to half of 
the costs of all but the very largest projects, for which local governments took a 
larger share (Wilson, 1979). 

For the Plan to explain the current allocation of airports through its influence on 
historical airport construction, the locations and sizes of airports must be persistent.  
This appears also to be true.  Due to the large fixed investment involved in 
establishing a new airport, in particular for the acquisition of a substantial area of 
ever-scarcer land, historical construction is related to the current locations of 
airports (Redding, Sturm, and Wolf, 2011).  Indeed, with few exceptions, the sites 
of what would become the nation’s major airports had already been established as 
airfields by the late 1940s (Daley Bednarek, 2001).  The F-statistics from the weak 
instrument tests are sufficiently large to suggest that the instrument comfortably 
satisfies the relevance condition (3).  The coefficients on the instrument from the 
estimation of the first-stage equation (1), given in Appendix 3, support this result. 

                                                      
12 In 1941 there were fewer than 2,500 airfields of all types in the US.  By the end of 1945 there were 
around 4,000 and by 1955 there were nearly 7,000 (Federal Aviation Agency, 1960). 
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The exogeneity condition (4) requires that the instrument affect industry shares 
only through the allocation of airports, conditional on the control variables.  The 
Plan credibly satisfies this condition for a number of reasons.  Firstly, the stated 
criteria for the selection of sites are not related to sectoral composition or factors 
that could influence the future growth of particular sectors.  The Plan was explicitly 
designed to connect civilians to the budding air network, the main criterion being 
population distribution, and to meet potential military needs.  Additional criteria 
included the function of a potential airport in the national air travel network and 
proximity to trained military aviators who could be employed as commercial 
pilots.13  Secondly, the Plan was drawn up after only preliminary consultation with 
state and local governments about the locations and sizes of airports, minimising 
the possibilities for local politicians and businesses to influence the distribution of 
airports to suit local industries (Wilson, 1979).  Thirdly, the Plan was made in an 
era when air travel was at an early stage of development and the extent, manner, 
and cost of air travel were vastly different from today, limiting the potential for the 
decisions made in the 1940s about the allocation of airports to be correlated with 
present-day factors (Bilstein, 2001). 

Perhaps the most serious threat to the exogeneity of the instrument would be a 
relationship between the allocation of airports in the Plan and the contemporary 
size of either the manufacturing or the service sector.  Areas with large shares of a 
given industry in the 1940s are likely to have large shares today, because of 
persistence and unobserved factors that make the location suitable for the given 
industry.  Were more airports located in areas with more service firms in the 1940s, 
it could be that the same areas remain centres of service production today, so the 
error term i

m,2ε  in equation (2) would be correlated with the number of planned 

airports 1944,mA  and the exogeneity condition (4) would be violated.  It is, however, 
possible to test for this possibility.  Table 3 displays the results of regressions of the 
(log) value of proposed airports in the Plan on the employment shares of the 
manufacturing and service industries in 1950, using data from the 1950 Census of 
Population.  The geographical unit in this analysis is the Standard Metropolitan 
Area (SMA), the contemporary equivalent of the CBSA.  The 1950 Census of 
Population details the population and employment figures for the 151 SMAs that 
had a population of at least 100,000 in 1950.  No significant relationship between 
proposed airports and industry shares emerges, at least when geographical controls 

                                                      
13 The promotion of local businesses is in fact mentioned in the plan as a minor motivation, but these 
businesses are limited to aircraft sales, flight schools, and services such as restaurants that would be 
located at the airport, suggesting that the effect on industries not related to air travel were not being 
considered.  Presumably other, larger industries would have been mentioned had the effects on those 
industries been considered. 
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are introduced, suggesting that airports in the Plan were not allocated according to 
the locations of these industries. 

(1) (2) (3) (4) (5)
OLS OLS OLS OLS OLS

  Panel A. Dependent variable: Value (log) of airports in 1944 plan

  Manufacturing share in 1950 -1.994** -1.315 -1.375 -1.410 -1.332
(0.963) (0.836) (0.887) (0.929) (0.944)

  R² 0.176 0.523 0.525 0.545 0.550

  Panel B. Dependent variable: Value (log) of airports in 1944 plan

  Services share in 1950 2.121 2.392 2.467 2.802 2.989
(2.840) (2.337) (2.539) (2.592) (2.716)

  R² 0.154 0.517 0.519 0.541 0.548

  Geography N Basic Y Y Y

  Census divisions N N N Y Y

  Climate variables N N N N Y

  Number of observations 151 151 151 151 151
  Note: robust standard errors in parentheses; * significant at 10% level, ** significant at 5%
       level, *** significant at 1% level  

Table 3.  Proposed 1944 airports and 1950 industry shares. 

4 Results 

4.1 OLS results 

The results from the ordinary least squares (OLS) estimation of (2) for 
manufacturing, tradable services, and non-tradable services are displayed in Table 
4.  This technique does not address the potential endogeneity of the airport size 
measure and the results should therefore not be interpreted as the effects of an 
exogenous change in airport size.  Rather, these results are included to give an 
impression of the overall relationship between air traffic and the industry shares in 
the data. 

The coefficients for the three industries are shown in separate panels in Table 4.  
The columns represent separate regressions with a range of different control 
variables.  All regressions include the log 1940 population, to control for the 
overall size of the CBSA at the time the 1944 National Airport Plan was devised.  
The second column introduces limited geographical controls: the log area of each 
CBSA and indicator variables for location adjacent to the Atlantic or Pacific coast 
or the shore of one of the Great Lakes.  The third column introduces further 
geographical controls: elevation, ruggedness, and average wind speed.  To control 
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for potential regional differences, the fourth column introduces census-division 
fixed effects.  Controls for the effects of climate are included in the fifth and sixth 
columns, in the form of annual numbers of heating and cooling days.  To control 
for possible variation due to the path of development in 1940, the sixth column 
includes population figures from the decennial censuses from 1900 to 1930.  To 
check the robustness of the results to the sizes of CBSAs in the sample, the seventh 
and eighth columns limit the sample to CBSAs above 2010 population thresholds 
of 50,000 and 100,000, respectively. 

(1) (2) (3) (4) (5) (6) (7) (8)
OLS OLS OLS OLS OLS OLS OLS OLS

  Panel A. Dependent variable: Manufacturing employment share in 2007

  ln(departures2007) -0.020*** -0.013*** -0.013*** -0.012*** -0.012*** -0.011*** -0.013*** -0.013***
(0.002) (0.003) (0.002) (0.003) (0.003) (0.003) (0.002) (0.003)

  ln(pop1940) 0.024*** 0.022*** 0.018*** 0.018*** 0.015*** -0.041 0.020*** 0.018***
(0.003) (0.003) (0.004) (0.004) (0.004) (0.037) (0.004) (0.004)

  R2 0.170 0.239 0.250 0.299 0.313 0.339 0.376 0.377

  Panel B. Dependent variable: Tradable services employment share in 2007

  ln(departures2007) 0.023*** 0.023*** 0.023*** 0.021*** 0.021*** 0.021*** 0.021*** 0.021***
(0.002) (0.002) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)

  ln(pop1940) 0.002 0.003 0.004 0.009** 0.008* 0.042* 0.007 0.005
(0.003) (0.003) (0.004) (0.004) (0.004) (0.021) (0.005) (0.005)

  R2 0.458 0.476 0.480 0.505 0.506 0.519 0.468 0.444

  Panel C. Dependent variable: Non-tradable services employment share in 2007

  ln(departures2007) -0.001 -0.001 -0.000 -0.000 -0.000 -0.000 -0.001 -0.001
(0.000) (0.001) (0.001) (0.000) (0.001) (0.000) (0.000) (0.001)

  ln(pop1940) 0.001* 0.001* 0.000 0.000 0.000 -0.000 0.001 0.001
(0.001) (0.001) (0.001) (0.001) (0.001) (0.005) (0.001) (0.001)

  R2 0.012 0.023 0.071 0.143 0.144 0.201 0.160 0.183

  Geography N Basic Y Y Y Y Y Y
  Census divisions N N N Y Y Y Y Y
  Climate variables N N N N Y Y N N
  {ln(popt )}t ∈{1900,...,1930} N N N N N Y N N
  Minimum 2010 population - - - - - - 50,000 100,000

  Number of observations 290 290 290 290 290 290 263 229
  Note: robust standard errors in parentheses; * significant at 10% level, ** significant at 5% level, *** significant at 1% level  

Table 4.  OLS estimates of the effects of airport size on the employment shares of 
manufacturing, tradable services, and non-tradable services in 2007. 

A negative relationship between air traffic and manufacturing employment is 
evident from Table 4.  With the share of manufacturing employment as the 
dependent variable, each specification exhibits a negative and strongly significant 
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coefficient for the effect of air traffic.  Conversely, there is a strong positive 
relationship between air traffic and the proportion of employment in tradable 
services for all specifications.  That is, those CBSAs that host more air traffic in 
2007 have higher concentrations of tradable-service employment.  There appears to 
be no relationship between the number of departures from a metropolitan area and 
the employment share of non-tradable services. 

4.2 IV results 

The results from the instrumental variables (IV) estimation of (2) are displayed in 
Table 5.  The instrument used in each regression is the value of proposed airports 
in the CBSA according to the 1944 National Airport Plan.  These regressions use 
the same sets of controls and minimum 2010 populations as in the OLS estimates 
presented in Table 4. 

(1) (2) (3) (4) (5) (6) (7) (8)
IV IV IV IV IV IV IV IV

  Panel A. Dependent variable: Manufacturing employment share in 2007

  ln(departures2007) -0.034*** -0.020 -0.023** -0.011 -0.012 -0.013 -0.024** -0.030***
(0.007) (0.012) (0.011) (0.014) (0.014) (0.014) (0.009) (0.010)

  ln(pop1940) 0.035*** 0.027*** 0.026** 0.016 0.015 -0.038 0.030*** 0.031***
(0.007) (0.010) (0.010) (0.013) (0.013) (0.046) (0.008) (0.009)

  Panel B. Dependent variable: Tradable services employment share in 2007

  ln(departures2007) 0.023*** 0.024*** 0.026*** 0.023*** 0.021** 0.028*** 0.022*** 0.027***
(0.005) (0.008) (0.008) (0.008) (0.009) (0.010) (0.008) (0.009)

  ln(pop1940) 0.001 0.002 0.002 0.006 0.008 0.031 0.006 0.001
(0.005) (0.006) (0.007) (0.008) (0.009) (0.025) (0.008) (0.008)

  Panel C. Dependent variable: Non-tradable services employment share in 2007

  ln(departures2007) -0.001 -0.002 -0.001 0.000 0.000 0.000 0.000 -0.000
(0.001) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)

  ln(pop1940) 0.001 0.002 0.001 -0.000 -0.001 -0.001 -0.000 0.000
(0.001) (0.002) (0.002) (0.002) (0.002) (0.006) (0.002) (0.002)

  Geography N Basic Y Y Y Y Y Y
  Census divisions N N N Y Y Y Y Y
  Climate variables N N N N Y Y N N
  {ln(popt )}t ∈{1900,...,1930} N N N N N Y N N
  Minimum 2010 population - - - - - - 50,000 100,000

  Number of observations 290 290 290 290 290 290 263 229

  First-stage statistic 75.531 25.892 28.599 24.582 18.123 17.005 22.497 20.827
  Note: robust standard errors in parentheses; * significant at 10% level, ** significant at 5% level, *** significant at 1% level  

Table 5.  IV estimates of the effects of airport size on the employment shares of 
manufacturing, tradable services, and non-tradable services in 2007. 
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The estimates of the effect of air travel on the share of manufacturing 
employment are presented in Panel A of Table 5.  For each of the specifications the 
coefficient is negative and for four of these it is significant.  The introduction of 
census divisions as controls reduces the magnitude and significance of the 
coefficients, possibly because of correlated inter-regional differences between 
airports and manufacturing activity.  The coefficients are nevertheless significant 
when the sample is restricted to CBSAs with at least 50,000 residents in 2010, even 
with the census divisions included as controls.  The magnitude of the coefficient on 
manufacturing employment varies but is generally around -0.020, so a 10% 
increase in the level of air traffic is associated with a 0.20% reduction in the share 
of manufacturing employment.  This corresponds to an elasticity of approximately 
-0.21. 

The negative effect of air traffic on the share of manufacturing employment is 
perhaps not intuitive, as air travel should not represent any direct obstacle to 
manufacturing.  Indeed, business-class air travel has been linked to trade in certain 
types of products (Cristea, 2011) and improved air connections could be expected 
to lead to closer personal and cultural ties, which have been associated with 
increased trade (Rauch, 2001; Rauch and Trindade, 2002).  The explanation offered 
here is of the substitution of factors to the expanded service sector.  The potential 
explanations are explored in more detail through the analysis of air traffic and 
manufacturing shipments between pairs of metropolitan areas in Appendix 4. 

The coefficients for the effect of air travel on the employment share of tradable 
services are displayed in Panel B of Table 5.  The coefficient on air traffic is 
significant and positive for each of the specifications, indicating that air traffic has 
a positive effect on employment in tradable services.  The coefficient is around 
0.025 in each case.  The effect of a 10% increase in air traffic is therefore to 
increase the employment share of the service sector by 0.25%.  The corresponding 
elasticity is approximately 0.10. 

The magnitudes of the point estimates for the effect of airports on the 
employment share of tradable services are slightly larger in the IV estimation than 
with OLS.  This result deserves some explanation, as the endogeneity of air traffic 
from industry demands could be expected bias the OLS estimates upwards.  
However, the difference could reflect the subsequent construction of airports in 
locations where they are less effective or where relatively few tradable services had 
been produced.  Duranton, Morrow, and Turner (2011) make a similar finding: the 
effect of highways on the weight of exports is larger when instrumenting for 
highways.  They conclude that randomly-allocated highways are more effective 
than those allocated by government action in generating trade.  An analogous 
interpretation could apply here: randomly-allocated airports have a larger effect on 
production of tradable services than those resulting from deliberate government 
action.  A further potential explanation is that the effects on industries may take 
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time to accumulate, so that airport improvements conducted in the 1940s and 1950s 
could exhibit a larger effect on sector shares than improvements carried out in 
recent decades. 

Panel C of Table 5 displays the coefficients for the effect of air travel on the 
employment share of non-tradable services.  The coefficients are small in 
magnitude and statistically insignificant in each of the specifications, indicating 
that there is no measurable effect of air travel on employment in the production of 
non-tradable services.  This is reasonable as the services in this category are largely 
either impractical or impossible to transmit between locations, so the distribution of 
their production must closely match that of their consumption.  Unless there are 
systematic differences in the rates of consumption between metropolitan areas that 
result from variation in levels of air traffic, there should not be any apparent effect 
of airports on non-tradable services. 

The results from the weak identification tests for the instrument are reported at 
the bottom of Table 5.  The F-statistics for all specifications are comfortably above 
a reasonable threshold to reject the hypothesis that the instrument is weak.  The 
relevance of the instrument appears therefore not to be in question. 

4.3 Robustness 

Table 6 presents the results of additional robustness checks on the IV results 
presented above.  These include a number of alternative specifications, sample 
restrictions, and additional control variables.  For each robustness check, the IV 
results for the employment shares of manufacturing and tradable services are 
presented in separate panels.  To save space, the results for non-tradable services 
are not presented.  Each regression uses the geography and census-division controls 
only and is therefore equivalent to the fourth column of Table 5. 

The first three robustness checks use alternative measures of 2007 airport size 
as the endogenous regressor.  Recall that the measure used above is the number of 
departing flights from the CBSA.  In Table 6, column 1 uses the number of 
departing passengers from the CBSA, column 2 uses the number of destinations 
flown to at least daily from the CBSA, and column 3 uses the number of flights 
departing from only the largest airport in the CBSA.  The fourth robustness check, 
presented in column 4, varies the measure of the airports in the Plan used as the 
instrument to be the count of proposed class-4 and -5 airports.  These are the larger 
facilities that could most readily be expanded to handle increased traffic and larger 
aircraft. 

To check the sensitivity of the results to the metropolitan-area definition, 
column 5 uses the subset of CBSAs classified as Metropolitan Statistical Areas 
(MSAs) rather than Micropolitan Statistical Areas (μSAs).  To check the effects of 
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the infrastructure of alternative transport modes, column 6 adds 2007 highway 
miles in the CBSA as a control. 

The final two robustness checks treat market access and the availability of 
airports outside the boundaries of the CBSA.  Column 7 introduces a control for 
the (log) population outside the CBSA but within 100 miles of its population 
midpoint in 1940.  Column 8 removes from the sample CBSAs that are contiguous 
with another CBSA that has a higher-category airport according to the Federal 
Aviation Administration system of classification.14 

(1) (2) (3) (4) (5) (6) (7) (8)
IV IV IV IV IV IV IV IV

Number Number Main Class 4-5 MSAs Pop. within No larger
pass. dests. airport as instr. only Highways 100 miles near apts.

  Panel A. Dependent variable: Manufacturing employment share in 2007

  ln(passengers2007) -0.008
(0.010)

  ln(destinations2007) -0.011
(0.016)

  ln(departures_main2007) -0.011
(0.014)

  ln(departures2007) -0.022** -0.029*** -0.071 -0.006 -0.003
(0.011) (0.011) (0.049) (0.016) (0.015)

  Panel B. Dependent variable: Tradable services employment share in 2007

  ln(passengers2007) 0.018***
(0.006)

  ln(destinations2007) 0.026***
(0.010)

  ln(departures_main2007) 0.025***
(0.009)

  ln(departures2007) 0.019** 0.027*** 0.017 0.029*** 0.023***
(0.009) (0.009) (0.030) (0.009) (0.008)

  Number of observations 290 289 290 290 228 219 285 200

  First-stage statistic 19.876 22.585 21.745 20.292 19.367 2.630 19.125 24.739
  Note: robust standard errors in parentheses; * significant at 10% level, ** significant at 5% level, *** significant at 1% level  

Table 6.  Robustness checks of the IV estimates of the effects of airport size on the 
employment shares of manufacturing and tradable services in 2007. 

The results presented in Table 6 indicate that the main IV results are robust to a 
wide range of alternative factors and specifications.  For each of the alternative 
definitions of airport size used in Table 6, the results are consistent with the 

                                                      
14 This system groups commercial airports into one of five broad categories: “Large Hub”, “Medium 
Hub”, “Small Hub”, “Nonhub Primary”, or “Nonprimary Commercial Service”. 
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standard specification used in Table 5.  The coefficients for tradable services are 
positive and significant while the coefficients for manufacturing are negative but 
not significant.  The magnitude of the coefficient on the number of passengers is 
smaller, which may reflect the costs of congestion: for a given number of flights, 
larger or fuller planes imply longer waits and less flexibility.  The alternative 
instrument constructed as the number of class-4 or -5 airports yields similar results, 
except that the coefficient on manufacturing is significant. 

Limiting the sample to MSAs appears to strengthen the results.  This is not 
surprising as the restriction is similar to including only CBSAs with a minimum 
2010 population of 100,000, which is presented in Table 5 and yields nearly 
identical results.  The coefficient for tradable services is similar in size and p-value 
to the estimates produced using the standard assumptions.  On the other hand, the 
coefficient on manufacturing is more strongly negative. 

The inclusion of 2007 highway miles as a control reduces the size and 
significance of the estimate for tradable services, but increases the size of the 
estimate for manufacturing.  This variable is clearly not exogenous to current 
industrial composition and its inclusion markedly weakens the instrument, but its 
effects are nonetheless interesting to observe.  The reduction of the apparent effect 
of airports on tradable services could be due to a positive effect of highways on 
service production, or indeed the reverse.  The larger negative effect on 
manufacturing could arise from a positive correlation between the construction of 
highways and airports, so that the positive effect of highways on manufacturing is 
attributed to airports in the standard specification, but the coefficient is not 
significant in any case. 

Controlling for 1940 population within 100 miles makes little difference to the 
results.  Market access in nearby area thus appears not to be a substantial factor in 
the effect of airports on industrial composition.  The same applies to airports near 
to but outside of the CBSA, as demonstrated by the final robustness check.  This 
controls directly for the presence of airports outside of the CBSA that would be 
more convenient for residents to travel via, but has no appreciable effect on the 
results. 

5 Conclusion 

This paper estimates the effects of airport infrastructure on local employment in the 
production of manufactured goods, tradable services, and non-tradable services.  
The main difficulty in estimating these effects is the endogeneity of air services or 
any other measure of airport size, as these are likely to increase in response to 
demand from industries that use air travel.  This problem is addressed by 
instrumenting for current airports using the 1944 National Airport Plan, which 
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explains a substantial amount of the variation in the current distribution of airports 
but appears to be otherwise unrelated to current sectoral concentrations. 

The findings are that a metropolitan area that has better air connections because 
of an exogenous historical allocation of airports specialises less in the production 
of manufactured goods and more in the production of tradable services.  A 10% 
increase in the frequency of flights from a metropolitan area is found to decrease 
the local employment share of manufacturing by 0.20% (an elasticity of -0.21), to 
increase the local employment share of tradable services by 0.25% (an elasticity of 
0.10).  There is no measurable effect on employment in non-tradable services. 

The interpretation of these results is that tradable services, which can be 
delivered to another location partly by use of air travel, are produced in the most 
accessible metropolitan area and exported to other locations.  As non-tradable 
services must be consumed in close proximity to where they are produced, their 
employment share is not affected by air travel.  Manufacturing employment is 
decreasing in the size of the airport but this is unlikely to be due to any direct 
effect; rather, a larger service sector employs workers, land, and other factors that 
may otherwise have been used in manufacturing.  This interpretation is supported 
by the analysis of trade flows of manufactures presented in Appendix 4, which 
shows no correlation between air services to a metropolitan area and the level of 
exports to the same metropolitan area. 

The findings of this paper are informative about the effects of infrastructure 
improvements and have implications for the evaluation of policy.  Airport 
construction and expansion projects are often justified on the basis of the improved 
accessibility being a positive factor in employment.  The results presented above 
support this justification, as the sectors that most obviously make use of air travel 
expand when air connections are improved.  However, there is evidence of a less 
obvious effect on other sectors, which may suffer from the reduced availability of 
factors of land, workers, and other factors of production.  Though it may not seem 
necessary to consider the effects of airport improvements on sectors that do not use 
air travel, the results presented here suggest that these effects should be taken into 
account in the evaluation of airport development projects. 
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Appendix 1 

Table 7 displays a list of the 2-digit NAICS industries that are included in the 
samples.  For the purposes of this paper industries 31-33 are classified as 
manufacturing, industries 51-54 and 56 are classified as tradable services, and 
industry 81 is classified as non-tradable services. 

NAICS 
code Industry description

31-33 Manufacturing
51 Information
52 Finance and Insurance
53 Real Estate Rental and Leasing
54 Professional, Scientific, and Technical Services
56 Administrative and Support and Waste Management and Remediation Services
81 Other Services (except Public Administration)

 

Table 7.  2-digit NAICS industries included in the samples of manufacturing (31-
33), tradable services (51-54, 56), and non-tradable services (81). 

Appendix 2 

This appendix explains the method for imputing the values of airports of each of 
the five classes that are listed in Table 2.  The method involves estimating the 
replacement values of existing airports as the mean projected costs of new facilities 
at that class and of the cumulative airport improvements up to that class from the 
1944 National Airport Plan.  Each observation is an airport that is to be improved 
to a higher class or built from scratch.  A set of coefficients { } 5,,1K=j

jf  are defined 
to represent improvement of the airport on each of the five class increments: an 
airport that is to be improved from class 2 to class 4, for example, is counted as 
being improved on the increments between classes 2 and 3 and between classes 3 
and 4, but not on the others.  The associated logic variable for each airport-class 
pair is j

iI , which has value 1 if airport i is to be improved over increment j and 0 
otherwise.  The costs of the five increments are estimated by fitting a model with 
fixed effects for the five increments and with no intercept.  This technique 
combines the costs of improvements over single increments with the costs of 
improvements over multiple increments, weighted by the numbers of observations.  
The following equation, in which iC  is the projected cost of the project and iε  is 
an error term, is fitted using ordinary least squares: 
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 iiiiiii IfIfIfIfIfC ε+++++= 5544332211  (5) 

As there is no intercept in (5), the coefficient 1f  represents the replacement 
value of a class-1 airport, 21 ff +  represents the replacement value of a class-2 
airport, and so on.  Table 8 details the estimated coefficients and the estimated 
replacement values by class, which are simply the cumulative sums of the 
incremental coefficients. 

Incremental Imputed
Class coefficient value

1 68,641 68,641
2 209,143 277,784
3 470,913 748,697
4 283,350 1,032,047
5 1,380,785 2,412,832  

Table 8.  Incremental coefficients and imputed replacement values by class. 

Appendix 3 

Table 9 displays the results from the estimation of equation (1), the first-stage 
relationship between the (log) value of proposed airports in the 1944 National 
Airport Plan and the (log) number of departures in 2007.  The same sets of controls 
and minimum CBSA sizes as in Table 4 and Table 5 are used in the regressions 
presented in Table 9. 

(1) (2) (3) (4) (5) (6) (7) (8)
OLS OLS OLS OLS OLS OLS OLS OLS

  ln(airports1944) 0.598*** 0.394*** 0.416*** 0.414*** 0.388*** 0.381*** 0.462*** 0.526***
(0.092) (0.102) (0.092) (0.103) (0.106) (0.106) (0.120) (0.129)

  ln(pop1940) 0.577*** 0.592*** 0.680*** 0.726*** 0.750*** 1.598** 0.729*** 0.631***
(0.058) (0.061) (0.075) (0.078) (0.077) (0.665) (0.092) (0.103)

  Geography N Basic Y Y Y Y Y Y
  Census divisions N N N Y Y Y Y Y
  Climate variables N N N N Y Y N N
  {ln(popt )}t ∈{1900,...,1930} N N N N N Y N N
  Minimum 2010 population - - - - - - 50,000 100,000

  R² 0.608 0.642 0.655 0.682 0.684 0.698 0.657 0.659

  Number of observations 290 290 290 290 290 290 263 229
  Note: robust standard errors in parentheses; * significant at 10% level, ** significant at 5% level, *** significant at 1% level  

Table 9.  First-stage coefficients for the effect of planned 1944 airports on 2007 air 
traffic. 
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The coefficients displayed in Table 9 reflect that for each of the specifications, 
the number of planned airports is a strong factor in the level of air traffic in 2007.  
Figure 2 plots the actual versus predicted numbers of departures obtained from the 
estimation of (1) using only log 1940 population, the geographical variables, and 
census-division fixed effects as controls.  Figure 2 therefore corresponds to the 
results displayed in the fourth column of Table 9. 

 

Figure 2.  Actual versus predicted numbers of departures in 2007 from the first-
stage estimation. 

Appendix 4 

The result that an enlarged airport leads to a reduction in the size of the local 
manufacturing industry demands some explanation.  The explanation proposed in 
this paper is of the substitution of factors to an expanded tradable service sector.  
The alternative would be of a direct relationship: either an effect of the air 
connection on manufacturing shipments, or of both being influenced by some 



110 Chapter 4. Airports and the Production of Goods and Services 

unobserved factor.  These explanations would imply a negative correlation between 
air traffic and manufacturing shipments on specific routes, not only at the nodes of 
the network.  A simple way to test for a direct relationship between air connections 
and manufacturing trade is therefore to test for this relationship on metropolitan 
area pairs, controlling for origin- and destination-level factors.  This appendix 
describes such a test and presents its results. 

By its nature, air travel requires a substantial amount of fixed infrastructure at 
the nodes of the network whereas the links are comprised of essentially 
homogeneous and non-congestible airspace.  Therefore, the combination of 
distance and origin- and destination-level factors should characterise the difficulty 
of operating flights between any pair of metropolitan areas.  Furthermore, if 
manufacturing trade is directly related to air travel, then air traffic patterns should 
readily adjust in response to demand from the manufacturing industry.  This 
appendix fits a gravity model for manufacturing flows that controls for air 
connections.  A relationship between the two could reflect an external factor that 
affects both air traffic and manufacturing, that is to say an indirect effect.  The 
absence of a relationship would suggest there not to be a direct relationship 
between the two. 

The analysis in this appendix uses information from the Commodity Flow 
Survey (CFS), which details commodity shipments by pair of locations in the US.  
The geographical unit of observation in the CFS is the Commodity Flow Survey 
Place (CFSP).  The CFSPs are generally larger geographical areas than the CBSAs, 
though in some cases the two definitions coincide.  The commodities in the CFS 
are classified by Standard Classification of Transported Goods (SCTG) code.  A 
list of the SCTG codes that are classified as manufacturing is included in Table 10.  
The CFS data are used along with information on air traffic from the T-100 
segment data published by the US Bureau of Transportation Statistics, aggregated 
by CFSP. 
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SCTG 
code Commodity Description

21 Pharmaceutical products
22 Fertilizers
23 Chemical products and preparations, nec
24 Plastics and rubber
26 Wood products
27 Pulp, newsprint, paper, and paperboard
28 Paper or paperboard articles
29 Printed products
30 Textiles, leather, and articles of textiles or leather
31 Nonmetallic mineral products
32 Base metal in primary or semifinished forms and in finished basic shapes
33 Articles of base metal
34 Machinery
35 Electronic and other electrical equipment and components and office equipment
36 Motorized and other vehicles (including parts)
37 Transportation equipment, nec
38 Precision instruments and apparatus
39 Furniture, mattresses and mattress supports, lamps, lighting fittings, and illuminated signs
40 Miscellaneous manufactured products

 

Table 10.  SCTG industries classified as manufacturing. 

The test of the relationship between air connections and manufacturing trade on 
pairs of metropolitan areas involves fitting the following equation for the (log) 
value of manufacturing shipments in 2007, mnV , where m denotes the origin and n 
the destination: 

 mnmnDmnA
D
n

O
mmn DAV εββγγ ++++=  (6) 

In equation (6), O
mγ  and D

nγ  are origin and destination fixed effects, mnA  is the 
(log) amount of air traffic between m and n in 2007 (with coefficient Aβ ), mnD  is 
the (log) distance between m and n (with coefficient Dβ ), and mnε  is an error term.  
The fixed effects capture all origin- and destination-level factors, including the 
overall level of exports from the metropolitan area and so on.  As the effect of 
distance may be highly nonlinear, some higher powers of the (log) distance are also 
included in the regressions.  The measures of air traffic used for mnA  are the 
number of flights and the number of passengers, both of which reflect the quality 
of the air connection.  The results from the estimation of (6) are displayed in Table 
11. 
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(1) (2) (3) (4) (5) (6)
log(value of manufacturing shipments in 2007)

(OLS) (OLS) (OLS) (OLS) (OLS) (OLS)

  log(number of -0.043*** -0.009 -0.010
      departures in 2007) (0.017) (0.018) (0.018)

  log(number of -0.036** -0.006 -0.007
      passengers in 2007) (0.016) (0.017) (0.017)

  log(distance) -1.549*** -4.470*** 22.922 -1.532*** -4.498*** 22.885
(0.049) (0.476) (28.813) (0.048) (0.472) (28.783)

  log(distance)2 0.239*** -6.277 0.242*** -6.274
(0.039) (7.325) (0.038) (7.318)

  log(distance)3 0.678 0.678
(0.818) (0.817)

  log(distance)4 -0.026 -0.026
(0.034) (0.034)

  R² 0.670 0.676 0.677 0.670 0.676 0.677

  Number of observations 2,087 2,087 2,087 2,087 2,087 2,087
  Note: robust standard errors in parentheses; * significant at 10% level, ** significant at 5% level,
       *** significant at 1% level  

Table 11.  Coefficients for the effect of air traffic on manufacturing shipments 
between a given pair of CFSPs, controlling for distance and using CFSP-level fixed 

effects. 

The results displayed in Table 11 indicate that there is no significant 
relationship between air connections and manufacturing shipments on pairs of 
CFSPs.  The coefficients on the numbers of flights and passengers are negative, but 
neither measure is significantly different from zero when second- or higher-order 
powers of distance are included.  Therefore, it is not possible to reject the null 
hypothesis that manufacturing shipments are unrelated to air connections.  This 
result favours the explanation for the apparently negative effect of air connections 
on the size of the local manufacturing sector as being due to substitution towards 
the expanded service sector, rather than to a direct effect. 
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