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Chapter 1

Introduction and Summary

This thesis consists of 4 self-contained chapters. The chapters are based on the following

research papers:

� Chapter 2 : M. Curuk and G. Vannoorenberghe (2013), Occupational fragmentation

and sectoral employment adjustments, Working paper

� Chapter 3 : M. Curuk (2014), Structural transformation and technological progress,

Working paper

� Chapter 4 : M. Curuk and S. Smulders (2014), Malthus meets Luther: the eco-

nomics behind the German Reformation, Working paper

� Chapter 5 : M. Curuk (2012), Trade, technology diffusion, and misallocation: Trade

partner matters, CentER Discussion Paper, 2012-046, Tilburg University

In Chapter 2, we show that the geographic distribution of occupational employment

within a country affects the sensitivity of an industry’s employment to external shocks.

We develop a theory-based measure of occupational similarity between industries and

show that the geographic proximity to industries using similar occupations raises the

ability of an industry to respond to aggregate shocks. Using data on the employment

growth of region-industry pairs in the U.S., we confirm empirically that the employment

of an industry responds more to national shocks in regions where other industries using

similar occupations are located. Calibrating our model to the U.S. economy, we show

that if workers could costlessly change occupation and migrate across regions, the extent

of cross-sectoral labor reallocation following an external shock would be substantially

stronger. We also find that employment in agricultural sectors and in apparel and textile

manufacturing are among the least responsive to external shocks, implying that workers

in these sectors are very “sector-specific”.
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Chapter 1: Introduction and Summary

In Chapter 3, we document two important regularities on the rate and direction of

technological progress over the course of development. First, TFP growth rates decline

in agriculture and manufacturing and weakly increase in services as per-capita-income

grows, which leads to a convergence between manufacturing and services in terms of

TFP growth rates. Second, the rate of quality growth has been larger in services relative

to manufacturing in the post-war U.S. economy and the discrepancy has been increasing

over time. Then, we present a multi-sector endogenous growth model which can explain

these trends together with the salient features of structural transformation. Our anal-

ysis suggests that over the last decades quality growth has become the main source of

technological progress and an important determinant of relative price movements and

sectoral shares.

In Chapter 4, we investigate the determinants of the one of the most influential in-

stitutional changes in European history: the Reformation. Using exogenous measures of

agricultural potential, we show that rulers of the regions which were smaller in economic

terms but having higher agricultural potential were more likely to adopt Protestantism

in the 16th century Holy Roman Empire. In a simple model of princely Reformation, we

show that these empirical findings are in line with the argument that low appropriateness

of prevailing (Catholic) institutions provides the rulers of the regions with incentives to

adopt the Reformation. This finding suggests an economic rationale of the adoption of

Protestantism which is absent in existing studies which emphasize the strategic neigh-

borhood interactions (Cantoni (2012)) and costly diffusion of information (Becker and

Woessmann (2009)).

In Chapter 4, we suggest that contingent on the productivity level of the trade part-

ner; international trade may create resource misallocation in less productive countries.

We theoretically show how the interaction between technology diffusion induced by trade

and cross sectoral heterogeneity in productivity distributions, and technology adoption

rates leads to asymmetric pro-competitive effects, which in turn result in misallocation.

In this framework trade increases welfare in the long-run due to technology diffusion,

even though there is steady-state resource misallocation across industries. Using firm

level data from 32 European countries for the period of 1992-2007, we also present ro-

bust empirical evidence supporting the model predictions by showing that trade with

more productive regions as a share of purchasing power parity (PPP) GDP (1) increases

2



Introduction

economy wide markup variation, (2) raises mean sectoral productivity, and (3) decreases

productivity dispersion within 4-digit sectors, only in less productive countries.

3





Chapter 2

Occupational Fragmentation and

Sectoral Employment

Adjustments

2.1. Introduction

A large literature has studied the role of technological progress and of international

trade as drivers of productivity growth and of welfare gains. A central channel for these

gains to materialise is the reallocation of factors towards sectors with large productivity

growth or with a comparative advantage (McMillan and Rodrik (2011a)). The presence

of short-run frictions to the factor adjustment process can however substantially reduce

the size of these gains (Lee and Wolpin (2006), Kambourov (2009)).

In this paper, we show that the ability of an industry to adjust its labour input

in the short-run hinges on the availability of the relevant type of labour - occupations

- in the regions where the industry is located. We emphasise the importance of two

types of widely documented short-run rigidities in explaining labour market reactions

to external shocks1: the geographical immobility of workers as well as their inability to

change occupation in the short run. We show that these two dimensions are important

determinants of the regional employment fluctuations of U.S. industries between 2003

and 2008.

We model the United States as a collection of small regional units which differ in

their industry structure. For example, around 4% of employees in Detroit were working

1A large literature shows that regional mobility is imperfect in the short run (e.g. Blanchard et al.

(1992)) and has decreased over time to reach low levels in the 2000s (Partridge et al. (2012)). On

the costs of changing occupations, see Kambourov and Manovskii (2009), Sullivan (2010) or Artuç and

McLaren (2012).

5



Chapter 2: Occupational Fragmentation and Sectoral Employment Adjustments

in the manufacturing of motor vehicle parts2 in 2003 compared to a national average of

0.5%. We also assume that industries use occupations in different proportions. Electrical

engineers for instance represent 4% of employees in the manufacturing of measuring

instruments, but only 0.1% of the national labour force3. In our theoretical model,

we derive an index of the “ease” with which an industry can adjust its employment in

a particular region. This index, which we call the “employment responsiveness” of a

particular region-industry pair, measures the relative size of the pool of labour with

which the industry can exchange labour if it wants to adjust employment. The index

captures two different effects. First, for a given regional industry composition, the share

of an industry in the region’s labour force should be negatively related to its capacity to

respond to aggregate shocks. For example, if an industry employs a large fraction of a

region’s labour force, it will find it more difficult to expand as there are only relatively few

workers it can attract from other industries. This directly results from the geographical

immobility of labour. Second, for a given share of employment in the region’s labour

force, an industry should find it easier to expand if other industries in the region use a

similar mix of occupations.

The main prediction of our model is that an industry which faces a positive (nega-

tive) shock at the national level should expand (contract) its employment more in regions

where the value of our responsiveness index is high, as the industry finds it easier to re-

cruit (shed) labour4. To clarify our insight on the importance of occupations, consider

two regional statistical areas in the U.S.: Grants Pass in Oregon and San Jose in Cal-

ifornia. In both regions, the manufacture of measuring instruments accounts for about

2.5% of total employment. Apart from this industry, Grants Pass is very reliant on the

health care sector, tourism and on the metal industry. San Jose on the other hand, where

2Metropolitan Statistical Area: Detroit-Warren-Livonia, industry: “Motor vehicle parts manufactur-

ing” (NAICS 3363), source: County Business Patterns of the U.S. Census.
3Electrical engineers are occupation 17-2071 in the Standard Occupational Classification of the Bu-

reau of Labor Statistics. The industry is NAICS 3345: “Navigational, measuring, electromedical and

control instruments manufacturing”. The figures are for 2003.
4For contracting industries, employment decreases more if employees can easily find a job in another

industry in the same region and occupation, i.e. if our index is large. If they lack good outside options,

employees might be more willing to take wage cuts than be fired, making employment less reactive

to negative shocks. We elabourate on the difference between expanding and contracting industries in

section 2.4.

6



Introduction

the Silicon Valley is located, has a substantial employment in other industries which also

employ many electrical engineers (e.g. the computer industry). In such a case, our model

predicts that the manufacture of measuring instruments can respond to aggregate shocks

more easily in San Jose than in Grants Pass as it has a access to a larger pool of electrical

engineers. Our index combines this reasoning for each occupation that an industry uses

to calculate an industry-region specific measure of the responsiveness of employment to

national shocks.

The mechanism behind our theory implies that employment growth in a given region-

industry pair does not only depend on national shocks in that particular industry, but

also on the shocks to all other industries. We compute a measure of the impact of national

shock to industry j on the growth of employment of industry i 6= j in a particular region.

In terms of our example, we expect that a boom in the national demand for computers

will substantially reduce employment in the manufacturing of measuring instruments in

San Jose, as electrical engineers flock to the neighboring booming computer industry5.

In Grants Pass on the other hand, the virtual absence of the computer industry suggests

that employment in the manufacturing of measuring instruments will be insensitive to

the good fortune of the computer industry at the national level.

We assess the importance of the spatial and occupational frictions at two different

levels6.

First, we test our model empirically by exploiting the variation in employment growth

between different U.S. regions within an industry. We combine data on occupations

from the U.S. Bureau of Labor Statistics and on employment from the County Business

Patterns of the Census Bureau and observe (i) the size of each 4-digit industry in each

metropolitan and micropolitan state area (MSA) between 2003 and 2008 and (ii) the

relative use of different occupations in different industries. We capture the nationwide

5There might of course be other channels linking industries, such as input-output linkages which we

discuss further and control for in section 2.4.
6Other types of frictions, such as search and matching, may also be important determinants of the

short-run reaction of employment to shocks. These seem however insufficient to explain the slow short-

run adjustment to trade liberalisation in a country like Brazil (Cosar (2013)). In practice, our geographic

and occupational immobility may interact with search and matching in creating a region-occupation

specific labour market, where the number of vacancies for an occupation depends on a region’s industry

composition.

7



Chapter 2: Occupational Fragmentation and Sectoral Employment Adjustments

shock to an industry by its national employment growth, and interact it with our measure

of employment responsiveness in an MSA-industry pair. The interaction is a positive,

significant and robust determinant of the short-run employment growth of an MSA-

industry pair.7 This is in line with our model: within an industry, employment responds

more to national shocks in MSAs where our index of employment responsiveness is larger.

We also show that the cross-industry effects are important determinants of short-run

employment changes.

Second, we use our model to assess the degree to which U.S. workers are “specific”

to an industry. An important strand of the international trade literature examines the

distributional consequences of trade when factors of production differ in their ability to

switch industry. In our model, the degree to which a worker is specific to an industry

depends on the presence of other industries using his occupation in his region. The more

other industries use his occupation, the easier it is for a worker to switch industry and

the less specific he is8 to his industry. Aggregating across all regions and occupations

used by an industry, we determine the average specificity of workers in an industry at

the national level. The calibration of our model to the U.S. economy shows that workers

in agricultural sectors and in textile manufacturing are on average most specific to their

industry, and are therefore likely to be hit most by a negative shock to the price of their

industry’s output9.

Finally, our paper contributes to the regional science literature in two distinct ways.

First, we relate to the literature mapping national shocks to regional labour market

outcomes. Our strategy is related to Blanchard et al. (1992) or Bound and Holzer

(2000), in that we map national employment growth to its regional counterparts. In

7Our results are robust to excluding the employment of the state where the MSA is located while

computing the national employment growth of the industry.
8Following the seminal paper of Mussa (1974), we think of specificity not only as a technological

concept capturing whether a factor is needed in the production function of different industries, but also

as an economic concept reflecting the relative size of industries in which a factor can be used.
9In the appendix, we provide an additional perspective on the aggregate consequences of our model

for the U.S.. We consider a large shock to the U.S. terms of trade - the large increase in the price of

tradables over the period 2005-2008 - and compare the growth rate of GDP predicted by our model

to the growth rate predicted by a model with no frictions. Assuming no change in the price of non-

tradables, we find that the geographic and occupational frictions cost 1.15 percentage points of GDP

growth, thereby halving the growth rate which would obtain with no frictions.

8



Introduction

contrast to them however, we highlight the importance and the effectiveness of the occu-

pational dimension in this mapping. A fast-growing literature also uses variation across

local labour markets to identify the effects of trade shocks on labour market outcomes

(Chiquiar (2008), Autor et al. (2012), Kovak (2012), McLaren and Hakobyan (2012),

Topalova (2010) among others) but remains silent about the role of occupations. One

notable exception, Ebenstein et al. (2011), shows that wages in occupations more ex-

posed to international trade are lower, which highlights the importance of occupational

immobility. Our contribution is to develop a theory-based measure of short-run employ-

ment frictions, which also incorporates the multilateral relationships among industries,

using spatial variation in industry specialisation and variation in the occupational mix

across industries. Second, we shed a new light on the relevance of the Marshallian argu-

ment for labour market pooling. Recent studies (e.g. Ellison et al. (2010)) have shown

that industries using similar occupations tend to collocate in space. We take a different

perspective and ask whether one of the main arguments behind labour market pooling,

which is that an industry’s employment can better adapt to shocks if it is located close

to the pool of skills it needs (Overman and Puga (2010)), indeed occurs in practice. Our

affirmative answer confirms that particular rationale for labour market pooling.

Apart from the aforementioned papers, we also relate to the the large literature

studying the impact of external shocks on labour reallocation between industries. In

developing countries, the sectoral allocation of labour does not seem to respond much to

trade shocks (Wacziarg and Wallack (2004), Godlberg and Pavcnik (2007), Kambourov

(2009), Topalova (2010)), suggesting that an important fraction of the gains from trade

are not reaped by developing countries. In the U.S., an early literature suggests that

employment in an industry is moderately reactive to changes in import penetration

(Grossman (1986), Freeman and Katz (1991), Revenga (1992) and Gaston and Trefler

(1997)). We contribute to this literature by incorporating occupational immobility as a

source of short-run employment frictions to aggregate shocks and provide a richer set of

predictions on the heterogeneous reaction of regions and industries10.

The paper is structured as follows. Section 2.2 develops the model and derives the

10Another strand of the literature examines the reallocation of employment between firms within an

industry after a trade liberalisation, see Revenga (1997), Trefler (2004) or Menezes-Filho and Muendler

(2011).

9



Chapter 2: Occupational Fragmentation and Sectoral Employment Adjustments

computation of our measure of responsiveness. Section 2.3 describes the empirical strat-

egy and presents the baseline results. Section 2.4. provides numerous robustness tests

and Section 2.5 computes the measures of worker specificity implied by our model using

U.S. data. Section 2.6 concludes.

2.2. Model

2.2.1. Setup

The economy consists of a mass one of workers and I goods, each produced by a different

industry. Labor is the only factor of production in the economy. We consider a national

economy divided in N regions. Each region is a local labour market in the sense that

workers cannot migrate between regions. Goods markets are however integrated and

the price of a good is identical in all regions. We think of the regions as small open

economies, which take the price of each good as given.

Each industry consists of a large number of firms, which produce a homogeneous good

and behave in a perfectly competitive manner. In each industry, production requires the

use of a set of occupations (e.g. cook, accountant or chemical engineer), combined in

proportions which are specific to the industry. We therefore allow industries to differ

in the intensity with which they use different occupations. The production function of

industry i is given by:

yi =

[∑
o

α
1
ε
ioΛ

ε−1
ε

o

] ε
ε−1

(2.1)

where ε > 0, o stands for occupations and Λo is the number of units of effective labour

in occupation o.

Each worker in the economy inelastically supplies one unit of labour of one of the

occupations. We assume that workers cannot choose the occupation in which they are

active, and have no possibility to change occupation11. Since workers are immobile

between occupations and regions, the mass of workers in occupation o and region r is

exogenous and given by Lor. Workers in an occupation differ in terms of productivity.

Each worker independently draws a productivity parameter z for each industry from a

11The Theory Appendix 2.7.3 relaxes this assumption.
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Fréchet distribution:

F (z) = e−z
−ν
. (2.2)

Worker h in region r faces a vector {zhi}i∈I , summarizing the number of effective labour

units he can provide in each industry12. The parameter ν > 0 affects the heterogeneity

of productivity draws between industries and captures the degree to which workers are

industry-specific. For small ν, a worker typically has very different draws of productivity

in different industries, and the percentage loss in productivity incurred by changing

industry is large. For a large ν, on the other hand, the productivity draws of a worker

in different industries are relatively close to each other. In this case, changing industry

does not typically result in a large change of productivity.

The assumption that workers are tied to an occupation and that they can move

between industries by incurring a productivity loss offers a stylised representation of the

evidence that (i) there are substantial costs of changing industry (Lee and Wolpin (2006),

Artuç et al. (2010)) due to the loss of industry specific human capital, and that (ii) the

costs of changing occupation are at least as large (Sullivan (2010), Artuç and McLaren

(2012), Kambourov and Manovskii (2009)).

2.2.2. Equilibrium

Firms in industry i located in region r take the price of good i (pi) as given and maximise

their profits, given by:

max
{Λior}o∈O

piyir −
∑
o

wiorΛior (2.3)

where wior is the wage paid per unit of effective labour to occupation o in the industry-

region pair ir. The first order condition of the maximisation problem can be rearranged

to show that:

Λior = αiow
−ε
iorp

ε
iyir (2.4)

where Λior denotes the demand for effective units of labour in industry i, occupation o

and region r. Plugging (2.4) in (2.1) shows that in equilibrium, if industry i produces in

12The use of Fréchet distribution in modeling the heterogeneity in productivity has been popularised

by Eaton and Kortum (2002) in the trade context. For the details on its use in models of industry

choice, see Hsieh et al. (2013) and Vannoorenberghe and Janeba (2013).
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region r, the price pi must be equal to the marginal costs of production:

pi =

[∑
o

αiow
1−ε
ior

] 1
1−ε

. (2.5)

A worker h in occupation o observes his vector of productivity in all industries

{zhi}i∈I , as well as the wage per effective unit of labour paid in each of the industries for

his occupation {wior}i∈I . Based on this information, he decides to work in the industry

which gives him the highest income zhiwior. As shown in the appendix, the number of

workers choosing industry i in region r and the effective labour this corresponds to are:

Lior =
wνior∑
j∈I w

ν
jor

Lor (2.6)

Λior = ∆wν−1
ior

(∑
j∈I

wνjor

) 1−ν
ν

Lor (2.7)

where ∆ ≡ Γ
(
1− 1

ν

)
and Γ() is the gamma function. We assume that ν > 1 for the

rest of the analysis. Equations (2.6) and (2.7) are respectively the labour supply and

the supply of effective labour in occupation o in a particular industry-region pair. Both

are increasing in the wage paid by that industry and are decreasing in the average wage

paid by the other industries using occupation o in the region. The extent to which the

labour supply in a particular occupation reacts to the wage differential between indus-

tries depends on ν, which indexes the degree of mobility of workers between industries.

The larger the ν, the less important the worker-specific productivity differences between

industries and the more workers react to wage differentials between industries. Equa-

tions (2.6) and (2.7) further show that the supply of labour in any region-industry pair

is positive for any wior > 0. This property guarantees that each industry produces a

positive amount in each region.

Equating the demand and supply of effective labour in each ior tuple (given by (2.4)

and (2.7) respectively), we show in the Theory Appendix that:

wior = (αioYir)
1

ν+ε−1 (∆Lor)
− 1
ε

(∑
j∈I

(αjoYjr)
Ω

) ν−1
εν

, (2.8)

where Yir ≡ pεiyir and Ω ≡ ν/(ν + ε − 1). For expositional convenience, and although

it is only correct if ε = 1, we will refer to Yir as the value of production of the industry

in region r. The wage per effective labour unit in the ior tuple is (i) increasing in the
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demand for the occupation in ir, determined by the parameter αio and by the value of

production of industry i in region r (Yir), (ii) decreasing in the supply of occupation o

in region r (Lor), and (iii) increasing in the “outside option” of workers, which depends

on the demand for their occupation in other industries. When ν is large, workers can

easily move between industries and the wage in i becomes very sensitive to the outside

option and insensitive to the demand conditions and technology parameters in the own

industry.

Plugging the equilibrium condition (2.8) for wior in (2.5) and in (2.6), we obtain

respectively:

Y 1−Ω
ir = ∆

ε−1
ε pε−1

i

∑
o

αΩ
ioL

ε−1
ε

or

(∑
j∈I

(αjoYjr)
Ω

) 1−ν
ν

ε−1
ε

 , (2.9)

Lir =
∑
o

Lior =
∑
o

(αioYir)
Ω∑

j∈I (αjoYjr)
Ω
Lor. (2.10)

Equations (2.9) and (2.10) are the two key relationships of interest in the model. They

allow us to pin down the employment in a particular industry-region pair as a function

of the exogenous parameters of the model. The first of these two conditions, in equation

(2.9), establishes how the value of production in each industry-region pair depends on

the value of production of other sectors in the region, on the exogenous price vector

{pi}i∈I and on exogenous region and industry characteristics (αio and Lor). The second,

equation (2.10), shows how the vector of {Yir}i∈I in a region maps to the number of

employees in each industry-occupation pair in that region.

2.2.3. Comparative Statics

We now perform a comparative statics exercise on the two relationships (2.9) and (2.10)

to determine how exogenous changes to the prices of particular goods affects the employ-

ment in each industry-region pair, a relationship which is at the core of our empirical

analysis. The present section shows the main results of the comparative statics exercise,

the details of which can be found in the Theory Appendix 2.7.3.

Totally differentiating (2.10) gives:

L̂ir = Ω

Ŷir
∑
o

(
Lior
Lir

L−ior
L−ir

Lr
Lor

)
L−ir
Lr︸ ︷︷ ︸

Seir

−
∑
m6=i

Ŷmr
∑
o

(
Lior
Lir

Lmor
Lmr

Lr
Lor

)
Lmr
Lr︸ ︷︷ ︸

Seimr

 (2.11)
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where we useˆ to denote percentage changes in variables and where L−ior refers to the

number of workers in occupation o and region r who are employed in all industries other

than i. The above equation shows the effect of a change in the value of production of all

industries in r (Ŷ r ≡ {Ŷmr}m∈I) on the employment of a particular industry i in r. Since

we assume perfect competition, an increase in Yir must be reflected in a combination of

higher employment and/or higher wages in industry i. Equation (2.11) shows the extent

to which employment reacts to such a change. The marginal effect of Ŷir on L̂ir positively

depends on Ω and Seir, which both affect the “ease” with which industry i can recruit

the workers it needs to expand. First, a higher Ω reflects that ν is large, meaning that

workers within an occupation are very mobile between industries. This ensures that

a small increase in wior induces many workers of that occupation to join the industry.

Second, Seir (0 ≤ Seir ≤ 1) is an index which depends both on (i) the similarity between

the occupations used by the industry and the occupations used by other industries in the

region and (ii) the share of the industry’s employment in the region’s total employment

- a relatively small industry should find it easier to attract additional workers. The first

term in the bracket is the correlation between the share of occupation o in industry i

and the share of occupation o in all other industries, weighted by the inverse of the share

of occupation o in the total regional employment. The weighting reflects the fact that

occupations in short supply in the region are particularly constraining for an industry’s

expansion and carry a higher weight. The fraction L−ir/Lr on the other hand captures

the fact that a relatively small industry should find it relatively easier to expand. The

index Seir therefore captures the two relevant characteristics of an industry in determining

the ease of response in employment: similarity in the use of occupations between industry

i and other industries in r and the share of the industry in the total employment of the

region. The same intuition applies for an expansion in the value of another industry

m. To expand, it will draw labour away from industry i, the more so the stronger the

similarity of the occupational mix of industries i and m and the larger the employment

share of industry m in the region, and the more mobile are workers between industries.

Hence, Seimr terms reflect the degree of competition between industries on scarce labor

based on the differences in occupational use across industries and industry specialization

patterns across regions.

Note that the same reasoning applies to the case where the value of industry i’s
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production contracts (e.g. Ŷir < 0). In this case, employment of industry i (Lior) should

decrease relatively more if workers can easily move to other industries, i.e. if ν is large,

if the occupational intensity of other industries is similar to i’s or if other industries are

relatively large compared to i. If labour cannot easily be reallocated to other industries

on the other hand, the model predicts that wages should take the bulk part of the

adjustment. In reality, workers may also become unemployed if their industry contracts.

Unemployment is a way to shed labour independently of the mobility of workers between

industries, and the index Seir may thus be of lesser importance for contracting than for

expanding industries. However, we expect that workers should be more willing to accept

wage cuts if they have less outside options, thereby making employment less sensitive to

reductions in demand. In this light, we expect that the index Seir should affect the extent

to which employment responds to the growth rate of the industry even for contracting

industries.

We now turn to the determination of the vector {Ŷir}i∈I in region r as a function of

exogenous changes to the price vector. Totally differentiating (2.9) gives:

Ŷir

1 +
ν − 1

ε

(∑
o

ωior
Lior
Lor

)
︸ ︷︷ ︸

Sciir

 = (ν + ε− 1)p̂i −
ν − 1

ε


∑
m 6=i

Ŷmr

(∑
o

ωior
Lmor
Lor

)
︸ ︷︷ ︸

Scimr


(2.12)

where ωior ≡ wiorΛior/(piyir) is the cost share of occupation o in the industry-region

pair ir, with
∑

i∈I ωior = 1 from perfect competition. The index Scimr (0 ≤ Scimr ≤ 1) is

similar to Seimr in that it captures the similarity in occupational use between industries i

and m in region r and the employment shares of industries, with the only difference that

the weights are not based on the employment share of occupation o in industry i, but

on its cost share. It shows that the value of production of industry i is more reactive to

changes in pi if it can easily recruit workers from other industries in occupations which

account for a large share of its costs. On the other hand, an expansion of the value

of other industries tends to reduce the value of industry i. Industry i is particularly

sensitive to the growth of industry m if m uses intensively occupations which account

for a large share of i’s costs and it constitutes a large share in regional employment.

Equation (2.12) must hold for each industry in a region, thereby establishing a system

of I linear equations in I unknowns. Solving this system allows expressing each Ŷir as
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a linear combination of the price changes in all industries. By (2.11), it also implies

that changes in sectoral employment at the regional level can be expressed as a linear

combination of the change in industry prices. We denote the vector of employment

growth in region r as L̂r ≡ {L̂ir}i∈I and the vector of price growth as p̂ ≡ {pi}i∈I .

Furthermore, we define Ser and Scr as the respective matrices of Seimr and Scimr where i

refers to the rows and m to the columns of the matrix. Since Seir = 1− Seiir, (2.11) and

(2.12) can be combined to give:

L̂r = ν (I − Ser)
(
I +

ν − 1

ε
Scr

)−1

︸ ︷︷ ︸
Er

p̂. (2.13)

The effect of price changes on regional employment in different industries is governed

by the matrix Er, which captures the (scaled by ν) own and cross price elasticity of

employment in region r. Er, which will be at the core of our empirical analysis, combines

the mechanisms behind the two relationships (2.11) and (2.12). An increase in the price

of a good raises the value of production in a region - the more so the more easily the

industry can recruit the workers it needs (captured by (I + (ν − 1)/εScr)
−1 - the index

based on cost shares). A given increase in the value of production further translates

into more employment in regions where the industry finds it easier to recruit workers

(captured by I − Ser - the index based on employment shares).

2.2.4. National Growth of Industries

By definition, the national growth of industry i (L̂i) is a weighted sum of the regional

growth rates of that industry:

L̂i =
∑
r

χirL̂ir (2.14)

where χir = Lir/Li represents the share of region r in the national employment of

industry i. We denote χr as the vector of χir in region r and L̂ as the vector of national

employment growth. Combining (2.13) and (2.14) yields:

L̂ = ν

(∑
r

χr ◦Er

)
︸ ︷︷ ︸

E

p̂ (2.15)

where ◦ is the Hadamard product of the two vectors (element by element multiplication).

Equation (2.15) shows the matrix of price elasticity of employment at the national level.
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It proves that (i) the national growth rate of an industry’s employment is a weighted

sum of the growth rate of prices in all industries, (ii) an industry responds more to an

aggregate shock in its own price if a larger share of its employment is located in regions

where the employment elasticity is high. The national price elasticity of employment is

a weighted sum of its regional counterparts.

2.3. Empirical Strategy and Main Results

Our model predicts that the immobility of labour between regions and between occu-

pations constitute two sources of frictions hampering the short-run responsiveness of

industry-specific employment. In particular, we predict that an industry’s employment

will react more strongly to price shocks in regions where our flexibility index is larger, i.e

in regions where the industry (i) accounts for a small share of regional employment and

(ii) is close to neighboring industries in terms of occupational mix. Following these in-

sights, we test our model using the cross-regional variation in employment growth within

an industry.

In addition to being a natural choice considering the structure of our model (see

(2.13)), using region-industry pairs as our unit of observation also provides a solution

to the “degrees of freedom problem” which would plague an analysis using solely cross-

industry variation in employment growth at the national level (i.e. an analysis based on

an empirical counterpart to (2.14)). This problem has been recognised in recent years,

and we follow a growing literature using regional variation to test the effect of nationwide

shocks13.

2.3.1. Empirical Strategy

To test our model, we could use changes in output prices at the national level as our

primitive shocks, predict the regional employment growth of an industry using equation

(2.13) and test if the predicted value is in line with its observed counterpart in the

data. Using price shocks is however problematic for three reasons. First, obtaining

reliable price data for detailed industries is difficult. The lack of reliable prices for many

13See Chiquiar (2008), Hanson (2007), Topalova (2007), Topalova (2010), Kovak (2012) and Autor

et al. (2012).
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tradable goods has been recognised in the literature (Autor et al. (2012)), and data on

the prices of non-tradables are even more problematic. Second, an increase in prices can

reflect either a decrease in U.S. productivity or an increase in U.S. demand, with opposite

consequences for employment in the industry when the demand elasticity is larger than

one. This is a particular concern for non-tradable goods, for which price changes are

less likely to come from external forces to the U.S. economy. Third, the adjustment

of employment to price changes can be sluggish in the presence of additional sources

of frictions such as labour regulations, unionisation or search and matching, making it

difficult to design an appropriate lag structure for our regression equation.

To circumvent these problems, we show that our model predicts a close connection

between the national and the regional employment growth of industries14, as evident

from combining (2.13) and (2.15):

L̂r = Er

(∑
r

χrEr

)−1

L̂ = RrL̂ (2.16)

where Rr is the regional matrix of employment responsiveness to national employment

growth that derives from the theory. It maps the vector of national employment growth

in all industries to its regional counterpart in r and relates observable outcomes between

which a contemporaneous relationship is likely to hold15. The diagonal entries of Rr are

positive while the off-diagonal entries are typically negative, reflecting the competition

for occupations between industries.

As shown in (2.16) and as discussed in section 2.2, our model predicts that the growth

in national employment of industry i not only affects the regional growth of i (the “own-

industry effect”), but also the regional growth of all industries j 6= i (the “cross-industry

effect”). In the following, we decompose the predicted growth of employment in industry

i and region r into the effect of industry i′s national growth (L̂ownirt ) and the effect of the

14We address at the end of this section the issue that regional and national growth are mechanically

related since the second is a weighted average of the first over all regions.
15Using national employment changes to explain regional employment growth dates back to Blanchard

et al. (1992) or Bound and Holzer (2000). Blanchard et al. (1992) study the heterogeneous response of

states to national employment shocks and find evidence of a contemporaneous relationship. Lagged and

led national growth are insignificant.
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national growth of all other industries (L̂crossirt ):

L̂irt = RiirL̂it︸ ︷︷ ︸
L̂ownirt

+
∑
j 6=i

RijrL̂jt︸ ︷︷ ︸
L̂crossirt

, (2.17)

where L̂irt is the employment growth of industry i in region r in year t. We include

the two components L̂ownirt and L̂crossirt separately to allow for the own and cross-industry

effects to have different explanatory power. As an empirical counterpart to (2.17), we

use:

L̂irt = β0 +β1L̂
own
irt +β2Riir+β3L̂it+β4L̂

cross
irt +γX irt+θXrt+αi+αr+αt+εirt, (2.18)

where we discuss in the following our choice of controls. The coefficients of interest,

β1 and β4, capture the average comovement between the actual employment growth

and the two components of predicted growth: the own-industry and the cross-industry

effects. We expect β1 and β4 to be positive. We include an industry dummy (αi) to

identify the cross-regional variation in employment growth and time fixed effects (αt)

to control for macroeconomic shocks common to all region-industry pairs. To control

for the time-invariant heterogeneity in employment growth which may be correlated

with the employment responsiveness across regions, we also include region (MSA) fixed

effects (αr). We replicate our analysis by controlling for time-varying industry specific

effects (αi ∗αt) and present the corresponding results, which are in line with our baseline

findings, in the Appendix 2.7.2. X irt and Xrt include additional controls, which differ

across specifications.

Controlling directly for our measure of responsiveness Riir captures a possible source

of bias in our estimation. Industries using similar occupations to neighboring industries

may benefit from “thick labour market externalities” and see their productivity and em-

ployment grow more over time. This mechanism, in line with Marshallian externalities,

would cause a positive correlation between an unobserved factor raising Lirt and the ease

with which an industry can expand or shed labour (Riir), thereby biasing our estimates16.

Including Riir in our estimating equation should to some extent control for this bias. To

16This argument is closely linked to the issue that industry location in the U.S. is endogenous, and

that industries are likely to relocate towards regions with a large Riir due to Marshallian externalities.

This would create a spurious correlation between Riir and L̂irt which we address by controlling for Riir.
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ensure that there is no issue of reverse causality from L̂irt to our measure of responsive-

ness, we use a beginning of sample measure of Riir, which is unlikely to be affected by

subsequent region-industry shocks to employment. We assess the importance of includ-

ing Riir in (2.18) by replicating our analysis without controlling for Riir and present the

results, which yields larger estimates of β1 and β4, in the Empirical Appendix.

Our identification strategy also requires that regional shocks to an industry’s employ-

ment are uncorrelated with the national growth of that (or any other) industry. Since

national employment growth is a weighted sum of regional employment growth rates,

this assumption appears mechanically violated. We approach this issue in two different

ways. First, if a region only employs a small fraction of the national workforce of an

industry, its effect on the national employment growth should be negligible. Since, in

our sample, almost 93 percent of observations refer to region-industry pairs employing

less than 1 percent of the national industry employment, the small industry assumption

should be a valid approximation17, giving us some confidence that national shocks can

be considered exogenous from the perspective of such region-industry pairs. Second, we

replicate all the analysis by excluding (i) the employment in the MSA of an industry,

(ii) state employment in which an MSA-industry pair is located and (iii) the employ-

ment within a distance of 250 or 500 kms while constructing the national employment

changes. These alternative ways ensure that the predicted employment growth for an

MSA-industry does not incorporate the region specific shocks. None of our qualitative

results are affected by these alternative treatments.

2.3.2. Data

To construct our matrix Rr in (2.16), which maps national to regional employment

growth, we combine beginning of sample data on (i) the share of each industry’s employ-

ment and total wage bill accounted for by each occupation at the national level (Lio/Li

and ωio) with (ii) the industry employment at the regional level taken from the County

Business Patterns (CBS) database of the U.S. Census Bureau.18

17This observation also points out the importance of defining regional units as precisely as possible

while investigating the regional evolutions given the national changes.
18While constructing Rr, we implicitly assume that the employment and wage shares of occupations

within an industry are constant across regions. These assumptions, motivated by data availability, are

not mutually consistent: a constant employment share is consistent with a Leontieff production function
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Employment Data at the Industry Level are taken from the County Business

Patterns (CBS) database of the U.S. Census Bureau. We use employment data on 4-

digit NAICS industries in Micro- and Metropolitan Statistical Areas (henceforth, MSAs)

between 2003 and 2008. Using MSAs rather than counties as our regional unit of ob-

servation has two important advantages. First, an MSA is defined as a collection of

geographically close counties between which labour mobility is high whereas mobility

across MSAs is relatively low. MSAs are therefore closer to the economic meaning of a

region in our model than counties, between which there may be large short-run migra-

tions. Second, employment data of county-industry pairs show a very large number of

missing observation, due to imprecise estimations or to privacy reasons. Using MSAs,

which are larger than counties, mitigates that concern. Even at the level of MSAs, how-

ever, industry-specific employment is not reported in many instances. For all missing

observations, the CBP reports an approximate firm size distribution in the MSA-industry

pair, with an upper and lower bound for employment. We use that information to recon-

struct the MSA-industry employment in each year as explained in the data appendix.

We show in section 2.4 that our results are not driven by the particular procedure in

which we construct these approximations. In all our empirical exercises, we exclude

the MSA-industry pairs employing less than 100 workers, which are quite sensitive to

mis-measurement or idiosyncratic shocks.

The time span of the empirical analysis is dictated by data comparability issues and

the abrupt changes in macroeconomic conditions. Since the borders of MSAs change

after every census (with a 3 year delay), we start our analysis from the last change in

2003 and stop it in 2008 due to the recent economic downturn. We also exclude outliers

for the dependent variables and the variables of interest in all estimations presented

below by trimming the lower and upper 1 percentile. None of our results depends on

that particular threshold.

Data on Occupations are taken from the beginning of sample version of the Occu-

pational Employment Statistics (OES) of the Bureau of Labor Statistics. Occupations

are defined at the 6-digit level of the standard occupational classification system (e.g.

“economists” or “computer programmers”). The OES reports the share of the national

while a constant cost share is consistent with Cobb Douglas. Nevertheless, our model suggests a way to

solve this issue which we discuss in detail in Section 2.4.3.
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employment of an industry accounted for by each occupation (Lio/Li) as well as their

share of the national wage bill of the industry19.

Finally, the computation of the matrix Rr requires making an assumption about the

value of the ratio of parameters (ν−1)/ε (see (2.13)). Due to the lack of existing literature

on the parameter ν, we decide to set this ratio to 1 in our baseline exercises20 and test

the sensitivity of our results to different values of this ratio in section 2.4. Further details

of the exact computations of all variables, sources for additional controls and descriptive

statistics of relevant variables are available in the Data Appendix.

After presenting the results of our baseline specification (2.18) in Section 2.3.3, we

turn to a number of robustness tests to check the sensitivity of our results to the presence

of alternative explanations, modeling assumptions and treatments of the data in Section

2.4.

2.3.3. Main Results

Table 2.1 presents estimates of the determinants of the MSA-industry employment

growth and shows the performance of our measure in explaining the cross-regional vari-

ation in industry employment growth given the national employment changes. Each

column of Table 2.1 shows the estimation of a different version of equation (2.18), with

all standard errors clustered at the industry-year level. As shown in Table 2.1, L̂ownirt is

strongly significant with a positive sign in all specifications. This finding implies that

spatial variation in industry mix and the closeness of industries on the occupational space

are successful in projecting the national shocks onto regional economic units. In our pre-

ferred specification (Column 5), the point estimate of β1 is 0.914. This indicates that

there is almost one-to-one relationship between the observed employment change of an

MSA-industry and the one predicted by our model in response to a national employment

shock in this particular industry. Consider two MSA-industries which are at the 25th

19When labour is the only input and under perfect competition as we assumed, total industry output

is equal to the total wage bill of the industry which justifies the computation of ωio using total wage

bill instead of total output. We test the robustness of our results to the labour share of industries by

replicating our analysis for the industries with low and high labour share separately. All our qualitative

results are robust to this additional control.
20In a contemporaneous work, Hsieh et al. (2013) arrive at a similar value using data from Decennial

Censuses from 1960 to 2000 and 2006-2008 American Community Surveys.
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and 75th percentile of the Riir distribution. When the industry employment changes 1

percent at the national level, the latter responds 0.97 percent while the former responds

only 0.86 percent. The point estimate for the cross-industry effects, β4, is 0.220 and sig-

nificant at 1 percent. This shows that occupational similarity is important in predicting

the impact of employment changes in other industries. In sum, we find strong evidence

that the employment in the MSA-industries located closer to similar MSA-industries in

terms of their occupational mix respond more to aggregate employment changes.

In addition to our main finding, we observe that initial size is a strong predictor of the

sub-sequent employment growth of an MSA-industry as initially larger industries grow

significantly slower. The national employment growth is insignificant, which reflects the

inability of aggregate employment changes to explain the short-run changes in regional

employment when the regional units are relatively small. Lastly, the cross-industry

effects are very sensitive to the control for regional heterogeneity. Once we control for

the different sources of time-varying heterogeneity in MSA-level employment growth,

they appear to be important determinants of industry growth. We will elaborate on

this point when discussing the sensitivity of our benchmark results to the modeling

assumptions.

2.4. Robustness Checks

In this part, we test the sensitivity of our main results on three dimensions. First, we

check whether our result is robust to controlling for alternative explanations, which could

give rise to an omitted variable bias. Second, we relax three modeling assumptions and

allow for a limited degree of geographic mobility, occupational mobility and unemploy-

ment. Third, we consider the robustness of our results to different ways of treating the

data21.

21We also conduct numerous additional robustness tests. Among others, we use 2-year averages instead

of yearly data, split the sample between industries with high and low labour shares, exclude 2008 to

control for the recent economic downturn or use a 2-digit occupation definition instead of the 6-digit

one. These results are not reported but are available upon request. None of our qualitative results are

affected.
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Table 2.1: Main results

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

L̂irt L̂irt L̂irt L̂irt L̂irt L̂irt L̂irt

Resp. x Nat. growth (L̂ownirt ) 0.852∗∗∗ 0.853∗∗∗ 0.888∗∗∗ 0.640∗∗∗ 0.914∗∗∗ 0.973∗∗∗ 1.433∗∗∗

[4.43] [4.42] [4.50] [3.59] [5.33] [5.73] [6.24]

Resp. (Riir) 0.261∗∗∗ 0.263∗∗∗ 0.261∗∗∗ 0.170∗∗∗ 0.018 0.015 0.013

[26.48] [26.08] [26.08] [19.11] [1.40] [1.17] [0.97]

Nat. growth (L̂it) -0.034 -0.035 -0.033 0.204 -0.078 -0.146 -

[-0.18] [-0.18] [-0.17] [1.16] [-0.46] [-0.87] -

Cross-ind. effect (L̂crossirt ) 0.140 0.090 -0.251∗∗∗ 0.220∗∗ 0.362∗∗∗ 0.221∗∗

[1.81] [1.18] [-3.53] [2.66] [4.15] [2.65]

Log init. size (ln(Lir,2003)) -0.045∗∗∗ -0.076∗∗∗ -0.076∗∗∗ -0.076∗∗∗

[-38.38] [-34.21] [-34.33] [-34.16]

Industry FE’s Yes Yes Yes Yes Yes Yes No

Year FE’s No No Yes Yes Yes No No

MSA FE’s No No No No Yes No Yes

MSA*Year FE’s No No No No No Yes No

Industry*Year FE’s No No No No No No Yes

N 356470 356470 356470 356470 356470 356470 356470

R2 0.034 0.034 0.035 0.065 0.074 0.087 0.049

The dependent variable is L̂irt, the MSA-industry growth rate of employment. “Resp.” is the MSA-industry specific

responsiveness measure, given by the corresponding diagonal entry of the Rr matrix as defined in (2.16). Standard

errors are heteroscedasticity robust and clustered at the industry*year level. t-statistics in brackets ∗ p < 0.05, ∗∗

p < 0.01, ∗∗∗ p < 0.001. All regressions include a constant.
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2.4.1. Alternative Explanations

Mean Reversion: A potential source of bias for our estimates may come from the

existence of mean reversion in employment levels. Some economic forces apart from

labour availability may prevent industries from growing too large or becoming too small

in a particular region (for example, the availability of industry-specific amenities may

be a concern). In such a case, if an industry accounts for a large (small) share of

regional employment compared to the national average, we would expect employment

to decrease (increase) in that particular region-industry pair, or to increase less (more)

quickly than in other regions if the national shock is positive. Under a positive national

shock to industry i, our model also predicts that the industry’s employment will expand

comparatively less in regions where industry i accounts for a large share of employment,

as it struggles to find the labour needed to grow. Such a mean reversion may therefore

bias our estimate of β1 upward22. To control for mean reversion, we include both the

relative size of an MSA-industry with respect to the total MSA employment in 2003 and

its interaction with the national employment growth. The inclusion of the interaction

term serves two purposes. First, it controls for the aforementioned bias arising from mean

reversion. Second, it tests whether the second dimension of our mechanism - closeness

to other industries on the occupational space - provides relevant information about the

cross-regional variation in employment growth which can not be explained solely by the

relative size of the MSA-industry. Column 1 of Table 2.2 reports the estimates for the

corresponding specification and confirms the robustness of our result. Furthermore, the

occupational dimension of our measure of responsiveness remains an important factor

explaining the regional responses to national employment changes. The interaction term

((Lir,2003/Lr,2003)∗L̂it) is negative and significant at the 10% level, showing that the MSA-

industry pairs, which are larger relative to regional employment, face larger frictions

in adjusting their labour input and respond less to aggregate shocks. This finding is

consistent with our model where large industries are less responsive to aggregate shocks

22Note however that the prediction coming from the mean reversion argument is opposite to that of

our model if the national shock to industry i is negative. The mean reversion argument would make

an industry contract more in regions where it accounts for a comparatively large share of employment,

while we predict the opposite.
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due to labour scarcity.23 The point estimate of β1 decreases in comparison to column (6)

of Table 2.1. This is intuitive in the sense that the control of the labour share interacted

with the national employment change captures the effect of the first dimension (relative

size) of our measure. The cross-industry effect is positive but only significant at the 10

percent level.

Input output linkages: An alternative explanation for our result is that the em-

ployment growth of an industry depends on the geographic proximity to industries sup-

plying its intermediate goods and not to industries using similar occupations. Such

Input-Output (IO) links between industries may bias our results to the extent that in-

dustries with strong IO links use similar occupations and that some intermediate goods

are not perfectly mobile. In this case, the occupational similarity between industries,

which determines our measure of responsiveness, may capture the IO links between in-

dustries, giving rise to an omitted variable bias. To investigate the importance of these

links, we define a new variable which captures the presence of an industry’s suppliers in

its region:

air =
∑
j 6=i

Dji
Ljr
Lir

(2.19)

where Dji designates the input share of industry j in the total output of industry i.

Hence, air, is a weighted sum of the size of the input suppliers relative to the size of

industry i in region r, where the weights are given by the national IO matrix. A larger

value of air implies that the input factors are relatively abundant for industry i in re-

gion r, so that an industry with a large value of air may be more responsive to national

employment shocks. We control for air and air ∗ L̂it in column 2 of Table 2.2 and show

that our results are robust to controlling for IO links with neighboring industries. The

proximity to input industries is insignificant as a determinant of employment growth

of an industry. While being close to input suppliers is one of the most important de-

terminants of industry agglomeration (e.g. Rosenthal and Strange (2001) and Ellison

et al. (2010)), our analysis shows that the effect of collocation with input suppliers on

23The initial share of the industry appears with a positive sign which might seem counter-intuitive.

Note that the log size of the industry together with the MSA fixed effects controls for the log share

of the industry. These two findings taken together imply that the effect of initial employment share

on subsequent employment growth is negative for small MSA-industries and the initial size-growth

relationship follows a U-shaped pattern.
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short-run employment changes is rather weak.

2.4.2. Modeling Assumptions

Geographic Mobility: Although the definition of MSAs and the recent literature

(Partridge et al. (2012)) suggest that the assumption of short-run geographic immobility

is appropriate, we here consider the impact of a violation of this assumption on our

empirical results. Such a violation might be problematic for two reasons. First, our

estimates may be biased if the migration of workers are correlated with our variables of

interest, L̂ownirt and L̂crossirt although the direction of the bias is not known a priori. Second,

the labour stock within an MSA becomes less relevant in predicting the employment

growth of industries, i.e. our theoretical index becomes an imprecise predictor of the true

employment responsiveness. Although the estimates are expected to be biased towards

zero in the presence of noisy measurement, we address this issue formally by controlling

for the growth of employed labour in the region, which captures the effects of migration

flows, but also of changes in labour force participation and unemployment24. Column 3

of Table 2.2 reports the results and shows that our findings are robust to this additional

control. Furthermore, the cross-industry effects (L̂crossirt ) of the growth in other industries

turn out to be a strong predictor of MSA-industry growth once we control for the growth

of the regional labour stock while other coefficient estimates change marginally, which

implies that 1
|Ir|
∑

i∈Ir L̂
cross
irt ∝ 1

L̂rt
where Ir is the set of industries active in region r. This

relationship is intuitive: a region with a dispersed (on the occupational space) industry

mix has a low L̂crossirt reflecting the limited interaction between dissimilar industries.

In such a region, the changes in labour demand should be satisfied (or absorbed) by

migration flows or adjustments in the labour force participation or unemployment rates

which lead to larger time-varying regional employment shocks, L̂rt. Namely, there is a

negative correlation between the mean of our measure of cross-industry effects and the

time-varying employment shocks at the regional level. It is therefore essential to control

for the time-varying regional employment shocks to fully understand the importance of

cross-industry effects, a result which is already apparent in Column 6 of Table 2.1.

Occupational Mobility: Our response matrix (Rr) relating national to regional

24We discuss the effects of relaxing the full employment assumption from a different perspective in

the following subsections.
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employment growth is based on the assumption that there is no mobility between occupa-

tions. While a growing literature points to the substantial costs of switching occupations

(Kambourov and Manovskii (2009)), infinite costs of occupational mobility is a strong

assumption. In the theory appendix 2.7.3, we extend our model to allow for some degree

of occupational mobility, meaning that workers endogenously choose their occupation

as a function of the relative wages offered by these different occupations. We show

that controlling for the share of industries in regional employment, interacted with their

national employment growth is sufficient to control for the possibility of occupational

mobility. In other words, the same controls as we introduced to capture the potential

mean reversion (Lir/Lr and (Lir/Lr) ∗ L̂it), to which we add the cross-industry counter-

part (
∑

j 6=i (Ljr/Lr) ∗ L̂jt), also capture the effect of mobility between occupations. The

intuition is as follows: if occupational mobility was perfect, different occupations would

boil down to a single input factor: labour. In such a case, the occupational dimension

of our responsiveness measure would become irrelevant, and the only remaining factor

affecting the responsiveness of an industry’s employment would be its share of regional

employment. By adding the industry’s share of regional employment separately to our

index - both its level and its interaction with national industry growth - we effectively

allow the impact of occupations to differ from the one predicted by our theory in a way

which is consistent with occupational mobility. Column 4 of table 2.2 presents the re-

sults of the corresponding estimation. The point estimates of L̂ownirt and L̂crossirt are almost

unaffected and the additional control is itself insignificant.

Unemployment: Although our model assumes that the labour force is fully em-

ployed, allowing for unemployment can be important for two reasons. First, the pres-

ence of unemployment may give rise to measurement error, causing a downward bias in

our estimates. Although the inclusion of MSA fixed effects and of the growth rate of

employed labour capture the time invariant part as well as some of the time variation

of unemployment rates, the lack of information on the composition of the unemployed

labour stock in terms of occupations gives rise to classical measurement error, which

should go against our results. Second, the possibility for workers to be unemployed

creates an asymmetry between expanding and contracting industries. While a growing

industry needs to recruit workers in the particular occupations that it uses, a contract-

ing industry can simply lay off workers regardless of the scarcity of occupations in its
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region. In this case, our measure of employment responsiveness would only be a useful

predictor of regional employment growth for expanding industries, while it would have

no explanatory power for contracting industries. In our model with full employment, the

occupational dimension matters for contracting industries as workers with lower chances

of being employed in other industries take a large wage cut to avoid being laid off. This

guarantees that employment in region-industry pairs with a low index of employment

responsiveness are also less reactive to negative shocks. In reality, a similar mechanism

may take place even in the presence of unemployment as workers in contracting indus-

tries may be more willing to negotiate wage cuts to remain employed if their occupation

is used only by few other industries in the region. Still, the above reasoning suggests

that our theoretical mechanism matters more for expanding than contracting industries.

We test for a possible heterogeneity between expanding and contracting industries by

estimating our preferred specification separately for both groups of industries. To dis-

tinguish these groups, we compute the average growth for each industry over our sample

period and use the first and the third terciles of the industry growth distribution for con-

tracting and expanding industries, respectively.25 Columns 5 and 6 of Table 2.2 show the

results of the estimations for contracting and expanding industries, respectively. In line

with our expectations, our measure performs better in explaining the regional responses

for expanding industries.

Small Regions Assumption Our identification strategy relies on the assumption

that national employment growth is not affected by shocks to employment in a particular

region. However, national employment growth is a weighted sum of regional employment

responses. Nevertheless, as long as regions are small enough from the perspective of the

national economy, a regional shock should only have a negligible effect on the national

growth of employment. In very large regions or for very large MSA-industries, however,

there might be a mechanical comovement between the national and regional growth rates.

Hence we expect that our measure (L̂ownirt ) will lose some of its explanatory power in large

MSAs at the expense of the national growth rate of the industry (L̂it). To test whether

the performance of our measure indeed differs for MSAs of different sizes, we estimate

our preferred specification for small and large regions separately. In doing so, we use

the total employed labour in an MSA in 2003 and identify those in the first and the in

25The thresholds are -4 and +2 percent growth for the first and the third terciles.
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third terciles as small and large respectively26. Column 1 and 2 of Table 2.3 present the

results. The coefficient estimate of L̂ownirt - the own effect predicted by our theory - is

close to one and very significant for smaller regions, while it is insignificant for the large

MSAs. As expected, in large MSAs, the coefficient on the national growth rate of the

industry turns positive and significant. Interestingly, the cross-industry effects (L̂crossirt )

become large and significant. In large regions, the number of active industries and level of

diversification is generally high. In such cases, industry specific aggregate shocks capture

only a small part of the relevant information to explain the MSA-industry growth. This

finding shows that incorporating cross-industry effects is important to understand short-

run employment changes of an industry, especially in large regions.

Another approach which we use to address the mechanical relationship between the

national and regional employment growth is to exclude the employment of the state

where the MSA-industry is located while constructing the national shocks. This strategy

ensures that the predicted employment growth does not incorporate MSA- or state-

specific shocks and is not mechanically related to the observed employment growth of

an MSA-industry. We replicate all the analysis using this strategy and find that none of

our benchmark results are affected.27

2.4.3. Data Construction

Weight of the cost shares of occupations: To conduct all previous regressions, we

constructed the matrix Er (see equation (2.13)) under the assumption that ν−1
ε

= 1,

which is the weight of the cost shares of occupations Scr in our measure of employment

responsiveness. Although in line with Hsieh et al. (2013), this choice is somewhat arbi-

trary. We therefore reconstruct our measure using different values of ν−1
ε

between 0.25

and 4 to test the sensitivity of our baseline results. Columns 3 and 4 of Table 2.3 present

the estimates for ν−1
ε

= 0.25 and ν−1
ε

= 4, respectively. Our results are robust to this

additional test.

Treatment of Missing Data: Employment data at the MSA-industry level are

often not reported due to imprecise estimates or privacy reasons in the CBP database.

26The thresholds are 41919 and 148738 employees for the first and the third terciles.
27We also exclude the employment in the own MSA of the industry and the employment stock within

a distance of 250 or 500 kms. The baseline findings are robust to these alternative treatments of the

national employment changes and available upon request from the authors.
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As described in the data appendix, we use the information on the approximate size

distribution of firms and on the intervals provided by the CBP to approximate the

actual employment level for each MSA-industry. Approximated values are available for

all MSA-industry-year tuples, while exact data account for only 17% of all observations.

In all our regressions, we used exact employment data only for the MSA-industry pairs

for which they are available for all years. For all other MSA-industry pairs, i.e. if exact

data are missing for at least one year, we use approximate values for all years. The reason

for this procedure is to avoid computing growth rates based on approximate values for

one year and actual ones for the next, as this would introduce additional noise in the

growth rates. To check the robustness of our results, we replicate all regressions using the

actual values whenever they are available in two consecutive years and use the growth

based on approximate values otherwise. This method increases the share of actual values

substantially but does not affect our results as can be seen in Column 5 of Table 2.3.

Unreported results show that using regressions based solely on the subsample of MSA-

industry-year observations for which growth rates are computed with non-approximated

data does not affect our estimate of β1. The cross-industry effect β4 however becomes

insignificant.

Wage and Employment Shares of Occupations: Due to the unavailability of

data on wage and employment shares of occupations at the MSA-industry level (ωior and

Lior/Lir, respectively), we assume that they do not exhibit any regional variation and we

use their national counterpart to construct the data. As argued earlier however, these

two assumptions are mutually inconsistent28. To check the sensitivity of our results to

these assumptions, first note that the “expected” wage for an occupation in our model,

wor, should be the same across all industries in a region. Indeed, multiplying both sides

of equation (2.7) by wior and using equation (2.6), we find that wor = ∆(
∑

iw
ν
ior)

1/ν ,

which is constant for an occupation in a particular region. This modified no-arbitrage

condition together with the assumption that the employment share of an occupation

within an industry is constant across regions, i.e. Lior/Lir = Lio/Li ∀r, leads to the

28The first would be correct if the production function was Cobb Douglas, while the second would

hold with a Leontieff production function.
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following expression for the wage share of an occupation o in industry i in region r:

ωior =
wor

Lior
Lir∑

o′ wo′r
Lio′r
Lir

(2.20)

To compute these wage shares, we compile data on the annual average wage share of

occupations at the regional level using regional OES data (see Section 2.7.1). We reesti-

mate our model using ωior as given by (2.20) to compute the matrix Rr and show that

our results are unaffected (Column 6 of Table 2.3).

2.5. Aggregate Consequences

In this section, we draw the aggregate consequences of our model and derive a measure

of the sector-specificity of workers in each industry at the national level. For this, we

use equation (2.15) of our model and the data described in section 2.3 to compute the

elasticity of an industry i’s national employment to its output price, which is given

by νEii in (2.15), where Eii denotes the i’th diagonal entry of the matrix E. The

vector of elasticities is important for two reasons. First, it determines the adaptability

of an economy to changes in economic conditions. The ability of an economy to quickly

reallocate labour away from ailing sectors towards growing ones is a determinant of its

short-term performance, notably its GDP growth and unemployment rate. Second, it

quantifies the degree to which workers in i are “specific” to that industry, where a higher

Eii means a lower specificity. The specific factors literature (Mussa (1974), Neary (1978))

shows that the wage of workers which are tied to an industry is very dependent on the

output price of that industry, while the opposite holds for workers who can move between

industries. Our model builds on a similar structure, but makes explicit that the degree

of industry specificity, captured by Eii, depends on the geographic proximity of similar

occupations29. From (2.15), an industry has a high Eii if it is mostly located in MSAs

where the occupations it uses intensively are abundantly present, i.e. in MSAs where

other industries using similar occupations are located. This is more likely to happen

if (i) the occupations that an industry uses are commonly used by other industries in

29The lower the Eii (the more specific the workers), the more the average wage in i will react to a

change in pi. Obtaining a measure of an industry’s worker specificity is therefore essential to understand

and quantify the redistributive consequences of industry-specific shocks or policies.
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Table 2.2: Robustness tests

(1) (2) (3) (4) (5) (6)

L̂irt L̂irt L̂irt L̂irt L̂irt L̂irt

Resp. x Nat. growth (L̂ownirt ) 0.777∗∗∗ 0.778∗∗∗ 0.804∗∗∗ 0.805∗∗∗ 0.677∗ 1.065∗∗∗

[4.53] [4.53] [4.73] [4.74] [2.55] [3.33]

Resp. (Riir) 0.041∗∗ 0.043∗∗∗ 0.041∗∗ 0.041∗∗ 0.023 -0.025

[3.24] [3.38] [3.30] [3.28] [1.06] [-1.34]

Nat. growth (L̂it) 0.098 0.097 0.068 0.066 0.167 -0.142

[0.56] [0.56] [0.39] [0.38] [0.60] [-0.47]

Cross-ind. effect (L̂crossirt ) 0.212∗ 0.211∗ 0.329∗∗∗ 0.345∗∗∗ 0.393∗∗ 0.006

[2.57] [2.55] [4.02] [4.02] [3.26] [0.03]

Log init. size (ln(Lir,2003)) -0.080∗∗∗ -0.079∗∗∗ -0.079∗∗∗ -0.079∗∗∗ -0.080∗∗∗ -0.096∗∗∗

[-33.54] [-31.43] [-31.65] [-31.65] [-19.77] [-18.73]

Lir,2003/Lr,2003 0.893∗∗∗ 0.842∗∗∗ 0.845∗∗∗ 0.845∗∗∗ 0.260 1.181∗∗

[6.56] [6.18] [6.25] [6.25] [1.12] [3.30]

(Lir,2003/Lr,2003) ∗ L̂it -6.106∗∗ -6.096∗∗ -6.454∗∗ -6.501∗∗ -10.960∗∗ -8.428

[-2.69] [-2.69] [-2.87] [-2.89] [-3.13] [-1.78]

αir ∗ L̂it -0.001 -0.001 -0.001 0.001 -0.003∗

[-0.58] [-0.59] [-0.59] [0.36] [-2.20]

αir 0.000 0.000 0.000 0.000 0.000

[1.33] [1.36] [1.36] [0.51] [0.54]

L̂rt 0.632∗∗∗ 0.630∗∗∗ 0.567∗∗∗ 0.652∗∗∗

[25.95] [25.46] [14.89] [14.86]∑
j 6=i (Ljrt/Lrt) ∗ L̂jt 0.110 0.177 -0.165

[0.69] [0.70] [-0.58]

Industry FE’s Yes Yes Yes Yes Yes Yes

Year FE’s Yes Yes Yes Yes Yes Yes

MSA FE’s Yes Yes Yes Yes Yes Yes

N 356470 356470 356470 356470 115259 119534

R2 0.074 0.074 0.078 0.078 0.075 0.089

The dependent variable is L̂irt, the MSA-industry growth rate of employment. “Resp.” is the MSA-

industry specific responsiveness measure, given by the corresponding diagonal entry of the Rr matrix as

defined in (2.16). Standard errors are heteroscedasticity robust and clustered at the industry*year level.

t-statistics in brackets ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. All regressions include a constant.
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Table 2.3: Robustness tests, cont’d

(1) (2) (3) (4) (5) (6)

L̂irt L̂irt L̂irt L̂irt L̂irt L̂irt

Resp. x Nat. growth (L̂ownirt ) 1.084∗∗∗ 0.031 0.866∗∗∗ 0.681∗∗∗ 0.619∗∗∗ 0.814∗∗∗

[3.42] [0.13] [4.54] [5.43] [4.25] [4.33]

Resp. (Riir) 0.012 -0.011 0.048∗∗ 0.034∗∗∗ 0.035∗∗∗ 0.050∗∗

[0.61] [-0.53] [2.91] [4.03] [3.39] [2.86]

Nat. growth (L̂it) -0.281 0.848∗∗∗ 0.021 0.176 0.171 0.065

[-0.87] [3.49] [0.11] [1.36] [1.15] [0.35]

Cross-ind. effect (L̂crossirt ) -0.104 0.425∗∗∗ 0.404∗∗∗ 0.248∗∗∗ 0.241∗∗∗ 0.235∗∗∗

[-0.77] [3.42] [3.91] [3.84] [3.31] [3.47]

Log init. size (ln(Lir,2003)) -0.207∗∗∗ -0.071∗∗∗ -0.080∗∗∗ -0.077∗∗∗ -0.062∗∗∗ -0.0790∗∗∗

[-27.40] [-20.12] [-32.21] [-30.00] [-31.44] [-32.38]

Lir,2003/Lr,2003 3.994∗∗∗ 3.660∗∗∗ 0.879∗∗∗ 0.777∗∗∗ 0.524∗∗∗ 0.935∗∗∗

[16.52] [8.29] [6.16] [6.25] [7.73] [6.82]

(Lir,2003/Lr,2003) ∗ L̂it -1.194 -4.595 -7.975∗∗∗ -4.876∗ -3.340∗ -6.695∗∗

[-0.37] [-1.00] [-3.46] [-2.30] [-2.46] [-3.21]

L̂rt 0.608∗∗∗ 0.593∗∗∗ 0.630∗∗∗ 0.632∗∗∗ 0.554∗∗∗ 0.626∗∗∗

[18.15] [14.22] [25.55] [25.32] [27.29] [25.58]∑
j 6=i (Ljrt/Lrt) ∗ L̂jt -0.280 0.614∗ 0.198 -0.018 0.054 0.073

[-1.11] [2.35] [1.19] [-0.12] [0.39] [0.46]

αir ∗ L̂it 0.005 -0.001 -0.001 0.000 -0.001 -0.001

[0.10] [-0.96] [-0.80] [0.26] [-1.26] [-1.07]

αir -0.007∗∗∗ 0.001∗∗∗ 0.000 0.000 0.000 0.000

[-4.47] [4.59] [1.47] [1.86] [1.27] [1.39]

Industry FE’s Yes Yes Yes Yes Yes Yes

Year FE’s Yes Yes Yes Yes Yes Yes

MSA FE’s Yes Yes Yes Yes Yes Yes

N 114680 122257 355904 357577 354081 354595

R2 0.125 0.074 0.078 0.078 0.077 0.077

The dependent variable is L̂irt, the MSA-industry growth rate of employment. “Resp.” is the MSA-

industry specific responsiveness measure, given by the corresponding diagonal entry of the Rr matrix as

defined in (2.16). Standard errors are heteroscedasticity robust and clustered at the industry*year level.

t-statistics in brackets ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. All regressions include a constant.
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the economy, (ii) the industry is mostly located in MSAs where it does not account for

a large share of employment, and (iii) the industry collocates with the other industries

using similar occupations.

Before we proceed, two caveats are in order. First, we want to stress that the elastic-

ities reported in this section are those implied by our model, and therefore solely capture

the effect of our two supply side frictions, namely the lack of short run mobility between

MSAs and between occupations. Although other factors certainly matter in reality, e.g.

the demand elasticity, the aim of the present exercise is to isolate the contribution of

our two supply side frictions. Second, the vector of employment elasticity is given by

the diagonal entry of the matrix E times ν, which we do not know. Since ν scales the

employment elasticity for all sectors, we decide to ignore this common factor in the fol-

lowing and to report a normalised elasticity for all industries i, equal to Eii and with

a maximum value of one30. Since the normalised elasticity is only equal to one in a

frictionless world (with neither occupations nor geography are a source of friction) where

all industries are small, the distance from one reflects the reduction in elasticity due to

the presence of our two frictions combined.

Table 2.4 reports the value of Eii for all 2-digit sectors and for all 3-digit manufac-

turing industries31. They show a substantial variation between industries. Agriculture

exhibits the highest degree of workforce specificity (the lowest elasticity), suggesting that

employment in agriculture should be little responsive to changes in output price, but that

labour compensation should take the bulk part of the adjustment. Similarly, mining and

education have relatively specific workers. On the other hand, wholesale trade has the

highest employment elasticity. Within manufacturing, textile-related industries generally

feature a high degree of workforce specificity, while metal and machinery manufacturing

do not. The fact that workers in textile and agriculture exhibit a high degree of sector

30Note that our calculations are not totally free of assumptions about the parameters ν and ε as

these enter the matrix A . All computations presented in this section are based on the assumption that

(ν − 1)/ε = 1. We have recomputed all results of this section for (ν − 1)/ε = 0.25 and (ν − 1)/ε = 4.

The qualitative conclusions, and in particular the ranking of sectors are left unaffected.
31For aggregation at the 2 or 3 digit level, we compute the weighted average of all own price elasticities

at the 4-digit level, where the weights are determined by the share of employment that a given 4-digit

industry accounts for in its corresponding 2 or 3 digit sector. Using an unweighted average instead of

a weighted average does not change the results much. A full set or results for each 4-digit industry is

available from the authors upon request.
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specificity is of particular interest considering that these sectors are among the most

protected in the United States. The argument that workers in these branches find it

difficult to move to other industries is confirmed by our model.

To obtain a better understanding of the driving forces behind the values of Eii in

column (1), we compute two benchmark cases, corresponding to our two types of frictions.

The first, reported in column (2), shows the value that Eii would take if workers could

change occupation costlessly but still could not migrate between MSAs. As shown in

Table 2.4, column (2) is very close to 1, meaning that no industry is primarily located in

MSAs where it accounts for a large share of employment. The geographic frictions alone

can therefore not explain much of the heterogeneity in elasticities highlighted in column

(1)32. The second benchmark, shown in column (3) of both tables, is the normalised

elasticity which would result if workers could migrate at no cost but were unable to

change occupations. At the 2-digit level, column (3) tracks column (1) very closely.

Column (4) makes this close fit explicit by showing the extent to which the occupational

dimension alone can account for the deviation of the normalised elasticity from the

frictionless case33. For all 2-digit sectors, the occupational dimension accounts for at

least 60% of this deviation, and for most sectors at least 90%. Interestingly, the two

sectors for which this fraction is lowest are mining and manufacturing, for which we

would expect a higher degree of geographical concentration, respectively due to the

location of natural resources and to the importance of spillovers (Ellison et al. (2010)).

These results suggest that the occupational dimension contributes more than the spatial

dimension to the cross-industry heterogeneity in worker specificity.34

32Note that the values for the 2 and 3 digit sectors in column (2) are also weighted averages over

those of the corresponding 4-digit sectors. Even if a 2-digit sector represents an important part of total

employment in the MSAs where it is present, it may be that each of the 4-digit industries composing it

accounts for a small share of local employment, in which case the value of column (2) is close to 1. The

measured importance of geography is not independent of the level of aggregation chosen.
33Column (4) is computed as (1− Column(3))/(1− Column(1))
34We should note that there is also a third component of the frictions due to the interaction between

geographic and occupational immobility of labour. For instance, in the first row of the upper panel of

Table 2.4 geography alone explains virtually none of the total fricitons for the 2-digit NAICS industry,

“Agriculture, Forestry, Fishing and Hunting”, whereas occupational immobility alone explains only 76

percent as reported in Column 4. This suggests that almost 23 percent of the deviation from one is

explained by the interaction between the occupational and geographic immobility of workers.
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Table 2.4: This table shows the elasticity of labor demand for 2-digit sectors and 3-digit manufacturing

industries in the upper and lower panel, respectively. The first column presents the diagonal entries

of the matrix E in (2.15) under geographic and occupational immobility, the second (third) column

provides the elasticity of labor demand when we assume perfect spatial (occupational) mobility of labor.

The last column calculates the contribution of occupational immobility relative to geography and is

equal to (1− Column(3))/(1− Column(1)).
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In Appendix 2.7.4, we provide an additional perspective on the aggregate conse-

quences of our model for the U.S. and assess the costs of occupational and geographic

frictions in terms of foregone GDP growth at the national level. In a frictionless world,

i.e. where workers can change occupation and migrate, short-run exogenous shocks to

output prices would give rise to a substantial reallocation of labour from industries with

a negative shock to those with a positive one. As we have just shown, however, the elas-

ticity of labour employment at the national level substantially differs from the frictionless

case and is heterogeneous between industries. The lack of short run labour reallocation

has a cost in terms of GDP growth which we quantify. For this, we consider the large in-

crease in the dollar price of tradable goods in the period 2005-2008 - concomitant with a

strong depreciation of the dollar - and compare the GDP growth implied by our model to

the GDP growth which would obtain in a model with no frictions. Assuming no change

in the price of non-tradables, we find that the geographic and occupational frictions cost

1.15 percentage points of GDP growth, thereby halving the growth rate which would

obtain with no frictions.

2.6. Conclusion

This paper shows that the geographical distribution of occupational employment within a

country affects the sensitivity of an industry’s employment to external shocks. We derive

a theory-based measure capturing the similarity of occupational employment between

industries and show that the geographic proximity to similar industries matters for the

response of employment to short-run demand shocks. We assess the importance of our

theoretical mechanisms in two ways.

First, we test our theory empirically at the regional level. Using data on the em-

ployment growth of MSA-industry pairs in the U.S., we show that the employment of

an industry responds more to national shocks in regions where other industries using

similar occupations are located. Second, we aggregate the regional U.S. data on industry

composition to compute our model’s prediction for the price elasticity of employment

and output of each industry at the national level. We draw two conclusions from this

exercise. First, we show that our model predicts substantial cross-industry differences
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in the degree to which workers are specific to their industry. Our model implies that

workers in agricultural sectors and in textile manufacturing are among the most specific,

meaning that they are most vulnerable to demand shocks to their own industry. Second,

we assess the efficiency loss coming from the short-run immobility of workers between

MSAs and occupations by computing the change in real GDP growth implied by our

model under two sets of assumptions: (i) geographic and occupational immobility and

(ii) perfect mobility between regions and occupations. We find that, for a price shock

similar to the increase in tradable prices between 2005 and 2008, U.S. short-run real

GDP would grow twice as quickly if workers could costlessly move between MSAs and

between occupations.

2.7. Appendix

2.7.1. Data Appendix

This appendix gives the sources of the data and the detailed procedure we followed to

treat them.

Data on MSA-industry Employment and Employment Growth

We use employment data from 2003-2008 for MSAs in 4-digit NAICS industries from the

County Business Patterns data (CBP) of the Census Bureau. MSAs include both Microp-

olitan Statistical Areas, with an urban core of 10.000 to 49.999 persons and Metropolitan

Statistical Areas, with an urban core of more than 50.000 persons. The main concern

with the CBP is the prevalence of missing data, which are either not reported due to

confidentiality issues or due to poor quality. Considering the high level of disaggregation

that we use (4-digit NAICS employment per MSA), a large fraction of the observations is

missing (only 17% of all MSA-industry observations have non-missing data in all years).

For all observations, however, the CBP also reports an approximation of the firm size

distribution, which consists for each MSA-industry-year tuple in the number of firms in

each size bin (e.g. 2 firms between 1-4 employees and 3 firms between 10-19). The CBP

also reports for each observation an upper bound and lower bound for the number of em-

ployees in an MSA-industry-year. For each observation, we compute an approximation
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of employment by (i) assuming that all firms within a size bin have the average of the

upper and lower bound of the bin, (ii) multiplying the obtained size by the number of

firms in the bin, and adding up over bins, (iii) truncating the obtained value at the lower

or upper bound provided by the CBP if the computed value lies outside. In our example,

that means 2*2.5+3*14.5=48.5 employees if this lies between the bounds of the CBP. If

the CBP reports that employment lies between 30 and 45 for that MSA-industry-year

observation, we would then use 45 as the number of employees.

In the main part of the analysis, we compute the growth rate of employment as the

growth rate of the approximation, except for the MSA-industry pairs which report exact

employment data every year. This procedure ensures that the change from approximated

to exact data does not cause additional noise. For example, consider an MSA-industry

pair which in reality has 100 employees from 2003 to 2005, and for which we approximate

110 employees each year by using the size distribution of firms. Assume that the CBP

only reports the actual data in 2004. If we were to use actual data whenever available

and approximated data otherwise, we would measure in this situation a contraction of

employment by 10 employees in 2004 and a growth of 10 employees in 2005. To avoid

generating such noise, we use either only approximations or only actual data but never

mix the two. In Section 2.4.3, we experiment with an alternative method: taking actual

data to compute the growth rate of employment whenever actual data are available two

years in a row for an MSA-industry pair. This procedure relies more on actual data

without being subject to the noise previously described.

Data on Occupations and the Computation of Rr

Data on occupations are from the Occupational Employment Statistics (OES) of the

Bureau of Labor Statistics (BLS). The OES reports data on the employment and wage

of each occupation and each industry at the national level. We use these data to compute

the matrices Ser and Scr. We compute Lio/Li as the beginning of sample share of industry

i’s employment accounted for by occupation o and ωio as the total wage paid by industry

i to occupation o as a fraction of total wage payments of industry i at the beginning of

sample.

The OES data reports some missing observations at the detailed 4-digit NAICS/ 6-

digit SOC level. In particular, data on employment and/or wages of an occupation may
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be missing for two reasons: privacy concerns and poor quality of the data. Observations

are typically only missing for occupations which account only for a small fraction of an

industry’s employment.

To account for missing data in an efficient way, we use the data on occupations from

the OES surveys for May 2003, November 2003 and May 200435 and proceed in two

steps for each industry. First, for each occupation with missing data in one or two out

of the three surveys, we assign the share of that occupation in the industry in the other

surveys, scaled by the share of the 2-digit occupation in the industry. For example, if

the occupation “economists” is missing in industry “Universities” in 2003 but not in 2004,

we impute to the 2003 data a share of economists in universities given by (i) the share

of economists in all the technical occupations used by the Universities in 2004 times

(ii) the share of technical occupations in universities in 2003. Second, we add up the

(imputed and original) shares for all 6-digit occupations of an industry in each survey

and use for that industry the data on the survey for which the sum of shares is closest

to 1. Combining the occupation data with the employment data from the CBP, we have

a total of 289 industries and 922 MSAs.

Industry Correspondence

The industry classification system used by CBP changes over time. While the data from

2003 to 2007 are in NAICS 2002, the data in 2008 are in NAICS 2007. To get a consistent

industry classification over time, we use a 6-digit concordance table to match 2008 data

to NAICS 2002. We keep the data as they are if the change in a 6-digit code does

not result in a change at the 4-digit and do the necessary updates otherwise. The only

non-trivial update relates the 6-digit NAICS 2007 industries falling under more than one

4-digit NAICS 2002 codes. In these rare cases, we assign the 6-digit industry to its first

match.

35There is here a tradeoff between using data on beginning of the sample only, which is warranted

for exogeneity concerns, and the fact that May and November 2003 have less precise information than

May 2004, in which there are many less missings. There are two reasons why we think that this is not

a concern to use May 2004. First, the occupational data are collected on a rolling basis, where only 1/3

of the observations are replaced each year. The data for May 2004 is therefore based for 2/3 on earlier

observations. Second, we ran the whole analysis based on the May 2003 data only and did not find any

qualitative difference.
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Additional Data Sources

National growth rates per 4-digit industry come from the Statistics of U.S. Businesses

(SUSB) of the Census bureau.

Input Output data come from the Bureau of Economic Analysis standard make and

use tables for 2002. To compute the matrix of Dji in (2.19), we multiply the transpose

of the make matrix by the use matrix.

Regional wages for occupations (wor) are needed to compute ωior as defined in

(2.20). The OES publishes estimates of these for metropolitan state areas and some mi-

cropolitan regions, the latter are however not defined along the lines of the micropolitan

state areas reported in the CBP data. The OES also reports state estimates of wages

per occupation, which we use as a proxy for the wage of occupations in the micropolitan

areas located in that state36. We use the metropolitan and the state estimates of the

OES from 2005. Although the new definition of MSAs is based on the 2000 census, it is

only implemented as of 2003 in the CBP and as of 2005 in OES37.

Descriptive statistics

Table 2.5: Descriptive statistics

Variable Min Median Average Max Obs

Employees per MSA 1972 79039 330732 8378058 356470

Employees per industry 2086 526946 859372 5230878 356470

Riir 0.686 0.990 1.012 2.056 356470

Lir,2003/Lr,2003 4.55e-06 0.005 .009 0.209 356470

L̂it -0.143 0.010 0.010 0.224 356470

The figures come from the observations which are used in our empirical analysis,

hence outliers and the MSA-industries with fewer than 100 employees are omitted. For

2003, the number of MSAs per industry is 620 on average with a minimum of 28 and

36Partialing out the metropolitan state areas from the state data to obtain the is complicated by the

fact that many MSA’s are defined across state borders. Since this would create additional noise, we

prefer assigning the state average wage to the Micropolitan state areas in that state.
37The coding of Metropolitan state slightly differs between the OES and the CBP data in New

England, for which the OES does not report the MSA but the “NECTA” (New England City and Town

Areas) only. We match the NECTA (used by OES) to the MSA (used by CBP) based on their name.
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a maximum of 922 while the number of industries per MSA is 194 is on average with a

minimum of 78 and a maximum of 288.

2.7.2. Empirical Appendix

Without controlling for Riir

In this section, we replicate Tables 2.1 and 2.2 in the main text without controlling for

Riir to show that our results are not driven by its inclusion in the estimating equations

as a control variable.

Table 2.6: Main results without Riir

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

L̂irt L̂irt L̂irt L̂irt L̂irt L̂irt L̂irt

Resp. x Nat. growth (L̂ownirt ) 1.590∗∗∗ 1.584∗∗∗ 1.617∗∗∗ 1.088∗∗∗ 0.950∗∗∗ 1.003∗∗∗ 1.473∗∗∗

[6.24] [6.23] [6.33] [5.40] [5.59] [5.95] [6.52]

Nat. growth (L̂it) -0.776∗∗ -0.771∗∗ -0.762∗∗ -0.245 -0.114 -0.176 -

[-3.07] [-3.05] [-3.00] [-1.23] [-0.68] [-1.06] -

Cross-ind. effect (L̂crossirt ) -0.130 -0.186∗ -0.445∗∗∗ 0.228∗∗ 0.370∗∗∗ 0.227∗∗∗

[-1.70] [-2.48] [-6.33] [2.77] [4.26] [2.73]

Log init. size (ln(Lir,2003)) -0.0480∗∗∗ -0.0778∗∗∗ -0.0779∗∗∗ -0.0772∗∗∗

[-39.02] [-43.42] [-43.67] [-43.49]

Industry FE’s Yes Yes Yes Yes Yes Yes No

Year FE’s No No Yes Yes Yes No No

MSA FE’s No No No No Yes No Yes

MSA*Year FE’s No No No No No Yes No

Industry*Year FE’s No No No No No No Yes

Observations 356470 356470 356470 356470 356470 356470 356470

R2 0.027 0.027 0.027 0.061 0.074 0.087 0.049

The dependent variable is L̂irt, the MSA-industry growth rate of employment. Standard errors are heteroscedasticity

robust and clustered at the industry*year level. t-statistics in brackets ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Industry*Year Fixed Effects

In the benchmark empirical analyses, we control for year and industry fixed effects to

capture the macroeconomic shocks common to all MSA-industries and time-invariant

industry characteristics, respectively. In this section, we will replicate Tables 2.1 and

2.2 in the main text to show that our results are robust to the control of industry*year
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Table 2.7: Table 2.2 without Riir

(1) (2) (3) (4) (5) (6)

L̂irt L̂irt L̂irt L̂irt L̂irt L̂irt

Resp. x Nat. growth (L̂ownirt ) 0.852∗∗∗ 0.856∗∗∗ 0.880∗∗∗ 0.881∗∗∗ 0.609∗ 0.944∗∗

[4.98] [4.99] [5.19] [5.19] [2.38] [3.19]

Nat. growth (L̂it) 0.022 0.0181 -0.00894 -0.0105 0.239 -0.0199

[0.13] [0.10] [-0.05] [-0.06] [0.88] [-0.07]

Cross-ind. effect (L̂crossirt ) 0.229∗∗ 0.228∗∗ 0.346∗∗∗ 0.364∗∗∗ 0.411∗∗∗ 0.00361

[2.79] [2.78] [4.25] [4.27] [3.48] [0.02]

Log init. size (ln(Lir,2003)) -0.083∗∗∗ -0.082∗∗∗ -0.082∗∗∗ -0.082∗∗∗ -0.081∗∗∗ -0.094∗∗∗

[-39.93] [-37.41] [-37.63] [-37.65] [-22.40] [-20.89]

Lir,2003/Lr,2003 0.731∗∗∗ 0.682∗∗∗ 0.690∗∗∗ 0.691∗∗∗ 0.162 1.264∗∗∗

[5.19] [4.85] [4.94] [4.95] [0.66] [3.44]

(Lir,2003/Lr,2003) ∗ L̂it -6.098∗∗ -6.089∗∗ -6.447∗∗ -6.501∗∗ -11.54∗∗∗ -8.414

[-2.68] [-2.68] [-2.87] [-2.89] [-3.36] [-1.79]

αir ∗ L̂it -0.001 -0.001 -0.001 0.001 -0.003∗

[-0.54] [-0.56] [-0.55] [0.35] [-2.22]

αir 0.000 0.000 0.000 0.000 0.000

[1.13] [1.16] [1.16] [0.43] [0.64]

L̂rt 0.632∗∗∗ 0.630∗∗∗ 0.568∗∗∗ 0.652∗∗∗

[25.96] [25.46] [14.89] [14.85]∑
j 6=i (Ljrt/Lrt) ∗ L̂jt 0.125 0.193 -0.168

[0.78] [0.77] [-0.59]

Industry FE’s Yes Yes Yes Yes Yes Yes

Year FE’s Yes Yes Yes Yes Yes Yes

MSA FE’s Yes Yes Yes Yes Yes Yes

Observations 356470 356470 356470 356470 115259 119534

R2 0.074 0.074 0.078 0.078 0.075 0.088

The dependent variable is L̂irt, the MSA-industry growth rate of employment. “Resp.” is the MSA-

industry specific responsiveness measure, given by the corresponding diagonal entry of the Rr matrix as

defined in (2.16). Standard errors are heteroscedasticity robust and clustered at the industry*year level.

t-statistics in brackets ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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fixed effects which capture the time-varying industry specific characteristics. Column 4

of Table (2.8) corresponds to the column 7 of Table (2.1).

Table 2.8: Main results with Time-varying Industry Specific Effects

(1) (2) (3) (4)

L̂irt L̂irt L̂irt L̂irt

Resp. x Nat. growth (L̂ownirt ) 1.396∗∗∗ 1.395∗∗∗ 0.991∗∗∗ 1.433∗∗∗

[5.06] [5.06] [4.08] [6.24]

Resp. (Riir) 0.255∗∗∗ 0.256∗∗∗ 0.167∗∗∗ 0.0127

[26.13] [25.67] [18.79] [0.97]

Cross-ind. effect (L̂crossirt ) 0.0721 -0.284∗∗∗ 0.221∗∗

[0.93] [-3.98] [2.65]

Log init. size (ln(Lir,2003)) -0.0453∗∗∗ -0.0759∗∗∗

[-38.44] [-34.16]

Industry FE’s No No No No

Year FE’s No No No No

MSA FE’s No No No Yes

Industry*Year FE’s Yes Yes Yes Yes

Observations 356470 356470 356470 356470

R2 0.009 0.009 0.039 0.049

The dependent variable is L̂irt, the MSA-industry growth rate of employment. Stan-

dard errors are heteroscedasticity robust and clustered at the industry*year level.

t-statistics in brackets ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

2.7.3. Theory Appendix

Derivation of equation (2.8)

Equating the demand and supply of effective labour in each industry-occupation-region

tuple (equations (2.4) and (2.7)) gives:

wνior =
(
αio∆

−1Yir
)Ω

(∑
i′

wνi′oc

) ν−1
ν

Ω

L−Ω
or . (2.21)
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Table 2.9: Table 2.2 with Time-varying Industry Specific Effects

(1) (2) (3) (4) (5) (6)

L̂irt L̂irt L̂irt L̂irt L̂irt L̂irt

Resp. x Nat. growth (L̂ownirt ) 1.217∗∗∗ 1.214∗∗∗ 1.240∗∗∗ 1.241∗∗∗ 0.988∗ 2.345∗∗∗

[4.62] [4.61] [4.72] [4.72] [2.32] [3.57]

Resp. (Riir) 0.0369∗∗ 0.0387∗∗ 0.0373∗∗ 0.0372∗∗ 0.031 -0.0635∗∗

[2.89] [3.03] [2.93] [2.92] [1.28] [-2.69]

Cross-ind. effect (L̂crossirt ) 0.210∗ 0.208∗ 0.335∗∗∗ 0.346∗∗∗ 0.386∗∗ 0.046

[2.52] [2.50] [4.04] [3.98] [3.12] [0.25]

Log init. size (ln(Lir,2003)) -0.0796∗∗∗ -0.0783∗∗∗ -0.0788∗∗∗ -0.0788∗∗∗ -0.0792∗∗∗ -0.0955∗∗∗

[-33.54] [-31.41] [-31.65] [-31.64] [-19.70] [-18.89]

Lir,2003/Lr,2003 0.870∗∗∗ 0.823∗∗∗ 0.827∗∗∗ 0.827∗∗∗ 0.325 1.058∗∗

[6.50] [6.14] [6.21] [6.21] [1.25] [2.65]

(Lir,2003/Lr,2003) ∗ L̂it -3.894 -3.933 -4.354 -4.391 -8.763 -4.476

[-1.24] [-1.25] [-1.39] [-1.40] [-1.85] [-0.59]

αir ∗ L̂it -0.00071 -0.000699 -0.000698 0.000424 -0.00206

[-0.54] [-0.53] [-0.53] [0.16] [-1.31]

αir 0.000138 0.000141 0.000141 0.0000673 0.0000398

[1.26] [1.29] [1.29] [0.45] [0.18]

L̂rt 0.630∗∗∗ 0.628∗∗∗ 0.566∗∗∗ 0.649∗∗∗

[25.78] [25.34] [14.86] [14.77]∑
j 6=i (Ljrt/Lrt) ∗ L̂jt 0.074 0.0957 -0.099

[0.46] [0.37] [-0.34]

Industry FE’s No No No No No No

Year FE’s No No No No No No

MSA FE’s Yes Yes Yes Yes Yes Yes

Industry*Year FE’s Yes Yes Yes Yes Yes Yes

Observations 356470 356470 356470 356470 115259 119534

R2 0.049 0.049 0.053 0.053 0.057 0.064

The dependent variable is L̂irt, the MSA-industry growth rate of employment. “Resp.” is the MSA-industry

specific responsiveness measure, given by the corresponding diagonal entry of the Rr matrix as defined in (2.16).

Standard errors are heteroscedasticity robust and clustered at the industry*year level. t-statistics in brackets ∗

p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Summing up over all industries and rearranging, the geometric average of wages in an

occupation-region pair is:

∑
i

wνior = (∆Lor)
− ν
ε

(∑
i

(αioYir)
Ω

) ν+ε−1
ε

. (2.22)

Plugging the above back in (2.21) and rearranging yields (2.8). Combining (2.6), (2.7),

(2.21) and (2.22) gives:

Lior =
(αioYir)

Ω∑
i′ (αi′oYi′c)

Ω
Lor (2.23)

Λior = ∆Lor(αioYir)
ν−1
ν+ε−1

(∑
j

(αjoYjr)
Ω

) 1−ν
ν

(2.24)

Comparative statics

From (2.21), it can easily be shown that:

∑
i

wνior = (∆Lor)
− ν
ε

(∑
i

(αioYir)
Ω

) ν+ε−1
ε

. (2.25)

Plugging the above and (2.21) in (2.7) and rearranging, the total payment to occupation

o in the industry region pair ir is:

wiorΛior = (∆Lor)
ε−1
ε (αioYir)

Ω

(∑
j

(αjYjr)
Ω

) 1−ν
ν

ε−1
ε

(2.26)

To derive (2.12), we first differentiate the right hand side of (2.9) (rhs) with respect

to Ymr for m 6= i:

∂rhs

∂Ymr
= ∆pε−1

i Ω
1− ν
ν

ε− 1

ε

∑
o

αΩ
ioL

ε−1
ε

or

(∑
j

(αjoYjr)
Ω

) 1−ν
ν

ε−1
ε
−1

αΩ
moY

Ω−1
mr


=

1− ν
ε

(1− Ω)Y −1
mr p

ε−1
i Y −Ω

ir

[∑
o

wiorΛior
Lmor
Lor

]
(2.27)

where we use (2.23) and (2.26) to derive the second equality. Using the definition of ωior

as the cost share of occupation o in the industry-region pair ir, the above becomes:

∂rhs

∂Ymr
=

1− ν
ε

(1− Ω)Y −1
mr Y

1−Ω
ir

(∑
o

ωior
Lmor
Lor

)
. (2.28)

Using the above equation, the total differentiation of (2.9) gives:

Ŷir = (ν + ε− 1)p̂i +
1− ν
ε

[∑
m

Ŷmr

(∑
o

ωior
Lmor
Lor

)]
(2.29)

47



Chapter 2: Occupational Fragmentation and Sectoral Employment Adjustments

Imperfect mobility between occupations

In this section, we relax the assumption that workers are fully immobile between occupa-

tions. To model imperfect mobility parsimoniously, we now assume that workers within

an occupation are perfectly mobile between industries, but that each worker draws in-

dependently for each occupation a productivity parameter from the Fréchet distribution

(2.2). To avoid confusion with the parameter ν, which refers to the mobility between

industries, we here denote the parameter of the Fréchet distribution for occupations as

ν̃. Similarly, we define Ω̃ ≡ ν̃/(ν̃ + ε − 1). Workers choose the occupation in which

they obtain the highest income. The number of workers in region r choosing to work for

occupation o and the number of effective labour units in occupation o are respectively

given by:

Lor =
wν̃or∑
ow

ν̃
or

Lr (2.30)

Λor = ∆wν̃−1
or

(∑
o

wν̃or

) 1−ν̃
ν̃

Lr (2.31)

where Lr is the exogenous number of workers in region r.

From (2.4), the demand for effective labour units of occupation o in industry i is

given by:

Λior = αiow
−ε
or Yir. (2.32)

Equating the effective supply of occupation o in (2.31) with the demand for the oc-

cupation, given by the sum of (2.32) across all industries, pins down the wage of an

occupation:

wν̃or =

(∑
i

αioYir

)Ω̃(∑
o′

wν̃o′

) ν̃−1
ν

Ω̃

L−Ω̃
r . (2.33)

Summing up over all o, solving for
∑

ow
ν̃
or and plugging back in the above equation gives:

wν̃or =

(∑
i

αioYir

)Ω̃
∑

o′

(∑
i

αio′Yir

)Ω̃

ν̃−1
ε

L
− ν̃
ε

r . (2.34)

Using the equilibrium wor in (2.30), (2.31), and (2.32) gives the equilibrium Lor, Λor, and

Lior respectively. Note that Lior is not determined as a worker in occupation o has the

same productivity in all industries, and all that matters for an industry is the number of

effective units of labour it employs. It can for example employ many workers with a low
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productivity in the occupation and few workers with a high productivity. Workers are

also indifferent as they receive the same wage per effective labour unit in all industries.

A natural assumption is to equate the fraction of occupation o workers in industry i to

the share of effective labour units of o in i: Lior = LorΛior/Λor. From this assumption,

the size of employment in industry i is given by Lir =
∑

o Lior:

Lir =
∑
o

αioYir

(∑
j αjoYjr

)Ω̃−1

∑
o′

(∑
j αjo′Yjr

)Ω̃
Lr (2.35)

which is the counterpart to (2.10) when workers are mobile between occupations. On

the other hand, plugging the solution for wor obtained in (2.34) into (2.5) gives the

counterpart to (2.9):

p1−ε
i =

∑
o

αio

(∑
j

αjoYjr

) 1−ε
ν̃+ε−1

∑
o

(∑
j

αjoYjr

)Ω̃

ν̃−1
ν̃

1−ε
ε

L
ε−1
ε

r . (2.36)

We now turn to the comparative statics exercise. Differentiating (2.35) with respect

to Ymr for m 6= i gives:

∂Lir
∂Ymr

Ymr
Lir

= −
∑
o

Lior
Lir

Lmor
Lor

+ Ω̃

(∑
o

Lior
Lir

(
Lmor
Lor

− Lmr
Lr

))
, (2.37)

∂Lir
∂Yir

Yir
Lir

= −
∑
o

Lior
Lir

L−ior
Lor

+ Ω̃

(∑
o

Lior
Lir

(
Lior
Lor
− Lir
Lr

))
. (2.38)

The total derivative of Lir is therefore given by:

L̂ir = Ŷir

(∑
o

Lior
Lir

L−ior
Lor

)
−
∑
m6=i

Ŷmr

(∑
o

Lior
Lir

Lmor
Lor

)

+ Ω̃

[∑
m

Ŷmr

(∑
o

Lior
Lir

(
Lmor
Lor

− Lmr
Lr

))]
(2.39)

Equation (2.39) consists of two parts. The first line is similar to (2.11) with the only

difference that the coefficient Ω in (2.11) has dropped out. The reason is that we assume

perfect mobility between industries within an occupation, so that the Ω in (2.11) is now

equal to 1. The second line shows an important difference of allowing for imperfect mo-

bility between occupations. The growth of an industry m has now an additional impact

on the employment in other industries through its effect on the equilibrium supply of

given occupations.Consider the case where workers cannot switch occupations. In this
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case, growth in industry m reduces the supply of occupations used by m in other indus-

tries, an effect captured by the second part of the first line in (2.39). With occupational

mobility however, the occupations which m uses intensively (i.e. the occupations for

which Lmor/Lor − Lmr/Lr > 0) will see their supply increase, thereby dampening the

direct effect of growth in m on the other industries using these occupations. For the

occupations that m does not use intensively however, the effect goes in the opposite

direction, as some workers in these occupations will now switch to occupations used in-

tensively by industry m. The supply of occupations which are not used intensively by

the growing m industry therefore contracts, and - compared to the baseline case of no

occupational mobility - affects negatively the employment of other industries which use

these occupations. Equation (2.39) can be rewritten as:

L̂ir = Ŷir

(∑
o

Lior
Lir

(
L−ior
Lor

+ Ω̃
Lior
Lor

))
−(1−Ω̃)

∑
m 6=i

Ŷmr

(∑
o

Lior
Lir

Lmor
Lor

)
−Ω̃

∑
m

Ŷmr
Lmr
Lr

(2.40)

This formulation shows that, if Ω̃ = 0 and workers cannot move between occupations,

the indices of occupational closeness Seir and Seimr defined in (2.39) are the relevant

measures of the marginal effect of Ymr on L̂ir. If Ω̃ > 0 on the other hand, the last term

above shows that Ŷmr not only affects L̂ir through the indices of occupational closeness

but also directly through the share of employment that m accounts for in the region. If

Ω̃→ 1, workers are perfectly mobile between occupations and the occupational structure

becomes irrelevant. In this case, the share of an industry in the region’s total employment

replaces our measure of occupational closeness as the relevant index.

We now turn to the total derivative of (2.36). It can easily be shown that:

(ν + ε− 1)p̂i =
∑
j

Ŷjr

(∑
o

ωior
Ljor
Lor

)
+
ν̃ − 1

ε

(∑
j

Ŷjr
Ljr
Lr

)
. (2.41)

There are two main differences between the above equation and its counterpart with

occupational immobility and partial cross-industry mobility in (2.12). First, Ŷir enters

the equation in a similar way as all other Ŷjr when p̂i is on the left hand side. This

is due to the assumption of perfect mobility between industries. If, in (2.12), ν → ∞,

Ŷir would also enter in the same way as all other Ŷjr in (2.12). Second, (2.41) shows

that the share of an industry enters the equation separately from the measure Scimr as

defined in (2.12). The intuition is similar to the one in (2.39). If workers are very mobile
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between occupations, the occupational closeness becomes a less important determinant

of the effect of growth in an industry on employment growth of other industries.

In a similar way to (2.13), we can express the vector of the growth rates of regional

employment across industries as:

L̂r = (ν̃ + ε− 1)
(
I − (1− Ω̃)Ser − Ω̃Xr

)(
Scr +

ν̃ − 1

ε
Xr

)−1

p̂, (2.42)

where the matrix Xr is a matrix of the share of employment of each industry in the

region:

Xr =


L1r/Lr L2r/Lr ... LNr/Lr

L1r/Lr L2r/Lr ... LNr/Lr

... ... ... ...

L1r/Lr L2r/Lr ... LNr/Lr

 .

As shown by (2.42), and in line with the explanations above, the growth of employment

is less sensitive to our measures of the occupational mix (Ser and Scr), but more to

the share of regional employment in the industry. Controlling directly for the share of

employment in our estimating equation (as in Table 2.2) therefore is similar to allowing

for occupational mobility. Since the share of employment of industries enter equation

(2.42) in a highly non-linear way, we show in additional (unreported) specifications that

controlling for employment shares in a non-linear way does not affect our results.

2.7.4. Quantitative Impact of Frictions on GDP Growth

As previously argued, we expect the ability of an economy to reallocate resources across

sectors to be an important determinant of short run GDP growth. The present section

takes a step further in this direction and quantifies the impact of our spatial and oc-

cupational frictions on short run growth. For this, we compute the predicted increase

in real GDP growth stemming from an exogenous shock to the price vector under two

scenarios. The first assumes, as in our theory, the impossibility for workers to move be-

tween MSAs and occupations. The second assumes perfect mobility of workers between

MSAs and occupations. The difference in real GDP growth between the two scenarios

provides an estimate of the short-run costs of occupational and spatial immobility in the

U.S. economy.
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Computing real GDP growth

First, we compute the own and cross price elasticities of the national output of each

industry as predicted by our model, and denote the matrix elements as εin = ∂yi/∂pn ∗

pn/yi. The matrix εin is, up to a constant, very similar to the matrix of price elasticities of

employment since the ability to scale output up or down depends on the ability to recruit

or lay off workers38. Second we compute the matrix of own and cross price elasticities

which would obtain if workers were perfectly mobile between occupations and MSAs.

We denote the elements of the elasticity matrix of this “no-frictions” case as εNFin .

In a third step, detailed in Section 2.7.4, we compute an approximation of the growth

rate of real GDP based on the matrix of cross price elasticities of output at the national

level (the matrix of εin or εNFin ) and on the price vector. The difference between the real

GDP growth39 with and without our two supply side frictions is given by:

R̂GDP − R̂GDP
NF

=
∑
n

∑
i

(
siεin − sNFi εNFin

)
p̂np̂i (2.43)

where si and sNFi are the share of national GDP accounted for by industry i in the cases

with and without frictions respectively. R̂GDP and R̂GDP
NF

denote the real GDP

growth with and without frictions. Equation (2.43) has three interesting properties.

First, for a marginal change in the price vector, the product p̂np̂i is negligible and the

above expression is zero. This is an application of the envelope theorem: if the output

vector initially maximises real GDP, the change in the output vector following a marginal

change in prices does not affect real GDP. Since the effect of the spatial and occupa-

tional frictions solely come through the price elasticity of output, the costs of frictions

in terms of foregone real GDP growth is zero for small price changes. Second, consider

for simplicity the case where only the price of good i changes and where si = sNFi . Since

εNFii > εii (the reaction of output to a price change is more important when there are less

frictions), the real GDP growth must be larger in the case with no frictions. The extent

to which frictions affect the elasticity of output is key to determining the foregone real

38The strength of this connection is reinforced by the assumption that labour is the only factor of

production in the model. Formally, we derive the values of εin from (2.12) by noting that Ŷir = εp̂i + ŷir.
39We assume that each good accounts for the same share of production and consumption to concentrate

purely on the effect of our occupational and spatial frictions. Terms of trade effects, which would decrease

the real value of GDP if the U.S. imports goods of which the price goes up more strongly, are neglected

in this exercise as they do not directly relate to the the reallocation of labour between sectors.
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GDP growth. Third, as evident from (2.49), if all prices change in the same proportion,

R̂GDP − R̂GDP
NF

= 0. A proportional change of all prices does not affect the optimal

allocation of resources between sectors, and therefore makes frictions irrelevant.

The 2005-2008 shock to tradable prices

We consider as an external shock to the economy the large change in the prices of

tradable goods which followed the strong depreciation of the dollar and the boom in

world commodity prices40 between 2005 and 2008. We use the data on import prices

given by the import/export price data (MXP) of the Bureau of Labor Statistics at

the 3-digit naics level and report the full list of price changes in Table 2.12. Table

2.10 summarises the price changes at the 2-digit level. We impute the vector of price

Table 2.10: Change in tradable prices, 2005-2008

2-digit naics 2005-08 %∆ in import prices

11 Agriculture, Forestry, Fishing and Hunting +34.8%

21 Mining +62.5%

31 Food, Beverages and Textile manufacturing +8.5%

32 Wood, Paper, Chemical, Plastics, Coal manufacturing +25.5%

33 Metal, machinery, electric and electronic equipment manufacturing +8.4%

changes described in Table 2.12 into equation (2.43) and compute the difference in GDP

growth rates implied by our model between a case with and a case without spatial and

occupational mobility. Following Hsieh et al. (2013), we set ν − 1 = 3 and assume that,

in the scenario where workers are immobile between occupations, ε = ν − 1. In response

to the sole change in tradable prices over the 2005-08 period, our model predicts a real

GDP growth of 1.23% between 2005 and 2008 for the case where workers are immobile

between MSAs and occupations (i.e. using εin) but a growth of 2.37% if workers are

freely mobile between occupations and MSAs (using εNFin ), implying a growth differential

of 1.14 percentage points. Our model therefore predicts that the short-run GDP growth

following of a price shock comparable to the one observed in 2005-2008 would be twice

40Although these changes were driven to a large extent by factors external to the U.S., we do not

require that these were absolutely exogenous to the U.S. economy. We think of these numbers as

providing an interesting example of a realistic price shock that may hit the U.S. economy.
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as large if there were no spatial and occupational frictions in the U.S. Table 2.11 reports

the GDP growth with and without frictions for different values of ε and shows that the

foregone GDP growth remains large for a wide range of ε.

The above results relied partly on the assumption that the price of non-tradables

did not change over the 2005-2008 period. This assumption may however matter as the

frictions emphasised in the present paper arise when different sectors face asymmetric

shocks. A contemporaneous rise in the price of the non-tradable sectors would therefore

decrease the heterogeneity in price changes between industries and dampen the impact

of the occupational and spatial frictions. Assuming that the price of all non-tradable

sectors grew at the same rate as the CPI41, our model still predicts a 0.61 percentage

point differential growth between the scenarios with and without frictions (from 0.94

to 1.55%). Although we consider only shocks to tradable sectors, which account for a

relatively small fraction of total U.S. employment (around 12% in 2005), and although

we assume a homogeneous change in the price of all non-tradable sectors, the effect of

our two frictions on real GDP growth remains substantial.

Table 2.11: Predicted real GDP growth following the 2005-2008 change in tradable prices

Constant non-tradable prices Non-tradable prices follow CPI

Occupational and Spatial frictions

(ν − 1)/ε = 4 0.84% 0.67%

(ν − 1)/ε = 1 1.23% 0.94%

(ν − 1)/ε = 0.25 1.44% 1.08%

No frictions 2.37% 1.55%

The first column reports the simulated real GDP growth following the 2005-2008 change in tradable prices under

the assumption that non-tradable prices did not change. The second column assumes that non-tradable prices

grew at the CPI rate. The first three lines assume that there are occupational and spatial frictions, varying the

value of ε. The last line reports simulated GDP growth with no frictions. All simulations assume that ν− 1 = 3.

To compute the results for ν′ 6= ν, all numbers in the table should be multiplied by (ν′ − 1)/3.

41The average CPI grew by 10.1% over the three years, see BLS. Note that part of the rise in CPI

should be accounted for by the very large increase in import prices. CPI growth is therefore likely to be

larger than the growth of the price of non-tradables. Since a large increase in the price of non-tradables

(of the same magnitude as that of tradables) would reduce the quantitative effect of the frictions, using

the CPI for non-tradable prices provides a conservative estimate of the impact of frictions.
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Calibration

Consider two price vectors, p = {pi}i∈I and p′ = {p′i}i∈I . If the price vector changes

from p to p′, the associated change in nominal GDP is:

∆GDP =
∑
i

p′iyi(p
′)−

∑
i

piyi(p) =
∑
i

(p′i − pi)yi(p) + p′i(yi(p
′)− yi(p)). (2.44)

The growth of GDP following the price change can easily be shown to equal:

ĜDP =
∑
i

p̂isi +
∑
i

(1 + p̂i)siŷi (2.45)

where ŷi and p̂i respectively denote the growth rate of output and of prices when p

changes to p′, and where si is the share of GDP accounted for by industry i at prices

p (si ≡ piyi(p)/(
∑

n pnyn(p))). The first sum in (2.45) reflects a pure valuation effect:

if the price of good i increases, it causes a mechanical increase in the value of nominal

GDP. In terms of real GDP however, the effect is unclear and depends on whether the

fraction of good i in total spending on consumption is larger or smaller than si (a terms

of trade effect). Since our focus is to quantify the effect of the spatial and occupational

frictions on the efficiency of the allocation of labour between sectors, we want to abstract

from these valuation effects and assume that the share of good i in GDP (si) is equal to

the share of consumption spending on good i. Under this assumption, we have:

R̂GDP =
∑
i

(1 + p̂i)siŷi. (2.46)

To compute the growth of real GDP as a function of the change in the price vector only,

we make the following approximation:

ŷi =
∑
n

εin(p)p̂n, (2.47)

where:

εin(p) =
∂yi(p)

∂pn

pn
yi(p)

. (2.48)

Equation (2.47) is an approximation in the sense that we abstract from the effect of

changes of p on the matrix of cross price elasticities. At the initial prices, the production

vector must maximise the value of GDP, i.e. the following must hold for all n:∑
i

pi
∂yn
∂pn

= 0⇒
∑
i

siεin = 0⇒
∑
i

siŷi = 0. (2.49)
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The middle equality in (2.49) shows how to obtain the equilibrium vector of GDP share

for each industry (si): it is the (normalised) eigenvector of the elasticity matrix which has

eigenvalue zero. Under the approximation, the growth of real GDP in (2.46) therefore

collapses to:

R̂GDP =
∑
i

p̂isiŷi =
∑
i

∑
n

siεinp̂np̂i. (2.50)

Repeating the same exercise using the cross elasticity matrix without frictions εNFin and

the corresponding equilibrium shares sNFi gives (2.43). From (2.49), it is immediate that

if all prices change in the same proportion, real GDP does not change.

To see that the growth of real GDP based on the national matrix of cross price

elasticity is identical to the one which would obtain when solving for each industry-MSA

pair, first note that (2.46) is equivalent to:

R̂GDP =
∑
r

∑
n

(1 + p̂i)κirsiŷir (2.51)

where ŷir is the growth of output in the industry-MSA pair ir and κir ≡ yir/yi. Defining

εinc(p) ≡ ∂yir(p)
∂pn

pn
yir(p)

and using the fact that:

ŷi =
∑
r

κirŷir =
∑
r

∑
n

κirεinc(p)p̂n (2.52)

in combination with (2.47) shows that:

εin(p) =
∑
r

κirεinr(p) (2.53)

and that (2.51) and (2.46) are equivalent42.

To compute the elasticity matrix εinr(p), we use the system of equations defined by

(2.12): (
I +

ν − 1

ε
Scr

)
Ŷ r = (ν + ε− 1)p̂ (2.54)

and the definition of Y , which implies that Ŷ r = εp̂+ ŷr. Rearranging gives:

ŷr = (ν − 1)

(
I +

ν − 1

ε
Scr

)−1

(I − Scr)︸ ︷︷ ︸
εr(p)

p̂ (2.55)

where the nationwide matrix of the price elasticity of output is given by aggregating the

regional matrix εr(p) across MSAs using (2.53).

42Due to the lack of data on output at the MSA level, we use the share of employment Lir/Li as a

proxy for the share of output yir/yi.
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To obtain the elasticity matrix with no frictions εNFr (p), note that if there is only

one occupation and one region, (2.12) becomes:

Ŷi = −ν − 1

ε

(∑
m

Lm
L
Ŷm

)
+ (ν + ε− 1)p̂i (2.56)

where Lm/L is the share of national employment in industry m. Multiplying both sides

by Li/L, adding up over all i and plugging back in the above equation gives:

Ŷi = (ν + ε− 1)p̂i − (ν − 1)

(∑
m

Lm
L
p̂m

)
. (2.57)

From the definition of Y and using matrix notation, the vector of output growth can be

expressed as:

ŷ = (ν − 1)(I −X)︸ ︷︷ ︸
εNF (p)

p̂ (2.58)

whereX is a matrix of employment shares of industries defined as the national equivalent

of Xr in the previous section.

Table 2.12: This table shows the changes in 3-digit industries MXP import prices between 2005 and

2008.
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Chapter 3

Structural Transformation and

Technological Progress

3.1. Introduction

In this paper, we first document two important regularities on the rate and direction of

technological progress over the course of development.43 First, TFP growth rates decline

in agriculture and manufacturing and weakly increase in services as per-capita-income

grows, which leads to a convergence between manufacturing and services in terms of

TFP growth rates. Second, the rate of quality growth has been larger in services relative

to manufacturing in the post-war U.S. economy and the discrepancy has been increasing

over time. Then, we present a multi-sector endogenous growth model which can explain

these trends together with the salient features of structural transformation. Our anal-

ysis suggests that over the last decades quality growth has become the main source of

technological progress and an important determinant of relative price movements and

sectoral shares.

Background Literature and Motivation: This paper is related to a large lit-

erature on structural change dating back to Kuznets (1957) and Baumol (1967). An

important line of research has focused on demand side explanations and income effects

as the main driver of structural change. Kongsamut et al. (2001) use Stone-Geary pref-

erences with neutral technological progress to explain the reallocation of labor from

agriculture to services. Foellmi and Zweimüller (2008), on the other hand, posit a hier-

archy of needs where commodities are introduced as luxury goods and become necessities

as income rises to show that there are periods of rise and fall in the consumer demand

and employment both between and within broad sectors through the course of devel-

43“Direction” refers to both changing rates of technological progress across sectors and the relative

importance of TFP and quality growth within a sector.
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opment. Buera and Kaboski (2012a) use a similar hierarchy with a specific matching

between product characteristics and broad sectors, where demand is reallocated towards

more skill-intensive goods as income increases. By doing so, they are able to explain the

rise of the service sector and skill premium. Nevertheless, these studies do not incor-

porate uneven technological progress across broad sectors and relative price movements.

Furthermore, income effects naturally weaken over the course of development which is

not consistent with the steep increase in the share of services observed at high levels of

development (Buera and Kaboski (2012b)).

Another line of research has emphasized the role of supply side factors and relative

price changes in driving structural transformation. Ngai and Pissarides (2007) incorpo-

rate exogenous sector-biased technological progress into a multi-sector growth model to

show that perpetual reallocation of labor across broad sectors can be consistent with

the “Kaldor facts”, namely the constancy of the aggregate growth rate, capital-output

ratio and real interest rate. However, they focus on the average TFP growth differences

between broad sectors over the sample period and they are silent on the consequences

of changing rate and composition of technological progress. A contribution of this pa-

per is to document that the TFP growth difference between manufacturing and services

declines over the course of development. Given this convergence between manufacturing

and services, the supply side explanation predicts a slow-down in the speed in structural

transformation as per capita income rises. This prediction is not compatible with the

steep increase in services and decline in manufacturing which characterize the later parts

of structural transformation (Buera and Kaboski (2009)). In Acemoglu and Guerrieri

(2008), sectoral differences in factor shares and capital deepening determine the evolution

of relative prices and changing output structure. To match the observed qualitative pat-

terns in the U.S., these supply side explanations require that the sectoral goods should

be gross complements, i.e. the elasticity of substitution should be lower than 1 since it

is well-known that the TFP growth has been the highest in agriculture and slowest in

services in the U.S. data. While there is no theoretical reason to question the validity

of this requirement, Buera and Kaboski (2012b) show that once calibrated to match the

sectoral value-added shares in U.S between 1870 and 2000, the required elasticity is so

low that a Leontieff production function gives the best fit and they conclude that these

models rely on “implausibly low elasticity of substitution across goods” to generate the
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observed patterns. Another contribution of this paper is to incorporate quality improve-

ments as a second source of relative price movements. We show that the evolution of

sectoral shares and TFP growth rates are consistent with a reasonably high elasticity of

substitution once the uneven quality growth across broad sectors is taken into account.

Furthermore, endogenous bias of technological progress enables us to understand why

there is a steep increase in services and decline in manufacturing in the later parts of

structural transformation.44

The model draws from the growth literature with endogenous market structure (see

e.g. Peretto and Connolly (2007)). We extend the underlying mechanisms of these mod-

els to a multi-industry setting allowing for non-balanced growth to investigate the role

of technological progress on structural transformation. Furthermore, the model incor-

porates endogenous bias of technological progress where innovation incentives respond

to changes in the market size in the spirit of Acemoglu (2002). This framework allows

us to investigate the interplay between the process of structural transformation and the

rate and direction of technological progress over the course of development and explain

the empirical regularities on the evolution of TFP and quality growth rates across broad

sectors.

The paper is organized as follows: Section 3.2 presents a series of empirical regularities

on sectoral shares, TFP and quality growth rates over the course of development and

across countries. Section 3.3 lays down the model, equilibrium conditions and provides

a closed-form solution under static expectations. In Section 3.4, we study the evolution

of sectoral shares and growth rates in vertical and horizontal dimensions implied by the

model where we provide restrictions on the model parameters to match the patterns

observed in the data and generated by the model. Section 3.5 presents an illustrative

44Incorporating endogenous changes in the skill content of services and manufacturing, Buera and

Kaboski (2012a) explain the rapid rise and the comovement of relative prices and quantities in services.

While the proximate cause of increasing share of services and the positive correlation between observed

prices and quantities is similar, the authors do not focus on explaining the evolution of and the interaction

between the TFP and quality dimensions of technological progress and assume exogenous sector-neutral

productivity growth. Furthermore, the initial stages of structural transformation and the rise and fall

of manufacturing are beyond their focus. One of the main challenges in this paper is to explain the

hump-shaped pattern in manufacturing which requires competing dimensions of technological progress

counteracting the tendency to specialize in one sector when the bias of technical change is endogenous.
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simulation of the model. Finally, in Section 3.6 some concluding remarks are made.

3.2. Some Facts on Structural Change

In this section, we present three empirical regularities. Cross-country data reveal that

manufacturing follows a hump-shaped trajectory and there is a steep increase in the share

of services in the later stages of development and TFP growth rates decline in agriculture

and manufacturing and slightly increase in services as per-capita-income grows, which

leads to a convergence between manufacturing and services in terms of TFP growth

rates. Finally, in the U.S. quality growth rate has been the fastest in services and the

discrepancy between services and manufacturing increases over time. While the general

patterns of changing economic importance of broad sectors are well-known, the evolution

of TFP and quality growth rates through the course of development are less-explored in

the literature on structural transformation.

3.2.1. Sectoral Shares

In this section, we present the evolution of the nominal value added share of broad sectors

by constructing annual series of sectoral shares for 45 countries from 1950 to 2005.45 To

eliminate the level differences across countries and the differences due to measurement

practices between data sources, we filter out country and source fixed effects from raw

data.46

Figure 3.10 depicts the nominal value-added share of each broad sector for each

country-year pair in our sample. The two periods of structural transformation are quite

discernible: industrialization in the initial periods of development followed by the rise of

the service sector as income rises.47 Value-added share of manufacturing follows a hump-

shaped trajectory and the share of services follows a convex pattern which shows a rapid

increase for high levels of development as also documented in Buera and Kaboski (2009)

and Buera and Kaboski (2012b). To test whether the non-linearity in manufacturing and

service shares are statistically strong, we regress the nominal value-added share in each

45See Appendix 3.7.1 for the details on data sources and data construction.
46The results are robust when we use the raw data or filter out only country fixed effects.
47Herrendorf et al. (2013a) provide an excellent survey on the various aspects of structural transfor-

mation.
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Figure 3.1: Each point depicts a country-year pair. To eliminate the level differences across countries

and the differences in measurement practices between EU KLEMS and 10 Sector Database, the share

variable is regressed on a quadratic function (logged) income per capita, country fixed effects and a source

fixed effect. Country fixed effects and source fixed effects are filtered from raw data. san = −0.418 ∗

ln(gdp/capita)+0.018∗(ln(GDP/capita))2, smn = 0.948∗ ln(gdp/capita)−0.053∗(ln(GDP/capita))2,

ssn = −0.530 ∗ ln(gdp/capita) + 0.034 ∗ (ln(GDP/capita))2. All coefficient estimates are significant at 1

percent. Standard errors are heteroscedasticity robust and clustered at the country level.

broad sector on linear and quadratic terms of per capita income. Manufacturing reaches

its peak about 8500 international US$ (base year 2005), which is quite similar to the

turning point of 7100 international US$ (base year 1993) found by Buera and Kaboski

(2012b).

We provide labor and real value-added shares of countries, which exhibit the same

qualitative patterns in Appendix 3.7.2, for brevity. Desmet and Rossi-Hansberg (2014)

emphasize the role of trade in affecting the pace of structural change in the U.S especially

by the 1990’s. In Appendix 3.7.2, we also present the nominal value added shares aug-

mented with net imports of the countries and show that the steep increase in services and

decline in manufacturing still characterize the later stages of the development process.

In the next section, we document the empirical regularities on TFP growth rates across
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broad sectors over the course of development. TFP data come from EU KLEMS only.

To provide a consistent picture, we also document the increase in the pace of structural

transformation in the EU KLEMS sample in Appendix 3.7.3.

3.2.2. TFP Growth

In this part, we discuss the general patterns of TFP growth rates in agriculture, man-

ufacturing and services. Virtually all existing studies in the structural transformation

literature focus on the average TFP growth rates in broad sectors over the sample pe-

riod they investigated. While this is a natural starting point to assess the role of uneven

TFP growth on sectoral reallocations, sample averages hide important regularities on

the changes in TFP growth differentials over the course of development. As a first pass,

we present the average annual TFP growth rates for 21 countries covered in EU KLEMS

dataset from 1970 to 2005.48 Table 3.2 shows that TFP growth has been the fastest in

agriculture and slowest in services for most of the countries, which is consistent with the

post-war US economy. It is striking to see that annual TFP growth in services over the

sample period is below 1 percent for all countries except Hungary and Korea and even

negative for 9 out of 21 countries.

More importantly, there is a strong association between the level of development and

TFP growth across broad sectors. To visualize this relationship, we plot the evolution

of TFP growth rates in agriculture, manufacturing and services over (logged) per capita

income. As seen in Figure 3.2, there is a strong downward trend in TFP growth in

agriculture and manufacturing while TFP growth in services weakly increases over the

course of development.

To assess the strength and statistical significance of the income and TFP growth re-

lationship, we regress TFP growth rates in broad sectors on (logged) per capita income.

Table 3.3 presents the corresponding results. We find that the effect of income on TFP

growth is negative and significant in agriculture and manufacturing and insignificant

in services. Furthermore, the decline is more pronounced in agriculture than in man-

ufacturing. This observation is important since the uneven TFP growth across sectors

constitutes the main source of relative price movements and sectoral shares in supply

48EU KLEMS employs growth accounting framework to estimate the TFP growth rates, see O’Mahony

and Timmer (2009) for details
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Table 3.1: Average TFP Growth Rates Across Countries (%)

Country Agriculture Manufacturing Services First Year Last Year

AUS 3.76 0.72 0.16 1982 2005

AUT 2.61 2.32 0.02 1980 2005

BEL 2.82 1.13 -0.39 1980 2005

CZE 4.64 1.00 0.18 1995 2005

DNK 4.25 0.21 0.29 1980 2005

ESP 2.83 0.48 -0.80 1980 2005

FIN 3.04 2.10 -0.02 1970 2005

FRA 3.70 1.49 0.56 1980 2005

GBR 2.32 1.38 -0.24 1970 2005

GER 5.25 1.42 0.87 1970 2005

HUN 8.44 2.83 2.33 1995 2005

IRL 4.50 0.79 0.83 1995 2005

ITA 3.94 0.59 -0.13 1970 2005

JPN 0.71 1.42 -0.04 1973 2005

KOR 4.27 4.79 1.22 1977 2005

LUX -2.12 1.52 -0.53 1992 2005

NLD 2.38 0.57 0.03 1979 2005

PRT -0.35 0.21 -1.28 1995 2005

SVN 4.83 2.58 -0.90 1995 2005

SWE 1.80 2.95 0.16 1993 2005

USA 3.54 0.93 0.52 1970 2005

Table 3.2: TFP and value added data are compiled from EU KLEMS. The sector level TFP growth

rates are constructed by using value added shares of sub-sectors. The last two columns show the first

and last year for which EU KLEMS reports TFP data for each country and sector.

65



Chapter 3: Structural Transformation and Technological Progress

−
.1

0
.1

.2
.3

T
F

P
 g

ro
w

th

8 9 10 11
lngdp

Agriculture Linear Fit

−
.0

4−
.0

2
0

.0
2

.0
4

.0
6

T
F

P
 g

ro
w

th

8 9 10 11
lngdp

Manufacturing Linear Fit

−
.1

−
.0

5
0

.0
5

T
F

P
 g

ro
w

th

8 9 10 11
lngdp

Services Linear Fit

Figure 3.2: 5-year averages of TFP growth across broad sectors between 1970-2005 versus (logged)

GDP per capita. Sources: EU KLEMS, UPENN World Tables 7.1.

Table 3.3: TFP Growth Across Broad Sectors

(1) (2) (3) (4) (5) (6)

Agriculture Agriculture Manufact. Manufact. Services Services

ln(GDP/capita) -0.0316∗∗ -0.0196∗∗ -0.0182∗∗ -0.0149∗∗ 0.00175 -0.000668

[-2.68] [-2.40] [-2.75] [-2.17] [0.43] [-0.20]

Constant 0.349∗∗∗ 0.228∗∗ 0.198∗∗∗ 0.164∗∗ -0.0153 0.00901

[2.95] [2.80] [2.95] [2.37] [-0.37] [0.26]

Observations 120 117 120 116 120 116

R2 0.080 0.039 0.147 0.087 0.003 0.000

Dependent variable is the 5-year average of TFP growth rate in the corresponding sector in a country.

Columns 2, 4 and 6 report the estimations where the upper and lower 1 percentile are trimmed from the

dependent and the independent variables. t statistics in brackets. Robust standard errors are clustered at

the country level. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Figure 3.3: 5-year averages of TFP growth in services relative to manufacturing between 1970-2005

versus (logged) GDP per capita. ˆTFP
s
− ˆTFP

m
= −0.213+0.02∗ ln(GDP/capita) with a t-statistic of

3.45. Robust standard errors are clustered at the country level. Sources: EU KLEMS, UPENN World

Tables 7.1.

side theories of structural transformation. If the TFP growth gap between manufactur-

ing and services closes over time, the reallocation from manufacturing to services should

slow down especially at high income levels. This clearly contradicts the steep decline in

manufacturing and rise in services observed at later stages of structural transformation

as we presented in the previous section. To better appreciate the convergence between

TFP growth rates in manufacturing and services, we present the 5-year averages of TFP

growth differences between services and manufacturing versus (logged) GDP per capita

in Figure 3.3. Consistent with the sample averages, TFP growth in services is generally

lower than in manufacturing; therefore, the gap is usually negative. Nevertheless, ser-

vices catch up manufacturing in terms of TFP growth as per capita income rises. When

we regress the TFP gap between manufacturing and services on (logged) per capita in-

come, per capita income appears to be positive and significant as shown in Table 3.4.

This finding is robust to different ways of averaging annual observations or excluding

outliers.
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Table 3.4: TFP Growth Gap between Manufacturing and Ser-

vices

(1) (2) (3) (4)

5-year 5-year 7-year 7-year

ln(GDP/capita) 0.0200∗∗∗ 0.0143∗∗ 0.0213∗∗∗ 0.0167∗∗

[3.45] [2.20] [3.61] [2.49]

Constant -0.213∗∗∗ -0.156∗∗ -0.226∗∗∗ -0.179∗∗

[-3.67] [-2.40] [-3.82] [-2.68]

Observations 120 116 97 94

R2 0.155 0.067 0.183 0.128

Dependent variable is the difference between the TFP growth rates in

manufacturing and services averaged over 5 or 7 years for a country.

Columns 2 and 4 report the estimations where the upper and lower

1 percentile are trimmed from the dependent and the independent

variables. t statistics in brackets. Robust standard errors are clustered

at the country level. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

3.2.3. Quality Growth

In this part, we focus on the patterns of quality improvements in existing products across

broad sectors which constitute another source of relative price movements. Quality

growth has been sizable, especially in manufacturing and services, in the post-war U.S.

economy. However, measuring quality is difficult, which leads to overestimation of prices.

The differences in the rate of quality growth and the ability of measuring quality across

sectors have first-order effects on relative prices and sectoral shares. Among others,

Boskin (1996) and Bosworth and Triplett (2007) argue that the relative price of services

has been overestimated.

The evidence on quality improvements is less readily available than TFP growth

and existing literature focuses mainly on the U.S. economy and on particular sectors

or commodities rather than the aggregate dynamics. One important piece of evidence

comes from Cummins and Violante (2002) who construct quality-adjusted prices indices

for 24 types of equipment and software goods from 1947 to 2000 and use these series to

measure the technical change at the industry level. The main assumption here is that the
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only source of quality improvements is the increasing quality of the investment goods.

Hence, the industry level differences in quality growth rates are driven by the variation

in input shares and the differential rate of quality growth among these investment goods.

Under this assumption they show that the US economy has been quite dynamic in terms

of quality improvements and services exhibit a stronger performance in particular. Using

the data of Cummins and Violante (2002), we aggregate the quality growth rates using

value-added shares, compiled from “Historical Industry Accounts Data” of BEA, to the

broad sector level to obtain comparable figures with the TFP growth rates. Contrary to

the TFP growth, technological progress on the quality dimension has been strengthening

over time in all sectors. Starting from relatively low levels at the end of the second world

war, the rate of quality growth reached almost 7 percent in services and 5 percent in

manufacturing by mid 1990’s and throughout the period services have the highest rate

of quality growth, as shown in Figure 3.4.49 The data reveal two sharp declines in mid-

70’s and the 1981-1982 period. The first period corresponds to the economic downturn

in 1975 where agriculture was hit the most while the second dip probably captures the

recession in early 80’s where our data record a negative quality growth in all broad sectors.

Finally, the gap between quality growth rates of services and manufacturing widens over

time in favor of services as shown in Figure 3.5. These findings, when contrasted to

the relationship between per capita income and TFP growth presented in the previous

section, are important in two aspects. First, quality growth rates exhibit qualitatively

distinct patterns than TFP growth rates. Hence, understanding the sources of these

differences in a unified framework and their interaction with the process of structural

transformation is important in itself. Second, given the convergence of TFP growth rates

between manufacturing and services, incorporating quality dimension seems to be crucial

to understand the changes in sectoral shares in later stages of structural transformation.

3.2.4. Summary of the Empirical Patterns

Here we summarize the main observations following our empirical analysis:

1. Manufacturing follows a hump-shaped pattern over the course of development.

Economic share of services exhibits strong non-linearity where an initial stagnant

49The numbers are 5-year averages. At the end of the sample period, the annual quality growth is a

remarkable 8.8 percent in services and 6.8 percent in manufacturing.
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Figure 3.4: 5-year moving averages of quality growth across broad sectors. Sources: Cummins and

Violante (2002), BEA and own calcularions.
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period is followed by a rapid increase at high levels of development.

2. Average annual TFP growth has been fastest in agriculture and slowest in services

over the sample period across countries. However, the gap between annual TFP

growth rates between manufacturing and services declines as income increases.

3. The post-war US economy shows great dynamism in terms of quality improve-

ments where the quality growth rate has been the highest in services and lowest in

agriculture. The gap between quality growth rates of services and manufacturing

widens over time in favor of services.

These observations are difficult to square with the available theories in the literature.

In the next section, we present a framework to rationalize these patterns and understand

the two-way relationship between structural transformation and technological progress.

3.3. Model

3.3.1. Preferences

The model economy admits a representative household with CES preferences represented

by the following instantaneous utility function:

v(t) =

[∑
j∈J

(αj)
1
εCj(t)

ε−1
ε

] ε
ε−1

J = {a,m, s}, (3.1)

where Cj(t) is the quality-adjusted consumption level of good j, i.e. Cj(t) = Ωj(t)C̃j(t)

with Ωj(t) denoting the quality level of the sectoral consumption good. We use tilded

variables to denote quality-unadjusted variables. The superscripts a,m and s denote the

broad sectors agriculture, manufacturing and services, respectively. The non-negative

weights (αj) sum up to one. This specification of preferences is identical to Ngai and

Pissarides (2007), except for the fact that it permits the quality of the consumption

goods to differ across broad sectors and over time.

There are two types of labor, researchers (LR) and production workers (Lx), in the

model economy. Production workers perform routine tasks and are employed in final
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goods production. Researchers, on the other hand, possess necessary skills to perform

creative tasks such as experimentation and design and they are employed in R&D activi-

ties. One can consider that the research labor is a category which encompasses technical

occupations and the production labor is a category which comprises routine occupations.

To simplify the allocation problem, we assume that there is no mobility between these

two types of labor as in Acemoglu (2002). The representative household is endowed with

ψ(t) units of research labor and 1 − ψ(t) units of production labor, which are supplied

inelastically. Labor market clearing conditions then read as:

LR(t) =
∑
j

Ljq(t) + LjN(t) = H(t)ψ(t) (3.2)

Lx(t) =
∑
j

Ljx(t) = H(t) (1− ψ(t)) (3.3)

where H(t) is the number of households in the economy at time t. The two labor stocks

are allowed to grow with constant and exogenous rates, i.e. LR(t) = LR(0)ent and

Lx(t) = Lx(0)emt n,m ≥ 0.

Households’ Problem: The household maximizes discounted lifetime utility

U =

∫ ∞
0

e−ρtlnv(t)dt, (3.4)

subject to the wealth constraint:

Ȧ(t) = r(t)A(t) + ψ(t)wR(t) + (1− ψ(t))wx(t)−
∑
j

pj(t)Cj(t), (3.5)

where ρ is the time preference rate, A(t) is the level of assets, wR(t) and wx(t) are the

equilibrium wage rates in research and production activities, r(t) is the interest rate,

pj(t) is the quality-adjusted price level of consumption good j. The dot represents time

derivative of a variable.

3.3.2. Final Goods Sector

Final goods are produced by a representative firm in each sector using labor and sector-

specific investment goods under perfect competition. Investment goods differ in their

quality and produced by single-product firms. The final good production function of

sector j takes the following form:

Y j(t) =
1

1− β

(∫ Nj(t)

0

xji (t)
(1−β)di

)
Ljx(t)

β, (3.6)
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where xji (t) is the amount of quality-adjusted investment good of type i in sector j, i.e.

xji (t) = qji (t)x̃
j
i (t) with qji (t) being the quality level or the level of embodied improvements

in the design of the investment good. N j(t) is the measure of investment goods, Ljx(t)

is the labor employed in final goods production, β is the labor share. For simplicity, we

assume that investment goods fully depreciate after use and the elasticity of substitution

between investment goods is 1/β.

This specification of the final goods production function is in line with the method-

ology used in Cummins and Violante (2002), where quality growth is measured as a

weighted sum of embodied technical change in input factors. Consistent with this study,

we assume that the only source of quality in consumption goods is the quality of in-

vestment goods used in production. This approach attributes the contribution of all

types of technical improvements which are not embodied in investment goods such as

improvements in the management techniques or organizational structure of the firms

to total factor productivity (TFP). Considering that TFP growth estimates obtained

using growth-accounting framework exactly correspond to the disembodied technical

change (see O’Mahony and Timmer (2009)), the quality and TFP components of techni-

cal progress in our model have close empirical counterparts which are used to document

the empirical regularities in Section 3.2.

3.3.3. Investment Goods Sector

Each firm produces one type of (quality-unadjusted) investment good with a constant

marginal cost of production in value terms, c, which is the same across sectors.50 The

choice of the nature of the investment input has first-order effects on sectoral shares.

While it has been generally assumed that investment comes only out of manufacturing

goods in the literature, Herrendorf et al. (2013a) point out that this assumption is difficult

to reconcile with the evidence since investment has been larger than the total size of

manufacturing in the U.S. since 2000. Since we are not interested in the role of changing

investment composition on structural transformation, we assume that input structure

of investment mimics the aggregate economy in the sense that the nominal value-added

shares of sectoral goods are equal in consumption and investment goods production.

Hence, investment decisions do not alter sectoral value-added shares. The goods market

50Accordingly, the marginal cost per quality is equal to c/qji (t).
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equilibrium then requires that the total value of output should be allocated between

consumption and investment goods production:

∑
j

pj(t)Y j(t) = E(t) +
∑
j

∫ Nj(t)

0

cx̃ji (t)di, (3.7)

where E(t) is the total expenditure on consumption at time t.

3.3.4. Innovation

There are two types of innovation activities in our model: quality improvements by the

incumbents and expansion of variety of investment goods due to entry. The relative im-

portance of vertical and horizontal innovation across different broad sectors determines

the bias and composition of the technical progress in the economy.51 In this sense, it is

important to allow for a general specification for the knowledge accumulation equations

which can incorporate the main factors determining the innovation incentives highlighted

in the literature. On a broad level, we consider the knowledge-based R&D growth speci-

fication where a scarce factor, in our case research labor, is used in innovating activities;

therefore spillovers from past research are required to support long-run growth as in

Rivera-Batiz and Romer (1991). Furthermore, we allow for weak spillovers and positive

population growth to eliminate scale effects in growth rates and to encompass the semi-

endogenous growth case following the insights of Jones (1995). The subsequent analysis

will show that the strength of spillovers should indeed be weak in order to rationalize

the empirical patterns summarized in Section 3.2.

Vertical Innovation: An incumbent firm has the option to increase the quality of

the investment good it produces by employing research labor. In particular, each firm’s

quality level evolves according to

q̇ji (t) = γjQj(t)φLjqi(t)
ωLR(t)1−ω = F j

i (Qj(t), Ljqi(t), LR(t)). (3.8)

In this specification, we capture the time-invariant cross-sectoral differences in the labor

productivity in vertical innovation activities by γj. Ljqi is the labor employed in quality

improvements of investment good i in sector j and LR is the total stock of research labor

51Vertical (horizontal) innovation corresponds to the quality (TFP) dimension and they are used

interchangeably in the rest of the paper.
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employed in the economy. Since the scarce factor is employed in the accumulation of

knowledge, it is not possible to create perpetual growth by expanding only the input base.

In our specification, average quality level, Qj(t)
(

= 1
Nj(t)

∫ Nj(t)

0
qji (t)di

)
, in a broad sector

j increases the productivity of research labor in that particular sector. The strength of

spillovers from past research is governed by φ ∈ (0, 1]. When φ = 1, there are strong

spillovers and there will be positive quality growth as long as the labor allocation problem

yields an interior solution and Ljqi > 0. When φ < 1, the spillovers are weak and obtaining

a proportional increase in quality becomes more difficult as the quality level increases

since opportunities are exhausted rather fast. In this case, a long-run positive growth

rate is only possible with an increasing researcher stock, which corresponds to the semi-

endogenous growth case as in Jones (1995). Finally, ω ∈ [0, 1] is the elasticity of quality

growth with respect to labor input. It captures the degree of Marshallian diminishing

returns in the sense that increasing the quantity of inputs employed in vertical innovation

activities might not yield a proportional increase in the quality of the investment goods.

Horizontal Innovation: Researchers work also on creating new designs of investment

goods, obtain infinitely lived fully-enforced patent on these designs and sell them to

the entrepreneurs (entrants) in return for the value of the patent which is equal to the

discounted sum of future profits. New firms start operating with the most recent quality

level. Labor productivity in horizontal R&D is increasing in the accumulated measure

of firms in that particular sector and there are diminishing returns to variable inputs as

in the vertical innovation case. The accumulation equation of the measure of investment

goods takes the following form:

Ṅ j(t) = θjN j(t)ζLjN(t)ωLR(t)1−ω = Gj(N j(t), LjN(t), LR(t)), (3.9)

where θj is a scaling factor which captures the time-invariant cross-sectoral differences in

the labor productivity in horizontal innovation activities and LjN is the labor employed

in entry activities in sector j. ζ ∈ (0, 1] captures the strength of spillovers from past

research and ω ∈ [0, 1] is the elasticity of productivity growth with respect to labor input.

A point to mention is that the output elasticity of own labor is the same in vertical and

horizontal innovation possibilities frontiers to simplify the analysis.

Upon entry, the entrepreneur appropriates the sum of future discounted profits of the

established firm, hence the value of a firm is given by:
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V j
i (t) =

∫ ∞
t

πji (s)e
−

∫ s
t (r(l))dlds (3.10)

where πji (t) is the flow of profits. Free entry prevails and the total value generated by

entry is equal to the total labor cost in horizontal innovation, which implies:

Ṅ j(t)V j
i (t) = wR(t)LjN(t). (3.11)

3.3.5. Model Solution

Utility Maximization: The representative household maximizes utility in two stages.

At the first stage, the intertemporal optimization and logarithmic instantaneous utility

imply:

Ê(t) = r(t)− ρ (3.12)

where hat denotes the growth rates. At the second stage, the demand for each consump-

tion good is determined given the prices:

Cj(t) =
αjpj(t)−ε∑
k α

kpk(t)1−εE(t). (3.13)

Hence, nominal expenditure share of sector j is given by:

sjn(t) =
αjpj(t)1−ε∑
k α

kpk(t)1−ε . (3.14)

Final Goods Producers’ Problem: The final goods producer in each sector maximizes

its flow of profits given the output and investment goods prices, and the wage rate which

determine the factor demands:

xji (t) =

(
p̃ji (t)

pj(t)

)−1/β

qji (t)
1/βLjx(t) (3.15)

Ljx(t) =
Ej(t)β

wx(t)
(3.16)

where Ej(t) is the expenditure on consumption good j. Since each investment good

producer is a local monopolist, the demand schedule is downward sloping as reflected in
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(3.15). The demand for an investment good increases with its quality, the labor employed

in final goods production and the output price, each of which raises the marginal revenue

productivity of the investment good.

Investment Good Producers’ Problem: Given the demand schedule (3.15), the invest-

ment good producer maximizes its firm value (3.10) subject to the law of motion for

quality (3.8) to determine its price level and employment in research activities:

p̃ji (t) =
1

1− β
c (3.17)

µji (t) =
wR(t)

∂F j
i (.)/∂Ljqi(t)

(3.18)

µ̇ji (t) =rjq(t)µ
j
i (t)−

∂πji (t)

∂qji (t)
(3.19)

where µji (t) is the current-value costate variable associated to the law of motion for

quality (3.8) and rjq(t) is the rate of return in vertical innovation in sector j. Expression

(3.17) is the standard pricing rule in a monopolistically competitive market where the

price equals the marginal cost times a constant markup. Investment goods producers

employ researchers up to the point where the marginal revenue generated by an additional

researcher (µji (t)
∂F ji (.)

∂Ljqi(t)
) is equal to the marginal cost (wR(t)). Finally, equation (3.19)

reflects the intertemporal trade off for the investment good producer. The cost of raising

the quality level is µji (t) and the opportunity cost of investing this amount to undertake

R&D (rjq(t)µ
j
i (t)) should be equal to the increases in profits and the capital gains. To

simplify the exposition, we assume that pji (t) = 1, i.e c = 1− β.

The rate of return in innovation activities: The rate of return in vertical innovation,

rjq(t), is determined by the shadow value of quality (µji (t)) and the marginal profits

acquired by quality improvement which is reflected in equation (3.19). In horizontal

innovation, the rate of return (rjN(t)) will be determined by the evolution of the firm

value. Taking the derivative of the firm value on entry (3.10) and noting that entrants

start operating with the highest quality level, we find

r(t)V j
i (t) = π̄ji (t) + V̇ j

i (t). (3.20)

where π̄ji (t) is the flow of gross profits, i.e. π̄ji (t) = πji (t) + wR(t)Ljqi(t). Using equation

(3.20) and the free entry condition, we obtain
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rjN(t) =
π̄ji (t)G

j(.)

wR(t)LjN(t)
+ V̂ j

i (t) (3.21)

Asset Market Clearing: In equilibrium, asset market clearing requires that the rates

of return in the vertical and horizontal innovation activities within and across broad

sectors are equal. Equating the rates of return on vertical and horizontal innovation

activities within a sector using (3.19) and (3.20), we get:

1

µji (t)

∂πji (t)

∂qji (t)
− π̄ji (t)

V j
i (t)

= V̂ j
i (t)− µ̂ji (t) (3.22)

Similarly, we can equate the rates of return of vertical innovation activities of investment

goods producers across sectors to obtain:

1

µji (t)

∂πji (t)

∂qji (t)
− 1

µki (t)

∂πki (t)

∂qki (t)
= µ̂ki (t)− µ̂

j
i (t) (3.23)

The two forward looking elements in the model, which appear on the right hand side of

equations (3.22) and (3.23) make it difficult to reach closed-form solutions for the labor

allocation problem in this economy. V̇ j
i (t) and µ̇ji (t) are generally not equal to zero due

to changing relative prices and sectoral shares during the transition where structural

transformation occurs. To simplify the allocation problem, we assume the following rule

for expectation formation:

Assumption 3.1. (Naive Expectations) Individuals form price expectations based

on current levels, i.e. Et[Xt+∆t|It,∆t ≥ 0] = Xt, where Xt is a random variable to be

estimated and It is the information available at time t.

Assumption (3.1) implies that V̂ j
i (t) = µ̂ji (t) = 0 ∀i, j, t. While this assumption is

restrictive in the sense that it posits a particular behavioral rule used to form expecta-

tions, it enables us to obtain closed-form relationships between current sectoral shares,

innovation incentives and the bias of technological change. We should note that the indi-

viduals are still forward-looking in the sense that they care about the sum of discounted

future profits rather than the instantaneous flows.

Assumption 3.2. (Symmetry) Investment goods within an industry are of the same

quality at time 0.
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Since investment goods producers optimally choose the same R&D and production

decisions when they have the same initial quality and the new firms start operating with

the most recent quality level, the symmetry of operating firms within an industry is

preserved over time. In the following analysis, Assumptions (3.1) and (3.2) always hold.

Labor allocation: There is free mobility of scientists across innovation activities and

across industries. Hence, wages are equalized between activities within a sector:

µji (t)
∂F j

i (.)

∂Ljqi(t)
= V j

i (t)
Gj(.)

LjN(t)
(3.24)

Using (3.22) and (3.24), we obtain:

Ljq(t)

LjN(t)
= επ̄q ε

F
Lqi

Q̂j(t)

N̂ j(t)
=

[
ωγjQj(t)φ−1N j(t)−ω

βθjN j(t)ζ−1

] 1
1−ω

(3.25)

where εXY is the elasticity of functionX with respect to Y with ∂π̄(t)/∂qji (t) = ∂π(t)/∂qji (t).

Expression (3.25) yields a necessary condition on the labor elasticity of research output

to have an interior solution and positive growth in both dimensions and all sectors.

Proposition 3.1. (Positive growth)

To have an interior solution for the labor allocation problem in research activities and

positive growth in all sectors and dimensions, i.e. Q̂j(t), N̂ j(t) > 0 ∀j, t, there should be

diminishing returns to labor in innovation possibilities frontiers, i.e. ω < 1.

Proof. We assume, to reach a contradiction, that ω = 1 and there is positive growth

in both TFP and quality dimensions, i.e. both research lines are active. Then using

(3.22) and (3.24), we see that 1 = επ̄q ε
F
Lqi

Qj(t)φ−1

Nj(t)ζ
should hold. However, this condition is

not consistent with positive growth since the right hand side is monotonically decreasing

over time when at least one research line is active, i.e. Q̂j(t) or N̂ j(t) or both are larger

than zero, since φ ≤ 1 and 0 < ζ ≤ 1.

Equation (3.25) makes it clear that when innovation possibilities frontiers are linear

in own research labor, ω = 1, then researchers will specialize in the activity providing

the largest return. In equilibrium, the value of marginal product of labor is equalized

between sectors:

µji (t)
∂F j

i (t)

∂Ljqi(t)
= µki (t)

∂F k
i (t)

∂Lkqi(t)
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and

Ljq(t)

Lkq(t)
=
Ej(t)

Ek(t)

Q̂j(t)

Q̂k(t)
=

[
Ej(t)

Ek(t)

γjQj(t)φ−1N j(t)−ω

γkQk(t)φ−1Nk(t)−ω

] 1
1−ω

. (3.26)

Expression (3.26) reveals the directed nature of the technological progress. Conditional

on the state variables, a broad sector with larger expenditure share attracts more in-

vestment. As a result, an increase in the expenditure share of a sector due to declining

relative prices or income effects experiences an increase in TFP and quality growth in

relative terms (see also equation (3.25)).

Once the output prices are determined, labor demand in final goods sectors (eq.

(3.16)), labor demand in research activities (equations (3.25) and (3.26)) and labor mar-

ket clearing conditions (equations (3.2) and (3.3)) solve for the labor allocation in this

economy and determine its evolution over time.

Output prices and expenditure shares: In symmetric equilibrium, the output in sector

j is given by:

Y j(t) =
1

1− β
N j(t)

[
Qj(t)xj(t)

](1−β)
Ljx(t)

β. (3.27)

with xj(t) = 1
Nj(t)

∫ Nj(t)

0
xji (t)di = xji (t). Here we might see the sources of TFP growth in

a broad sector clearly. Log-differentiation of equation (3.27) provides the decomposition

of output growth in sector j into TFP growth and expansion of the effective input base,

Ŷ j(t) = βN̂ j(t)︸ ︷︷ ︸
TFP growth

+ (1− β) ̂(N j(t)Qj(t)xj(t)) + βL̂jx(t)︸ ︷︷ ︸
growth in input base

. (3.28)

Hence TFP growth rate (βN̂ j(t)) is driven by the external benefits of the increasing

input diversity as in canonical endogenous growth models based on variety expansion.

Furthermore, we can now see that the quality growth of the consumption good j equals

to the investment goods share times the growth if average quality in investment goods

used in this broad sector, Ω̂j(t) = (1− β) Q̂j(t). These two sources of growth also

determine the evolution of relative prices. Using the factor demands of final goods

producer (3.15, 3.16), eliminating xj(t) in (3.27) and noting that labor mobility requires

wage equalization, we obtain

pk(t)

pj(t)
=

[
N j(t)

Nk(t)

]β [
Qj(t)

Qk(t)

]1−β

. (3.29)
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The immediate result of the labor mobility between production sectors and constant

returns to scale with respect to variable inputs is that relative prices are given by the

inverse of relative productivities, hence production side aggregates. As a result, the total

value of output in the economy can be written in terms of the sector producing the

numéraire good, manufacturing sector:∑
j

pj(t)Y j(t) =
1

1− β
Nm(t)Qm(t)

1−β
β Lx (3.30)

Substituting the demand schedule for investment goods by final goods producers

(3.15) in (3.7), we find that consumption expenditures constitute a constant share of

total output:

E(t) =
∑
j

pj(t)Cj(t) = β (2− β)Y (t). (3.31)

3.4. Model Implications and Qualitative Calibration

In this section, we derive the implications of our model on sectoral shares and quality

and TFP growth rates to obtain relevant parameter restrictions in order to match the

patterns predicted by the model and presented in Section 3.2.

3.4.1. Sectoral Shares and the Elasticity of Substitution

Structural transformation is characterized by a period of industrialization followed by

the rise of the service sector, de-industrialization. As a result, the economic importance

of manufacturing follows a hump-shaped pattern where the share of services increases

rapidly at higher levels of economic development. These results are valid a large set of

countries as documented in Buera and Kaboski (2012b) and presented in Section 3.2.1.

We focus on non-agricultural sectors and introduce the expenditure share of services

relative to manufacturing

s∗n(t) ≡ ssn(t)

smn (t)
.

Lemma 3.1. The change in relative nominal expenditure shares of non-agricultural sec-

tors in response to a change in relative prices, p∗(t) ≡ ps(t)
pm(t)

, is given by

ŝ∗n = (1− ε) p̂∗(t) (3.32)

ŝ∗n = (ε− 1)
[
βN̂∗(t) + (1− β) Q̂∗(t)

]
(3.33)

81



Chapter 3: Structural Transformation and Technological Progress

where N̂∗(t) = N̂ s(t)− N̂m(t) and Q̂∗(t) = Q̂s(t)− Q̂m(t).

The percentage change in relative prices consists of TFP and quality components.

As shown in Table 3.2 and Figure 3.3, average TFP growth in manufacturing has been

faster than in services for almost all countries in our sample from 1970 to 2005 where

services catch up over the course of development. Hence, the growth of relative quality-

unadjusted prices diminishes over time. Given the steep increase in the share of services,

the role of quality component in relative price movements and sectoral shares should

be increasing over time. However, the data on quality growth across broad sectors are

only available for the U.S. and a formal assessment of the role of quality improvements

requires to focus on the post-war U.S economy. The role of technological progress as a

whole, on the other hand, requires an estimate for the elasticity of substitution between

sectoral goods as shown in Lemma 3.1.

To obtain an estimate for ε, we first construct the growth of nominal expendi-

ture shares and effective productivity growth, i.e. ̂ProdGrowth = T̂FP + Q̂uality =

βN̂+(1− β) Q̂, in manufacturing and services for the U.S. As shown in Figure 3.6, there

is a strong co-movement between relative productivity growth and economic importance

of sectors. Contrary to the findings in the literature, this positive relationship between

effective productivity growth and sectoral shares implies an elasticity of substitution

larger than 1. To take the implications of Lemma 3.1 to the data, we regress the differ-

ence between the growth of sectoral shares on the difference in the growth of effective

productivity growth. The results presented in Table 3.5 show that the implied elasticity

is 1.36 and 1.45 with and without controlling for a constant term.

3.4.2. TFP and Quality Growth

In this part, we discuss the implications of the model for the evolution of TFP and

quality growth rates and the quality-adjusted and unadjusted prices.

Equation (3.26) already delivers one of the main properties in this model economy:

the labor share of a broad sector in vertical innovation activities is positively correlated

with the nominal expenditure share of that sector. To see how this is reflected in relative

quality growth rates, we use the innovation possibilities frontiers to obtain

Q̂j(t)

Q̂k(t)
=

(
γjQj(t)φ−1Ej

i (t)
ω

γkQk(t)φ−1Ek
i (t)ω

) 1
1−ω

, (3.34)
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Figure 3.6: This figure shows the evolution of the difference between the growth of nominal expenditure

shares and effective productivity growth in services and manufacturing from 1970 to 1997. The effective

productivity growth is the sum of TFP and quality growth rates as stated in Lemma 3.1. Sources:

Cummins and Violante (2002), EU KLEMS, BEA.
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Table 3.5: Elasticity of Substitution

(1) (2)

ŝ∗n ŝ∗n

̂ProdGrowth
s
− ̂ProdGrowth

m
0.447∗∗∗ 0.358∗∗

[2.83] [2.44]

Constant - .008

[1.12]

N 27 27

R2 0.228 0.131

Implied ε 1.447 1.358

Dependent variable is the difference between the growth

nominal expenditure shares in services and manufacturing,

i.e. ssn(t)− smn (t). t statistics in brackets. Standard errors

are robust to heteroscedasticity. ∗ p < 0.10, ∗∗ p < 0.05,

∗∗∗ p < 0.01

which says that the evolution of nominal expenditure shares, i.e. the process of structural

transformation, alters the innovation incentives and the relative quality growth of a sector

increases with increasing market share. Nevertheless, quality growth is driven by firm

size (Ej
i ≡

Ej(t)
Nj(t)

) rather than the market share (Ej) and therefore depends also on entry

dynamics. As a result, periods of fast TFP growth might be characterized by slow-downs

in quality growth rates if the rate of entry more than offsets the increase in sectoral share

due to increasing relative productivity and declining relative prices. Hence, the growth

rates of vertical and horizontal dimensions generally respond asymmetrically to changes

in nominal expenditure shares. We can formally see the link between the quality and

TFP growth rates within a sector by using equation (3.25) and the innovation possibilities

frontiers in sector j,

Q̂j(t) =

[(
ω

β

)ω
γjQj(t)φ−1

θjN j(t)ζ+ω−1

] 1
1−ω

N̂ j(t). (3.35)

Expression (3.35) shows that when there are strong spillovers from past quality in vertical

innovation, i.e. φ = 1, and ζ + ω = 1 holds, Q̂j(t)/N̂ j(t) is always a constant and the

evolutions of TFP and quality levels are qualitatively identical. In this case, it is not

possible to rationalize the differences in quality and TFP growth rates which are observed
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in the data. When ζ+ω > 1, Q̂j(t)/N̂ j(t) monotonically decreases over time since φ ≤ 1.

This result is intuitive in the sense that when the contribution of current TFP stock to

the productivity of research labor in horizontal innovation activities is rather large, i.e.

when ζ is high, a positive shock on TFP induces a large increase in the number of

firms, thereby decreasing the firm size and quality growth. This case does not generate

innovation dynamics which are consistent with the trends in the data since there is no

evidence that the importance of quality improvements relative to TFP growth decreases

over time. Hence, we conclude that ζ + ω < 1 is a necessary condition to match the

empirical patterns on quality and TFP growth rates.

Proposition 3.2. (Strength of Spillovers)

If there exists a time period where the quality growth rate relative to TFP growth in-

creases, i.e.
∂
Q̂j(t)

N̂j(t)

∂t
> 0 ∃t ∈ (0,∞), then the spillovers from past research are weak in

horizontal innovation activities, i.e. ζ < 1− ω.

Proof. Log-differentiating both sides of equation (3.35) yields the necessary condition.

While the role of quality growth relative to TFP growth in determining relative prices

and economic importance of broad sectors is increasing over time, this does not imply

that our economy moves into a new stage where the only source of technological progress

is the quality growth. To see this point, consider the effects of an increase in quality

levels in a particular sector. Such an increase not only raises the demand and profits

for the innovating incumbent firms, but also drives up the firm value, return on entry

and incentives in horizontal innovation activities. To restore equilibrium there should be

positive TFP growth.

In Section 3.2, we document that the TFP growth has been faster in manufacturing

than in services while the growth differential is decreasing over time. To see implications

of our model on relative TFP growth rates, we use equations (3.34) and (3.35) to obtain

N̂ j(t)

N̂k(t)
=

(
θjN j(t)ζ−1Ej(t)ω

θkNk(t)ζ−1Ek(t)ω

) 1
1−ω

. (3.36)

Proposition 3.2 shows that to rationalize the increasing quality growth relative to TFP,

there should be weak spillovers from past TFP levels. Hence, ζ < 1 and there is a

tendency of convergence in TFP growth rates across sectors, which is line with the
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empirical regularity 1 in Section 3.2.4. Nevertheless, this tendency might be counteracted

or reinforced by the changes in market shares which are also determined by the quality

growth rates.

3.5. Simulation

In this section, we present an illustrative simulation exercise to show that the model

is capable of rationalizing the prominent features of structural transformation together

with the general trends in TFP and quality growth rates which are summarized in Sec-

tion 3.2. The parameter choices are guided by the discussions in the previous section

and the empirical estimates of these parameters whenever available. Initial TFP and

quality levels as well as the initial population, Lx(0), are normalized to 1. The elasticity

of substitution (ε) is set to 1.45 in line with our estimates presented in Table 3.5. To

sustain positive growth in all dimensions throughout the period, we equate ω = 0.4 < 1

consistent with Proposition 3.1. Given the choice of ω, we set ζ equal to 0.3 which implies

weak spillovers from past research in horizontal innovation activities and satisfies the nec-

essary condition stated in Proposition 3.2. Labor share (β) is set to 0.66 in line with the

standard practices in the literature. To calibrate the time-invariant labor productivity

in horizontal innovation activities (θj), we observe that TFP growth in manufacturing is

larger than in services even when expenditure share of services is larger than manufactur-

ing. Given expression (3.36) and the long period of superior manufacturing performance

in TFP growth, θs

θm
should be sufficiently low to prevent a faster convergence than the

one observed in the data. In light of these observations, we set θa = 0.1, θm = 0.1 and

θs = 0.01. Table 3.6 lists the parameter values used in the simulation exercise.

We first evaluate the nominal value-added shares of broad sectors generated by the

model, which are depicted in Figure 3.7. Contrasting these patterns with the empir-

ical observations shows that the model can rationalize the most prominent feature of

structural transformation related to sectoral shares: steady decline in agriculture, hump-

shaped share of manufacturing and the steep increase in services at later stages of eco-

nomic development.52 To check whether these sectoral evolutions are driven by realistic

52We should note that the quantitative differences in value-added and labor shares can not be explained

by the model since nominal value-added share and labor share of a broad sector are equal in our model.
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Table 3.6: Parameter Values

Parameter Value Parameter Value

β 0.66 γa 0.05

ε 1.45 γm 0.2

αa 0.5 γs 0.17

αm 0.25 ζ 0.3

αs 0.25 φ 0.95

ω 0.4 Lx(0) 1

θa 0.1 LR(0) 0.1

θm 0.1 n 0.043

θs 0.01 m 0.003

Notes: This table presents the parameter val-

ues and the specified initial conditions used in

the simulation exercise to obtain Figures 3.7,

3.8 and 3.9.

TFP and quality growth rates, we turn to the model implied technical progress across

broad sectors in Figures 3.8 and 3.9. Figure 3.8 shows that initially TFP growth rate is

the highest in agriculture and lowest in services, which is consistent with the empirical

observations in Figure 3.2. Furthermore, there is a positive but weak increase in TFP

growth rate in services while TFP growth rates in agriculture and manufacturing decline

as income rises with a steeper slope in agriculture. This accords well with the estimation

results which we present in Table 3.3. Finally, the implied TFP growth gap between

manufacturing and services shrinks over the course of development as documented in

Figure 3.3 and Table 3.4. Hence, the model implied TFP growth trajectories accord well

with the observed patterns in the cross-country data. Before starting to evaluate the

performance of the model in matching the qualitative features of quality growth rates

across sectors, we should note that data on quality growth across broad sectors come

only from the post-war US economy, which had already undergone the initial periods of

structural transformation. When we focus on the evolution of quality growth rates for

high levels of income to contrast it with the US experience, we see that the model is capa-

See Buera et al. (2011b) and Herrendorf and Valentinyi (2012) for different approaches to explain the

gap between labor and value-added shares.
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ble of generating the main qualitative differences across broad sectors. First, agriculture

exhibits the least dynamic performance in the vertical dimension whereas the growth

rates are sizable in manufacturing and services. Second, the gap between manufacturing

and services is widening over time which is in line with the findings of Cummins and

Violante (2002). However, the model predicts a slight decline in agriculture and a hump-

shaped pattern in manufacturing whereas the data reflect that quality growth rates are

increasing not only in services but also in agriculture and manufacturing. Two possible

ways to explain this divergence are extending the model to incorporate inter-sectoral

knowledge spillovers and an explicit input-output structure. In the first setting, there

will be a direct positive effect of the quality growth in services on manufacturing and

agriculture. In the latter setting, manufacturing and agriculture would benefit from the

quality improvements in services depending on the input share of services. Besides this

divergence which can be eliminated by extending the model in these two dimensions, we

conclude that the model captures the main cross sectoral differences in quality growth

rates.

3.6. Conclusion

Understanding the sources of perpetual change in economic importance of broad sectors

has been a central issue in the literature on economic growth. This paper presents a

general model of structural transformation which can rationalize the prominent features

of this process, some of which have remained as puzzles for existing theories. It proposes

that incorporating quality improvements as a different source of relative price movements

across broad sectors yields promising results to reconcile the time-series properties of

relative TFP and quality growth rates and the evolution of sectoral shares, especially in

later stages of economic development.

This paper sheds light not only on the consequences but also on the sources of cross-

sectoral differences in the rate and composition of technological progress. It suggests

that a model economy, where the innovation incentives respond to the changes in market

shares, provides a realistic explanation of the observed differences in TFP and quality

growth rates as well as on constantly changing sectoral shares.
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Figure 3.7: Simulation results on the nominal expenditure shares of broad sectors over

time. For parameter values and the initial conditions, see Table 3.6.
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Figure 3.8: Simulation results on the TFP growth rates across broad sectors over time.

For parameter values and the initial conditions, see Table 3.6.
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Figure 3.9: Simulation results on the quality growth rates across broad sectors over time.

For parameter values and the initial conditions, see Table 3.6.

91



Chapter 3: Structural Transformation and Technological Progress

We should note that the evidence on industry-level quality growth rates comes solely

from the US economy between 1947-2000. Extending our knowledge on the dynamics of

industry-level quality improvements over time and across countries would contribute to

our understanding of structural transformation experienced in developed countries and

the future of developing economies substantially.
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3.7. Appendix

3.7.1. Data Sources

Sectoral Shares

We construct a data set of annual observations for labor (persons engaged), nominal and

real value added shares of agriculture, manufacturing and services using EU KLEMS and

10 Sector Database which are both provided by the Groningen Growth and Development

Center. EU KLEMS contains detailed data on employment and value added shares for

28 countries from 1970-2005.53 We use 10 Sector Database to add 19 (10 Asian and 9

Latin American) from 1950 to 2005 and contain annual series of value added, output

deflators, and persons employed for 10 broad sectors. For countries which are present

in both datasets, we use the observations from 10 Sector Database since it has longer

series.54 We end up with 45 countries from 1950 to 2005. Table 3.7 provides the list of

countries used in our analysis on sectoral shares.

We assign these 10 sectors to 3 aggregate categories, agriculture, manufacturing and

services, following the standard categorization with agriculture corresponding to ISIC

divisions 1-5 (agriculture, hunting, forestry and fishing), industry to ISIC divisions 10-45

(mining and quarrying, manufacturing, electricity, gas and water supply and construc-

tion), and services to ISIC divisions 50-99 (wholesale and retail trade, hotels and restau-

rants, transport and storage and communication, finance, insurance, real estate and

business services, community, social and personal services such as public administration,

defence, education and health care) as in Duarte and Restuccia (2010).

Trade

We compile trade data at the broad sector level for agriculture, mining, manufacturing

and services from the database of“Time Series on International Trade” from World Trade

Organization (WTO). The merchandise trade data are available for 200 countries from

1980 to 2013. Consistent with the definition of sectoral shares in Section 3.7.1, mining

is included in manufacturing and services exclude government services.

53West Germany is not counted as a separate country
54Following the alternative route would lead to breaks in series due to the shorter time span of EU

KLEMS. All our results are valid when we follow the alternative route.
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Table 3.7: List of Countries

Country First Year Last Year
ARG 1950 2005
AUS 1970 2005
AUT 1970 2005
BEL 1970 2005
BOL 1958 2005
BRA 1994 2005
CHL 1951 2005
COL 1950 2005
CRI 1950 2005

CYP 1995 2005
CZE 1995 2005
DNK 1970 2005
ESP 1970 2005
EST 1995 2005
FIN 1970 2005

FRA 1970 2005
GBR 1970 2005
GER 1970 2005
GRC 1970 2005
HKG 1970 2004
HUN 1991 2005
IDN 1966 2005
IRL 1970 2005
ITA 1970 2005
JPN 1953 2004

KOR 1953 2005
LTU 1995 2005
LUX 1970 2005
LVA 1995 2005

MEX 1950 2005
MLT 1995 2005
MYS 1970 2005
NLD 1970 2005
PER 1991 2005
PHL 1971 2005
POL 1995 2005
PRT 1970 2005
SGP 1970 2005
SVK 1995 2005
SVN 1995 2005
SWE 1970 2005
THA 1951 2005

TWN 1951 2005
USA 1970 2005
VEN 1960 2003
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Income

Per-capita income is compiled from UPenn 7.1. We use PPP Converted GDP per capita

(Laspeyres), at 2005 international dollars.

Quality Growth

We use data on quality growth at the disaggregated level from Cummins and Violante

(2002) and aggregate them to the broad sector level using value added shares from GDP-

by-industry-accounts provided by BEA. The correspondence between 1972 SIC and 1987

SIC is carried out according the matching provided by BEA. The data on quality growth

do not always cover all disaggregated industries within a broad sector. In such cases,

we assume that the annual quality growth in the sub-sectors with a missing estimate is

equal to the sectoral average computed by using available data.

3.7.2. Other Measures of Structural Transformation

In the main text, we use the nominal expenditure shares to document that hump-shaped

trajectory of manufacturing and the steep rise in services in later stages of development

are the characterizing features of structural transformation in a panel of countries. In

this section, we show that other widely used measures of structural change exhibit quali-

tatively similar patterns as shown in Herrendorf et al. (2013a). Besides showing that the

empirical observations which motivate our model is not an artifact of selective treatment

of the data at hand, they also enable us to reveal an important puzzle for existing theo-

ries which assume away the differential quality growth across sectors and assess whether

the increase in the pace of structural change are driven by international trade.

Figures 3.10, 3.11 and 3.12 depict the evolution of labor, real expenditure and trade-

augmented nominal expenditure shares of broad sectors, respectively. Real expenditure

shares are supposed to capture the consumption in quantities and they are obtained by

deflating the nominal values by industry-level price indices which are not fully quality-

adjusted. As a consequence, we end up with a situation where real and nominal expendi-

ture shares exhibit very similar patterns, which implies an elasticity of substitution larger

than 1. Another equally important point is that measured quantities and prices move

in the same direction for services which implies even a negative elasticity of substitution

between sectoral goods. Hence, the first observation contradicts the main assumption in
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the supply side theories of structural transformation, the second observation contradicts

common economic wisdom and finally they contradict each other. The superior quality

in growth in services and the widening quality growth gap between manufacturing and

services, as documented in Section 3.2, imply that there is an issue of overestimation of

prices in services which has been strengthening over time in conventional estimates and

can explain these puzzling observations if the elasticity of substitution is larger than 1

in line with the estimates provided in Table 3.5.

Expansion of international trade is a plausible alternative to explain the increase in

the pace of structural transformation recently. To address the role of trade formally, we

follow a similar way to Desmet and Rossi-Hansberg (2014) and augment the nominal

expenditure shares of the countries in our sample with their net-imports at the sectoral

level to see whether trade can explain the increase in the pace of structural transforma-

tion. Since trade data are in terms of gross output rather than value-added, we make the

same assumption, in Desmet and Rossi-Hansberg (2014), that the ratio of value-added

and gross output is the same for net imports and domestic production. This causes us

to lose the observations from 10 Sector Database since gross output data at the sectoral

level are not available. These observations come from mainly lower income countries and

excluding them might make it more difficult to document the convexities in the later

parts of structural change. Nevertheless, the results are quite robust to the inclusion

of trade as shown in Figure 3.12, where we exclude Luxembourg which seems to be an

outlier.55 Therefore, the hump-shaped pattern of manufacturing and the steep rise in

services for high levels of development are still the characterizing features of structural

change.

55The results are virtually the same without excluding Luxembourg and they are available upon

request.

96



Appendix

0
.5

1
0

.5
1

6 8 10 12

6 8 10 12

Agriculture Manufacturing

Services

Labor Share Fitted values

lngdp

Figure 3.10: Each point depicts a country-year pair. To eliminate the level differences across countries

and the differences in measurement practices between EU KLEMS and 10 Sector Database, the share

variable is regressed on a quadratic function (logged) income per capita, country fixed effects and a source

fixed effect. Country fixed effects and source fixed effects are filtered from raw data. sal = −0.670 ∗

ln(gdp/capita)+0.031∗(ln(GDP/capita))2, sml = 0.978∗ln(GDP/capita)−0.054∗(ln(GDP/capita))2,

ssl = −0.233 ∗ ln(GDP/capita) + 0.018 ∗ (ln(GDP/capita))2. All coefficient estimates are significant at

1 percent, except (logged) GDP per capita in services, which is significant at 5 percent. Standard errors

are heteroscedasticity robust and clustered at the country level.
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Figure 3.11: Each point depicts a country-year pair. To eliminate the level differences across coun-

tries and the differences in measurement practices between EU KLEMS and 10 Sector Database, the

share variable is regressed on a quadratic function (logged) income per capita, country fixed effects

and a source fixed effect. Country fixed effects and source fixed effects are filtered from raw data.

sar = −0.380 ∗ ln(GDP/capita) + 0.018 ∗ (ln(GDP/capita))2, smr = 0.570 ∗ ln(GDP/capita)− 0.03 ∗

(ln(GDP/capita))2, ssr = −0.197 ∗ ln(GDP/capita) + 0.013 ∗ (ln(GDP/capita))2. All coefficient es-

timates are significant at 1 percent. Standard errors are heteroscedasticity robust and clustered at the

country level.
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Figure 3.12: Each point depicts a country-year pair. Nominal expenditure shares including net im-

ports are regressed on a quadratic function (logged) income per capita and country fixed effects. Country

fixed effects are filtered from raw data. sar = −0.599 ∗ ln(GDP/capita) + 0.027 ∗ (ln(GDP/capita))2,

smr = 1.527 ∗ ln(GDP/capita)− 0.084 ∗ (ln(GDP/capita))2, ssr = −0.927 ∗ ln(GDP/capita) + 0.057 ∗

(ln(GDP/capita))2. All coefficient estimates are significant at 1 percent. Standard errors are het-

eroscedasticity robust and clustered at the country level. Sources: EU KLEMS, UPenn, WTO
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3.7.3. Treatment of Data

In this part, we repeat the analysis on the relationship between income per capita and sec-

toral shares presented in Section 3.2.1 using only the EU KLEMS dataset to test whether

our results are driven by the measurement differences across different data sources or our

handling of the data. Tables 3.8, 3.9 and 3.10 report the results of OLS estimations where

sectoral shares are regressed over logged per capita income with a quadratic term. We see

that agriculture falls steadily, manufacturing follows a hump-shaped pattern and services

show a steep increase at high levels of economic development after a relatively stagnant

period. Hence, the results presented in Section 3.2.1 are robust to this control.

Table 3.8: Nominal value added shares

(1) (2) (3)
Agriculture Manufacturing Services

ln(GDP/capita) -0.736∗∗∗ 1.850∗∗∗ -1.115∗∗∗

[-28.10] [22.56] [-14.25]
ln(GDP/capita)2 0.0330∗∗∗ -0.0994∗∗∗ 0.0664∗∗∗

[24.88] [-22.64] [15.90]
Observations 795 795 795
R2 0.941 0.756 0.857

Notes: This table shows the relationship between the nominal expen-

diture share of services and the development level of the countries in

EU KLEMS dataset. The results show a clear increasing pattern for

the share of services over the course of development. t statistics in

brackets. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

3.7.4. Generalized Stone-Geary Preferences

Income effects have been shown to be an important source of changing sectoral shares,

especially for low levels of per-capita income. The standard way of obtaining income

effects is to specify non-homothetic preferences (Kongsamut et al. (2001) and Foellmi

and Zweimüller (2008)). In this section, we extend our model incorporating “general-

ized” Stone-Geary preferences, which allow for relative price effects to show that our

main propositions and the model implications on the rate and direction of technologi-

cal progress hold, at least, asymptotically. Now, instead of the CES preferences as in

the main model, the preferences of the representative household are represented by the

100



Appendix

Table 3.9: Real value added shares

(1) (2) (3)
Agriculture Manufacturing Services

ln(GDP/capita) -0.486∗∗∗ 0.709∗∗∗ -0.223∗∗∗

[-10.46] [9.86] [-3.76]
ln(GDP/capita)2 0.0224∗∗∗ -0.0392∗∗∗ 0.0168∗∗∗

[9.21] [-10.16] [5.30]
Observations 795 795 795
R2 0.743 0.478 0.626

Notes: This table shows the relationship between the nominal expen-

diture share of manufacturing and the development level of the coun-

tries in EU KLEMS dataset. It demonstrates a strong hump-shaped

pattern for manufacturing share over the course of development. t

statistics in brackets. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

Table 3.10: Labor shares

(1) (2) (3)
Agriculture Manufacturing Services

ln(GDP/capita) -0.509∗∗∗ 1.422∗∗∗ -0.913∗∗∗

[-16.32] [11.63] [-6.77]
ln(GDP/capita)2 0.0238∗∗∗ -0.0817∗∗∗ 0.0579∗∗∗

[15.31] [-13.01] [8.40]
Observations 798 798 798
R2 0.890 0.867 0.894

Notes: This table shows the relationship between the nominal expen-

diture share of agriculture and the development level of the coun-

tries in EU KLEMS dataset. t statistics in brackets. ∗ p < 0.10, ∗∗

p < 0.05, ∗∗∗ p < 0.01.
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following non-homothetic instantaneous utility function:

v(t) =

[∑
j∈J

(αj)
1
ε

(
Cj(t)− C̄j

) ε−1
ε

] ε
ε−1

J = {a,m, s}, (3.37)

where Cj(t) is the quality-adjusted consumption level of good j, i.e. Cj(t) = Ωj(t)C̃j(t)

with Ωj(t) denoting the quality level of the sectoral consumption good. As in the main

text, tilded variables denote quality-unadjusted variables and the superscripts a,m and

s denote the broad sectors agriculture, manufacturing and services, respectively. The

non-negative weights (αj) sum up to one. When the elasticity of substitution between

effective consumption categories (ε) is equal to 1, the preferences take the familiar Stone-

Geary form as in Kongsamut et al. (2001). Non-homotheticity of preferences stems from

C̄j. Following the standard interpretation, C̄a can be considered as the subsistence

level food consumption and C̄s is the level of home production with C̄a > 0, C̄m = 0

and C̄s < 0. When C̄j = 0 ∀j ∈ J , then the preferences are homothetic as in Ngai

and Pissarides (2007). If all households have the preferences of the same form and the

solution to each household’s problem yields an interior solution, the economy admits

a representative household. We consider the case where the household income is high

enough to admit an interior solution to consumption allocation problem for all households

(see e.g. Herrendorf et al. (2013b)). Then, the second stage of the utility maximization

problem yields the following demand schedules given the prices:

Cj(t) =
αjpj(t)−ε∑
k αkp

k(t)1−εD(t) + C̄j (3.38)

where D(t) = E(t) −
∑

j p
j(t)C̄j. Now, nominal expenditure share of sector j, sjn(t) =

Ej(t)
E(t)

is also affected by the level of income and determined by equation (3.13) and the

relative prices (3.29):

sjn(t) =

αj

αm

[
pj(t)
pm(t)

]1−ε
+ C̄jpj(t)

Em(t)∑
k

(
αk

αm

[
pk(t)
pm(t)

]1−ε
+ C̄kpk(t)

Em(t)

) (3.39)

To find the expenditure shares of broad sectors, the level of manufacturing consumption

should be determined. Using the total value of output in the economy (eq. (3.30)), we

get:

Em(t) = smn (t)
β

1− β
Nm(t)Qm(t)1/βLx (3.40)
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with

smn (t) =
1∑

k
αk

αm

(
pk(t)
pm(t)

)1−ε
D(t)

E(t)
(3.41)

where D(t)
E(t)

=
[
1−

∑
k

C̄kpk(t)
β(2−β)Y (t)

]
. Equation (3.41), together with eq. (3.29), shows that

nominal expenditure shares of broad sectors and therefore the dynamics of the model

can be fully pinned down to the model parameters and state variables. Except these

additional income effects on sectoral shares, the results on the innovation side of the

economy, namely Propositions 3.1 and 3.2 are not affected. Proposition 3.1, on the

other hand, holds only asymptotically. Exclusion of income effects might introduce a

potential bias on the estimates of the elasticity of substitution to the extent that they

are correlated with the difference in the effective productivity growth rates between

services and manufacturing. Nevertheless, as per capita income rises, income effects

should plausibly attenuate and for high levels of income the sectoral shares will only

be determined by uneven technological progress across sectors. In case of Stone-Geary

preferences, this attenuation happens particularly fast.56 Hence the potential bias on the

results presented in Table 3.5 is plausibly small. Furthermore, inclusion of an intercept

in the estimation of ε as in the second column of Table 3.5 captures the income effects

on sectoral shares which are constant over the sample period. The results show that

while explaining some of the variation in the differential changes in sectoral shares, the

estimated elasticity of substitution is still larger than 1 and close to the baseline estimate

obtained based on uneven productivity growth only.

56Boppart (2013) uses a different specification of non-homothetic preferences where the decline of

income effects are relatively slower.
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Chapter 4

Malthus Meets Luther: the

Economics Behind the German

Reformation

If I had never taught or done anything else than I had enhanced and

illuminated secular rule and authority... this alone should deserve thanks...

Since the time of the apostles no doctor or writer, no theologian or lawyer

has confirmed, instructed, and comforted secular authority more glorious and

clearly than I was able to do through special divine grace.

Martin Luther, 1533 57

Political and social institutions are deeply rooted in history. Even when institutional

changes would be demanded by powerful forces in society, drastic changes in institutions

are infrequent events. One reason might be that the need for change builds up gradu-

ally, which allows vested interests to adapt to changing conditions and stay in power.

Overlooked or underestimated social developments as well as unexpected shocks may be

needed to shift power.

In this paper, we study the determinants of one of the most influential institutional

changes in European history which had enormous impact on the economic, cultural and

political evolution of Europe: the Reformation. Since Weber’s famous work “Protes-

tant Ethic and the Spirit of Capitalism”, it has been argued that Protestantism was a

crucial element, if not the driving force, in creating the necessary context for wealth

and human capital accumulation which eventually fostered the rise of modern economic

and political systems (see Hill (1961), Blum and Dudley (2001), Arruñada (2010) and

57quoted in Brady (2007), p. 22, translated from Luther, ”Verantwortung der aufgelegten Aufruhr von

Herzog Georg (1533)”, reprinted in D. Martin Luthers Werke, Weimar: Hermann Boehlaus Nachfolger

1912, vol. 38, p. 102-103.
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Becker and Woessmann (2009) among many others). Nevertheless, existing studies on

the determinants on the adoption of Protestantism have not been able to document an

economic rationale affecting the spread of Reformation (Becker and Woessmann (2009)

and Cantoni (2012)). Using exogenous measures of agricultural potential, we docu-

ment that rulers of the regions which were smaller in economic terms but having higher

agricultural potential were more likely to adopt Protestantism in the 16th century Holy

Roman Empire. In a simple model of princely Reformation, we show that these empirical

findings are in line with the argument that low appropriateness of prevailing (Catholic)

institutions provides the rulers of the regions with incentives to adopt the Reformation.

Hence, Reformation was more than a coincidence of theological theses flourishing in an

imaginative intellectual mind and the idiosyncratic religious tendencies of territorial lords

and can be understood in a rational choice framework where agents are partly driven by

economic incentives.

With the Reformation in Western Europe in the 16th century, not only a new religious

denomination came into being, with major consequences for ideology and social values. It

also coincided with political shifts for which the tensions had been building up for a long

period within the patchwork of German territories - princedoms, prince-bishoprics, and

free cities - and in the context of a complex balance of power and privileges in relation

to the Holy German Empire. Within a short period of time, from Luther’s first public

action in 1517 until the Peace of Augsburg in 1555, the rulers in many territories adopted

the new religion that was explicitly challenging the role of the (Catholic) emperor.

By the end of the fifteenth century, there had already been a long history of weakening

imperial authority and strengthening regional sovereignty in the Holy Roman Empire.

This process created mainly three different groups of political units legally subordinated

to the Empire: the ecclesiastical territories, the imperial and free cities and de facto

autonomous towns. These regions were carrying out important state functions and prac-

tices including the maintenance of law and order, defence, legislation and justice as well

as public finance (see Isenmann (1999) and the references therein). The demand for

constitutional reform to restrict the imperial authority in political and fiscal matters

intensified by the turn of the sixteenth century and was reflected in a series of imperial

diets (Reichstag) from the Diet of Worms (1495) to the Peace of Augsburg (1555) and

finally to the Peace of Westphalia (1648), which marks the birth of the nation-state
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and the beginning of the ‘modern’ international order while ending the European reli-

gious wars. By the Peace of Westphalia, the protracted process of increasing regional

autonomy was crowned with a formal agreement on the mutual recognition of regional

sovereignties. The political climate which Protestantism was born into was, due to an

important extent, characterized by urgent demand for constitutional reform to achieve

higher regional autonomy.58

The effect of Protestantism on the politics of the period was almost inevitable. Under

the Catholic rule, the idea of final authority was prevailing. God was the authority, his

status was expressed on earth by the Pope and represented by the Emperor. Therefore,

legitimizing the sovereignty of the regional rulers as opposed to the universality claims

by the Catholic Church would have taken one of the two possible forms: providing

an alternative narrative for the representation of the final authority or secularization.

Reformation did both. The doctrine of justification by faith alone (sola fide) undermined

the role of the catholic Church as the monopoly on worldly affairs and the role of clergy

as a separate privileged social class (Bonney (1991), p.18). On debate of secularization,

Protestantism can be seen as an expression of demand for worldly rule in a scriptural

context as stated by Luther himself (see the quote at the beginning).

While Luther’s doctrine could justify aspirations of local rulers, it still leaves us

with the question which rulers actually exploited this justification. We start from the

premise that economic factors influence the rulers’ decision. The conversion of a region

to a new religion shifts the balance of powers, both within the region and in relation to

interregional levels of the political hierarchy. The conversion allows for a shift in the rules

and institutions, which facilitates taking up economic opportunities. We hypothesize that

regions that would benefit most from a shift in power and institutions are more likely to

adopt the Reformation.

In the case of adoption of Protestantism in Germany after 1517, the potential eco-

nomic benefits should be evaluated in the context of a mainly agriculture-based Malthu-

sian economy. Small city sizes in fertile lands might indicate that the prevailing (Catholic)

58While discussing the evolution of fiscal structure in the Holy Roman Empire, Eberhard Isenmann

(1999) identifies the fundamental reasons driving this process as follows: It was the coincidence of long-

term financial and political decline with a new, severe and almost permanent military threat and an

urgent demand for constitutional reform in the fifteenth century that created the context in which early

modern taxation would develop.
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institutions fail to realize the potential, which gives local rulers the incentive to break

with the old church and old institutions to start using the potential.59

We demonstrate this idea in a simple model of princely Reformation where adopting

Protestantism is a rational choice of the ruler given the economic fundamentals: agricul-

tural potential, land endowment, and the institutional appropriateness. In this setting

Reformation is a risky decision due to the uncertainty of being successful and costly

due to the inefficient of use of productive factors during transition. On the other hand,

conditional on being successful it enables the ruler (or the ruling elite) to device more

appropriate institutions and increase the regional output and tax base. We show that

there is a cut-off value of institutional appropriateness under which conversion to the

new religion is the optimal response of the output-maximizing regional ruler. Since the

appropriateness of institutions is not directly observable, we use the agrarian-Malthusian

structure of the economy to express the appropriateness of institutions in terms of agri-

cultural potential and population levels. Given the population level, higher agricultural

potential signals worse institutions and untapped economic potential whereas conditional

on the agricultural potential a high population level implies a relatively well functioning

economic system and more appropriate institutions. Hence, the likelihood of adopt-

ing Protestantism is higher in the regions with higher agricultural potential and lower

population.

59The role of economic factors in the Reformation has been stressed before by historians. We quote

Bonney (1991), p. 15–16:

It was crucial to the history of the Reformation that Luther was not silenced, as John

Hus had been (by burning). Luther had a powerful, if an unexpected, protector. Elector

Frederick the Wise of (Ernestine) Saxony was a paragon of late medieval piety. If he

ever read Luther’s ninety-five theses about indulgences, he would have had some qualms

about offering his support, chiefly since he himself had accumulated Papal indulgences

for 127799 years in purgatory. But politics, rather than religious belief governed the

elector’s behaviour. He [Elector Frederick the Wise of (Ernestine) Saxony] was a political

opponent of Cardinal Albrecht von Hohenzollern, and had banned Johann Tetzel from

selling indulgences in his lands. He had another, financial, motive: he wanted to keep

Saxon money at home. There was to be no competition with his local shrine, and no

money leaving the duchy for Rome... Finally, as with all the princes of the Holy Roman

Empire, he wanted to maintain his independence from the Emperor.
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Using data on the adoption of Protestantism in the Holy Roman Empire and an ex-

ogenous measure of agricultural potential based on the climatic conditions and the soil

quality of a region, we empirically show that agricultural potential is a very robust and

strong determinant of conversion decisions of the rulers. Controlling for various charac-

teristics which might determine the rulers’ incentives, we find that one standard deviation

increase in agricultural potential increases the probability of adopting Protestantism by

14.1 percentage points. Furthermore, population level appears to be significant with a

negative sign, which is also consistent with our hypothesis. Everything else constant, one

standard deviation increase in the urban population of a region decreases the probability

of conversion to Protestantism by 11 percentage points.

Our paper contributes to the recent literature examining the determinants of the

adoption of Protestantism (Becker and Woessmann (2009); Cantoni (2012); Rubin (2011)).

These studies document a strong spatial dimension in the spread of Reformation and find

that a region’s distance to Wittenberg is a robust predictor of the adoption of Protes-

tantism in the Holy Roman Empire. To explain this phenomenon, Cantoni (2012) argues

that Reformation is a risky venture and the probability of success increases if more of

the neighboring regions already adopted Protestantism, which creates positive spatial

spillovers. Becker and Woessmann (2009) emphasize the frictions against the diffusion

of information in the sixteenth century. Rubin (2011) provides empirical support for

this hypothesis by showing that the presence of printing press was crucial in spreading

Lutheran ideas and is a significant predictor of the adoption of Protestantism. One line

of inquiry growing out of these findings is about the virtual absence of an economic

rationale, hence a demand-side element, in the adoption and uneven geographic distri-

bution of Protestantism. We complement existing studies by modeling the adoption of

Protestantism as a rational choice of the regional rulers. The costly and risky decision of

conversion brings about benefits by enabling the ruler to device more appropriate insti-

tutions, thereby increasing the regional output (i.e., tax base). The demand for reform

is higher in the regions where the prevailing institutions are less appropriate, that is in

the regions with higher economic potential and lower output.

Our findings have implications for the growing literature on the effects of Protes-

tantism on economic growth (Becker and Woessmann (2009); Cantoni (2011); Delacroix

and Nielsen (2001) and Spenkuch (2011)). We document that agricultural potential is an
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important source of non-random selection into Reformation in Germany while the bias

introduced by ignoring this mechanism in Protestantism-Growth regressions is not trivial

a priori. First, according to the labor push hypothesis, for example, higher agricultural

productivity combined with Engel’s law releases labor from stagnant agriculture to more

dynamic economic activities and might lead to an earlier ‘take-off’ or higher growth rates

(Alvarez-Cuadrado and Poschke (2011)). Second, comparative advantage in agriculture

in an integrated market might restrict the labor flow out of agriculture and leads to

slower economic growth (see, e.g., Matsuyama (1992)). While identifying the effects of

non-random selection into Reformation is beyond the scope of this paper, our findings

reveal that controlling only for pre-Reformation level of economic development misses

a crucial element in Protestantism-Growth nexus; therefore incorporating the regional

differences in agricultural potential is essential in assessing the impact of Protestantism

on economic development.

4.1. Model

We consider an overlapping-generations economy in discrete time. The model economy

consists of S different regions indexed by s and each region has an urban core surrounded

by a rural hinterland. These regions differ in their agricultural (rural) productivity,

hs, arable land area, Zs, and the appropriateness of prevailing institutions, λs, which

determine the economic structure and population, Lst, of the region. Goods market are

segregated and labor is immobile across regions but perfectly mobile between urban and

rural sectors within a region.60

4.1.1. Preferences

Individuals live for two periods and each individual has a single parent. In the first

period, individuals do not participate in the labor force and are supported by their

60While the urban-rural distinction is not necessary for our hypothesis on the relationship between

institutional appropriateness and the Reformation decision of the regional rulers, data on rural popula-

tion are not available for the Holy Roman Empire in the 16th century. To show that urban population

can be a good proxy for the total regional output and assess the impact of various mechanisms formally

on our estimations, we opt to be explicit about the urban-rural structure of the economic units in the

Holy Roman Empire.
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parents. In the second period, they inelastically supply their labor and allocate their

earnings between consumption and child rearing.

Parents, individuals born at time t− 1, derive utility from consumption and the number

of their children:61

U(cut , c
r
t , nt) = (cut )

θ (crt )
γ n1−θ−γ

t , θ, γ ∈ (0, 1) , θ + γ < 1 (4.1)

where cut and crt denote the consumption levels of urban and rural goods, respectively.

Urban and rural commodities are distinct in the sense that they satisfy different human

needs. Naturally, one can consider the rural output as food and the urban output as

other commodities produced specifically in the urban areas. nt is the number of children

per person which is also equal to the crude birth rate. The budget constraint of the

parent requires that total spending on consumption goods and child-raising does not

exceed his income;

put c
u
t + crt + ρnt ≤ yt, (4.2)

where yt is the per capita income, put is the price of urban good, ρ is the cost of child-

rearing and the agricultural good is the numéraire.62

4.1.2. Production

Rural sector produce goods using land and labor with constant returns to scale technology

whereas the urban sector uses only labor. The rural and urban output produced at time

t in region s, Y r
st and Y u

st are given by:

Y r
st = λαs (hsZs)

α (Lrst)
1−α , α ∈ (0, 1), (4.3)

Y u
st = λαsL

u
st,

where λs reflects the appropriateness of institutions and List is the labor employed in

area i ∈ {u, r} in region s at time t.63 The appropriateness of institutions is the same

61Region subscripts are dropped whenever it does not lead to a confusion.
62To obtain the Malthusian steady-state, it is enough that relative price of child-raising does not

approach to zero as population increases. In our case, it is guaranteed by fixing the cost of child-raising

to the output price of the sector with diminishing marginal returns to labor. For different specifications

to obtain the Malthusian outcome, see Galor and Weil (2000) and Strulik and Weisdorf (2008) among

others.
63Notice that urban productivity is normalized to 1 without loss of generality. As will be clear in

Section 4.1.3, level of productivity in the urban sector has no effect on per-capita income, steady-state
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for rural and urban areas but differs from region to region reflecting the idea that the

Catholic rule was not conducive enough for the emergence of the type of institutions

compatible with the specificities of the local economic areas. It is worth to note that

the lack of flexibility in the rules of governance had different economic consequences due

to the variation in the economic structure across regions even if the Catholic rule was

following similar governance policies (e.g. tax rates) across regions. Individuals earn the

average output in the sector which they are employed and choose the area to maximize

their income. Since labor is fully mobile between urban and rural sectors within a region,

wages are equalized, i.e. Y r
st/L

r
st = pustY

u
st/L

u
st = yst.

4.1.3. Equilibrium

Individuals maximize their utility (4.1) given the budget constraint (4.2). Cobb-Douglas

preferences imply that individuals spend a constant fraction of their income on consump-

tion goods and child-rearing:

cut = θ
yt
put
, (4.4)

crt = γyt,

nt = (1− θ − γ)
yt
ρ
.

Goods markets clear and workers earn the average value of output in the sector where

they are employed. As a result, the urban employment relative to the rural sector will

be given by the ratio of the expenditure shares:

Lut
Lrt

=
θ

γ
, (4.5)

which is constant across regions and independent of the productivity levels due to Cobb-

Douglas preferences. The next step is to characterize the evolution of the economy which

boils down to figuring out the law of motion for the working population which is the only

variable factor in our model. Since each individual has a single parent, the population

level at time t, Lt, is given by the total number of children raised by the previous cohort:

Lt = nt−1Lt−1. (4.6)

population or urbanization rates.
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Using the optimal number of children (4.4), per capita income level (yt−1) and the ur-

banization rate (4.5) in (4.6), we obtain:

Lst =

(
1− θ − γ

ρ

)(
λshsZs
Lrt−1

)α
Ls,t−1,

Lst =

(
γ + θ

γ

)α(
1− θ − γ

ρ

)
(λshsZs)

α (Ls,t−1)1−α (4.7)

Expression (4.7) reveals that population ceases to grow in the long-run since there are

diminishing returns to the variable factor (labor) in the rural sector. The production

function satisfies the Inada conditions, which guarantees that there is a unique steady-

state with a positive level of population (L̄s) given by:

L̄s = ΩλshsZs, (4.8)

where Ω =
(
γ+θ
γ

)(
1−θ−γ
ρ

)1/α

is a constant which is the same across all regions. Now,

we can find the steady-state value of total output as a function of agricultural potential,

institutional appropriateness and arable land endowment. Using equation (4.8) and the

fact that rural employment is a constant fraction of total workforce (4.5), we obtain that

in the steady-state the total value of output, Ȳs, is a multiple of the total effective land

endowment:

Ȳs = ΦλshsZs, (4.9)

where Φ = 1
γ

(
1−θ−γ
ρ

) 1−α
α

. Consistent with the Malthusian logic and similar to Ashraf

and Galor (2011), differences in agricultural potential or institutional appropriateness

are reflected only in population densities, L̄s/Zs = Ωλshs, but not in per-capita income

levels, Ȳs/L̄s = Φ/Ω, in the long-run.

4.1.4. Reformation and the Ruler’s Problem

After Protestantism appeared as an alternative for the existing set of rules and insti-

tutional framework in the 16th century, the regional rulers faced a new decision which

would have drastic consequences on the organization of the society. Investigating this

transition in its multifaceted entirety is clearly beyond the scope of this paper. In the

following, we perceive the adoption of Protestantism as an institutional change which

possibly enhances regional sovereignty and creates opportunities to device institutions
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more compatible with regional necessities. We aim to determine its economic motives

in a model of princely Reformation where regional rulers maximize the tax base in the

Malthusian context explained in the previous section.

At time T when the regional economies are at the long-run Malthusian equilibrium,

the regional rulers are presented a new alternative governance structure. Now, they

have the option to alter the institutional setting by converting to Protestantism. The

change in the denomination has a probabilistic outcome on the institutional setting

and the appropriateness of institutions. Conditional on the conversion decision of a

ruler the attempt is successful with probability p and the appropriateness of institutions

changes from λs to λ̄, otherwise it stays at the pre-Reformation level, λs. Adoption

of Protestantism is costly and a fraction, µ, of the regional output is foregone during

conversion; hence, the cost of conversion is Cs(λs, hs, Zs) = µȲs with 0 < µ < 1.

The ruler maximizes the present value of net regional output by deciding on whether

to adopt protestantism or not. For simplicity, we assume that the regional ruler is moti-

vated by the permanent improvements in the output and considers the post-Reformation

steady-state income.64 Namely, his problem reads as:

maximize
R∈{0,1}

vr(λs, hs, Zs) =Φ
[
λshsZs + βE[λ̃shsZs]− 1{R=1}Cs(λs, hs, Zs)

]
=Φ

[
(1 + β)λrhsZs + 1{R=1}p(βλ̄− λs)hsZs − 1{R=1}Cs(λs, hs, Zs)

]
where 1{R=1} is the indicator function which takes the value of 1 when the ruler decides

to convert, λ̃ is the post-Reformation level of institutional appropriateness which equals

to λ̄ in case of a successful transition and λs otherwise. β is the discount factor with

0 < β < 1, and E is the expectations operator. The ruler chooses to convert if the

expected benefit of conversion exceeds the associated costs, namely if pβ(λ̄− λs)hsZs >

Cs(λs, hs, Zs) = µYsT (λs, hs, Zs) = µλshsZs. Rearranging the last expression yields the

cut-off level for the appropriateness of institutions, λ∗, below which all rulers adopt

Protestantism whereas the regions with more appropriate institutions optimally prefer

64All our qualitative results are valid for the setting where the “dynastic ruler” takes the transition

period and the associated cumulative benefits into account. The total gains during transition is a linear

combination of the two steady states and the signs of the comparative statics with respect to the variables

of interest are unaffected. Since this specification adds complexity to the problem without bringing in

any additional insights, we prefer demonstrating our hypothesis in this simpler setting. The details are

available upon request.
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staying Catholic. In particular, the ruler decides to convert if

λs < λ∗ ≡ pβλ̄

µ+ βp
. (4.10)

Equation (4.10) shows us that conversion is more likely when the expected increases

in total output is large.65 This is the case when (i) the appropriateness of institutions

before the Reformation is low, (ii) the probability of successful transition, p, is high or (iii)

costs of Reformation, µ, are low.66 While this expression might be useful to determine

the regions which are more likely to convert, it is difficult to use it empirically since the

appropriateness of institutions is not directly observable to the researcher. To be able to

express the cut-off condition using observable factors, we use the Malthusian structure

of the economy to infer the appropriateness of institutions in terms of the agricultural

potential and urban population level of a region,

λs =
θ + γ

θΩ

Lus
hsZs

. (4.11)

Combining eq (4.11) with eq (4.10), we find that

1{R=1} =

1 if θ+γ
θΩ

Lus
hsZs

< pβλ̄
µ+βp

0 otherwise

(4.12)

Equation (4.12) summarizes the main argument in this paper. Given the urban

population level, higher agricultural potential signals worse institutions and untapped

economic potential. Conversely, given the agricultural potential higher urban population

implies a relatively well functioning economic system and more appropriate institutions.

Hence, the demand for constitutional reform will be larger in the regions where the

limits imposed by the Catholic governance on the institutional structure had severe

effects, i.e. in the regions with higher agricultural potential and lower urban population.

The princes of these regions will have higher incentives for regime change and they were

more likely to adopt the Reformation. Namely, when the exposure to ‘treatment’ is

voluntary, the subjects with worse current situations but having higher potentials are

65We assume that λ∗ > minλs with s = 1, 2, ...R to rule out the uninteresting case where no ruler

has an incentive to convert. Note that λ̄ > λ∗ since µ > 0 which is apparent in (4.10).
66Cantoni (2011) explicitly focuses on the latter two determinants by arguing that the military and

economic risks associated with conversion are smaller when neighboring regions already adopted Protes-

tantism.
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more likely to receive the treatment. Hence, it is of crucial importance to control for the

fundamental element which determines the potential of a subject, which turns out to be

the agricultural potential in the context of Reformation, to assess the causal effect of the

treatment.

4.2. Data and Method

4.2.1. Empirical Specification

We test the hypothesis that the rulers of the cities which were smaller in economic terms

but having higher agricultural potential were more likely to adopt Protestantism. In

doing so, we estimate various linear probability models in the following form:67

Protestanti = β0 + β1AgrPoti + β2ln(UrbPop)i + γXi + εi (4.13)

where Protestanti is a binary variable and takes the value of one when city i adopted

Protestantism by 1600, AgrPoti denotes the agricultural potential in city i, ln(UrbPop)i

is the logged urban population of the city in 1500. γ is a vector of coefficients and various

control variables are stacked in vector Xi. Finally εi is the error term which is assumed

to be uncorrelated with any of the explanatory variables. In light of equation (4.12), we

expect that the effect of agricultural potential is positive on the adoption of Protestantism

whereas the (logged) population has a negative effect. We should note that there is no

reliable data on the total land area of the regions in the Holy Roman Empire. Hence, we

have to assume that it is not correlated with our measure of agricultural potential and

the urban population.

4.2.2. Main Variables

We use data on cities in the Holy Roman Empire to empirically test our argument on

the relationship between the appropriateness of institutions and the adoption of Protes-

tantism.68 The dependent variable is the city’s being Protestant by 1600 which comes

67The predicted probability of adoption might fall outside the [0,1] interval in the linear probability

model. To address this point, we estimated probit models and find that the qualitative results are intact.
68We would like to thank Davide Cantoni and Maarten Bosker for sharing their data with us.
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from Cantoni (2012). It is a binary variable which takes the value of 1 if a church ordi-

nance was drafted or introduced for the new Protestant state church by 1600. The 1600

division of cities is very similar to the one in 1624 after when the religious denominations

of cities remained stable due to the Peace of Westphalia. Hence, the cities which are

labeled as Protestant in our sample reflect permanent changes in religious denomina-

tions. One issue about using cities as the unit of analysis is that there are cases where

more than one city fell under the same ruler; hence their religious statuses in 1600 were

co-determined. Since we have data on agricultural potential only at the city level, it

is natural to start the analysis from the city level. Clearly, this method assigns higher

weights to the larger territories with more cities. We address this issue in two ways. First,

we cluster the standard errors at the territory level. Second, we aggregate the variables

which are available only at the city level by weighting them with the population shares

of cities within their territory in 1500 and replicate our analyses at the territory level to

test the robustness of the results.69

The main variable of interest is agricultural potential which comes from Bosker et al.

(2012) and is compiled from Ramankutty et al. (2002).70 It measures the probability of

the region’s being cultivated based on its climatic suitability (growing degree days and

moisture index) and soil quality (soil carbon density and soil pH in the top 30 cm of the

soil) at a resolution of 0.5 degrees latitude-longitude (which on average corresponds to a

grid of 55 km to 37 km in our sample).71 We also test the robustness of our results by

employing the ruggedness of a region as an inverse measure of the ease of cultivation.

Ruggedness is defined as the standard deviation of the elevation of the terrain within 10

km from each city.72 The advantage of using these measures is that both measures are

based on biophysical, climatological or geographic attributes of a region and reflect the

agricultural potential of the land rather than its actual utilization. Furthermore, they

69The results are similar for different ways of aggregation such as assigning equal weights or using

logged population in 1500 as the weight of each city. The qualitative results are unaffected in these

estimations and the effect of agricultural potential becomes even larger. They are available upon request.
70This dataset has been used by many authors in different contexts. See e.g. Ashraf and Galor (2011),

Ashraf and Galor (2013), Foley et al. (2011) and Michalopoulos (2012)
71For details on the construction of the agricultural potential index and its discrepancy with actual

land utilization, see Ramankutty et al. (2002).
72Agricultural potential and terrain ruggedness are negatively correlated with a correlation coefficient

of -0.46.
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are clearly exogenous to the conversion decision of the ruler and reverse causality is not

an issue.

Urban population data comes from Bairoch et al. (1988) and is available only at the

city level. Clearly, urban population is at best an approximation for the total population

of a city with its hinterland. While it is plausible that the economic prosperity of a region

was reflected in its city size, this relationship might not hold for “parasite cities” which

accommodated bureaucrats and landlords rather than being centers of commerce or trade

(see De Long and Shleifer (1993) for a discussion). To address this issue, we control for a

city’s having a university, being ecclesiastical and the per-capita number of monasteries

which can also capture the relative size of the clergy and bureaucracy. In our model there

is no cross-regional variation in urbanization rates due to homothetic Cobb-Douglas

preferences (4.5). When there is non-homotheticity in preferences or the elasticity of

substitution between rural and urban goods are different from 1, then urbanization rates

might differ across regions due to productivity differences in the urban sector. Although

our extensive set of control variables should capture a sizable share of the cross regional

variation in urban productivity, we also use data on military war tax (Reichsmatrikel),

which is a better measure than the urban population (Cantoni (2012)), to proxy for the

economic and military size of a territory whenever it is available.

While investigating the determinants of the rulers’ decisions on conversion, it is im-

portant to exclude the very small cities where the rulers’ decisions were likely to be

influenced by the decision of stronger regions. Furthermore, the population estimates of

smaller cities is based on substantially less information (see De Long and Shleifer (1993)).

As a result, we exclude the cities whose population did not reach 10.000 inhabitants at

any point in time until 1800. The list of cities in our sample is given in the appendix

with their agricultural potential, urban population and distance to Wittenberg.

The dataset enables us to control the effects of various geographic, economic, insti-

tutional and informational factors which might influence the supply of and demand for

Reformation and the adoption of Protestantism. We have information on cities’ age, lat-

itude, longitude, population in 1500, population growth between 1300 and 1500, being

close to a navigable river, being close to (a hub of) a Roman road, distance to Wittenberg

and the availability of printing press, monasteries per capita in the city and the type of

governance such as being ecclesiastical or having a free city status. Table 4.1 presents
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Figure 4.1: This map shows the diffusion of Reformation in the 16th century in our sample. The

geographic area corresponds to present day Germany and Austria. The background reflects the elevation

of the terrain. Protestant (Catholic) regions are depicted with a blue (red) marker. The size of the

circle reflects the urban population of the city in 1500.

the summary statistics for the variables used in our analysis. In the last column, we

report the t-statistics of the tests where the null hypothesis is the equality of the group

means.

It is seen that the regions which adopted Protestantism were smaller in city size, had

higher agricultural potential and had less rugged terrain on average. We also present the

spatial distribution of denominational choice and agricultural potential in Figures 4.1

and 4.2, respectively. In the following, we will examine the determinants of the adop-

tion of Protestantism in a formal way. After presenting our baseline results in Section

4.3.1, we conduct a series of robustness tests to check the sensitivity of our results by in-
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Figure 4.2: This map shows the distribution of agricultural variable used in our sample. The geo-

graphic area corresponds to present day Germany and Austria. The background reflects the elevation

of the terrain. Agricultural potential increases going from to red to blue/purple. The size of the circle

reflects the population of the city in 1500.
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vestigating the presence of alternative explanations, relaxing the modeling assumptions,

using different definitions of the political/geographic unit of analysis, employing different

measures of agricultural potential, testing the presence of heterogeneous effects across

sub-samples and assessing the role of the two agglomerations of denominational choice

in Section 4.3.2.

Table 4.1: Summary Statistics - City Level

Mean

Variables Mean Std. Dev. Catholic Protestant t-stat
Protestant by 1600 0.71 0.46 0 1 -
Agricultural Potential 0.6 0.22 0.5 0.64 -2.21
Ruggedness 57.12 95.62 113.88 34.17 2.18
Latitude 50.77 1.87 49.26 51.38 -4.81
Longitude 10.58 2.43 10.11 10.76 -0.88
Roman Road (hub) 0.17 0.38 0.37 0.09 2.34
Roman Road (no hub) 0.12 0.33 0.21 0.09 1.2
River 0.52 0.5 0.47 0.53 -0.42
Population in 1500 (log) 1.68 1.11 1.95 1.58 1.31
Population growth 1300-1500 38.67 70.41 20.56 45.99 -1.23
City age 6.68 3.9 8.59 5.91 2.16
University 0.12 0.33 0.26 0.06 1.81
Ecclesiestical 0.18 0.39 0.42 0.09 2.72
Monastries (p.c.) 0.83 1.24 1.18 0.69 1.32
Free Imperial City 0.21 0.41 0.16 0.23 -0.72
Hanseatic 0.21 0.42 0.11 0.26 -1.55
Distance to Wittenberg 2.93 1.44 4.15 2.44 5.41
Augustinian Monastries 0.27 0.45 0.47 0.19 2.15
Printing Press 0.26 0.44 0.32 0.23 0.65

This table presents the descriptive statistics for the main variables used in the empirical

analysis at the city level. Columns 4 and 5 show the group means for Catholic and Protestant

cities. Column 6 presents the test results on the equality of growth with unequal variances.

4.3. Results

4.3.1. Main Results

Table 4.2 presents the results of the linear probability model at the city level where

having adopted Protestantism by 1600 is the dependent variable. Each column reports

an estimation of equation (4.13) with a different set of controls including geographical,

economical, institutional and informational factors with Column 5 showing our baseline

results.

It is seen that agricultural potential is an important determinant of conversion with a
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very significant and positive coefficient estimate. Furthermore, the (logged) population of

the city in 1500 is negatively related to the likelihood of adopting Protestantism. Hence,

our findings are consistent with the hypothesis that the probability of adopting Protes-

tantism was significantly higher for the regions which had higher agricultural potential

but could not materialize this advantage under the Catholic rule and were economically

smaller. This pragmatic motive of religion choice is in line with the general economic

wisdom but is absent in the former studies investigating the determinants of the rulers’

choice of Protestantism (Becker and Woessmann (2009) and Cantoni (2012)).

This finding is robust to the control of various factors which are possibly related

to incentives of the rulers or the economic or geographic context which affected the

likelihood of conversion. One robust determinant of the adoption of Protestantism is the

closeness to or the presence of Catholic Church which are measured by the city’s being

ecclesiastical and the number of monasteries per capita, respectively. It is found that it

was less likely for the ruler to convert in ecclesiastical cities where the legitimacy of the

power was partly based on the clerical role of the regional ruler and/or in cities where

the number of monasteries per capita was higher.

An interesting exercise is to compare the agricultural potential measure with the

distance to Wittenberg which has been found to be the most important determinant of

the spread of Protestantism in existing studies. It is seen that they perform equally well in

terms of statistical significance or predictive power in city level regressions. Furthermore,

the size of the estimate, albeit being smaller, is comparable to that of the distance

to Wittenberg. One standard deviation increase in agricultural potential increases the

likelihood of adoption of Protestantism by 14.1 percentage points whereas one standard

deviation increase in the distance to Wittenberg decreases the probability of adoption

by 19.4 percentage points (Column 4).

4.3.2. Robustness Tests

An Alternative Explanation: Trade Potential

In our model, we assume that goods markets are segregated and there is no trade. In the

Malthusian steady-state, it is expected that individuals are at the subsistence level and

no-trade outcome might seem to be a good approximation. Nevertheless, it is possible

that the regional economies in our sample were not at the steady-state. Moreover, exis-
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Table 4.2: Adoption of Protestantism by 1600 (Cities)

(1) (2) (3) (4) (5) (6)

Agriculture+ Geography+ Economy+ Institutions+ Information+ Trade Pot.

Agricultural potential 0.644∗∗ 0.614∗∗∗ 0.681∗∗∗ 0.673∗∗∗ 0.643∗∗∗ 0.614∗∗∗

(0.257) (0.198) (0.226) (0.172) (0.189) (0.196)

Urban potential 0.521∗∗

(0.247)

Latitude 0.118∗∗∗ 0.114∗∗∗ 0.112∗∗∗ 0.033 0.076∗

(0.022) (0.037) (0.037) (0.034) (0.038)

Longitude 0.045∗∗∗ 0.031∗∗ 0.009 -0.029∗ 0.015

(0.017) (0.015) (0.018) (0.016) (0.026)

River 0.018 0.071 0.084 0.054

(0.111) (0.097) (0.095) (0.089)

Roman road (hub) -0.092 -0.058 0.019 -0.081

(0.178) (0.119) (0.119) (0.151)

Roman road 0.070 -0.059 0.061 -0.001

(0.162) (0.170) (0.146) (0.131)

Population at 1500 (log) -0.061∗ -0.118∗∗ -0.099∗ -0.085∗

(0.036) (0.054) (0.051) (0.048)

Population growth (1300-1500) 0.002∗∗ 0.001∗∗ 0.001 0.001∗

(0.001) (0.000) (0.001) (0.001)

City age -0.007 0.003 -0.000 0.007

(0.019) (0.016) (0.016) (0.015)

University -0.183 -0.139 -0.132

(0.150) (0.156) (0.144)

City ecclesiastical at 1500 -0.296∗∗ -0.352∗∗∗ -0.348∗∗∗

(0.125) (0.126) (0.121)

Monastries per capita -0.103∗∗∗ -0.094∗∗∗ -0.094∗∗∗

(0.027) (0.027) (0.031)

Free Imperial city 0.109 0.097 0.055

(0.142) (0.118) (0.130)

Hanseatic -0.018 0.035 0.111

(0.135) (0.127) (0.134)

Distance to Wittenberg -0.136∗∗∗ -0.119∗∗∗

(0.036) (0.035)

Augustinian monastries -0.162 -0.139

(0.121) (0.128)

Printing press by 1517 -0.009 -0.066

(0.119) (0.116)

Constant 0.327 -6.100∗∗∗ -5.729∗∗∗ -5.202∗∗∗ -0.398 -3.809

(0.199) (1.118) (2.034) (1.939) (1.898) (2.355)

Observations 66 66 66 66 66 66

R2 0.093 0.366 0.457 0.624 0.677 0.701

Dependent variable is a dummy variable which is 1 if there is a Protestant church ordinance drafted by 1600. Robust standard

errors are clustered at the territory level are in parenthesis. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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tence of trade might disrupt the Malthusian evolution of the economy in the first place

since it can restrict the relative price of the agricultural good from above. In such a case,

the effective land endowment will not be the only determinant of economic potential

as shown in Curuk and Smulders (2014). Omitting trade leads to biased estimates if

trade is correlated with agricultural potential and population, which is not unlikely. For

instance, high agricultural potential and lower urban population may imply improper

access to other markets and low potential for commerce. If trade constitutes an impor-

tant component of economic potential and if it is negatively related to the adoption of

Protestantism contrary to our hypothesis, then omitting trade potential would bias the

estimates in favor of our argument.

While we control for the city’s being close to a navigable river and to a (hub of)

Roman road which might capture trade opportunities to some extent in our baseline

specification, we investigate the effects of the trade potential further by using the urban

potential of each city. Urban potential is used as a proxy for the trade potential of a

city and comes from Bosker et al. (2012). It measures the urban development in the

proximity of each city and constructed based on De Vries (1984) as follows:

UPi =
N∑
j 6=i

Popj
Dij

(4.14)

where UPi is the urban potential of city i, Dij is the great circle distance between city

i and j and N is the number of cities in the sample of Bosker et al. (2012). We opted

for this larger sample having information on 677 European cities with more than 10000

inhabitants since using only the cities in our sample would miss many relevant urban

regions with possible trade linkages and lead to substantially under-estimated figures.

Column 6 of Table 4.2 reports the specification which controls also for the urban potential

and shows that our results are robust to this additional control. Furthermore, the urban

potential variable is significant and positive with a sizable impact on the probability

of conversion. One standard deviation increase in the urban potential increases the

probability of conversion by 15.6 percentage points. This finding provides further support

to our argument that the regions with higher economic potential with lower output

were more likely to adopt Protestantism. Figures 4.3 presents the effect of agricultural

potential on the adoption of Protestantism conditional on the whole set of covariates
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used in Column 7 of Table 4.2.
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Figure 4.3: The Partial Effect of Agricultural Potential on Protestantism - Cities

Improper Choice of the Unit of Analysis: Territory Level Regressions

The baseline analyses are conducted at the city level since the agricultural potential and

the population variables are available at the city level. However, the conversion decisions

were taken by the territorial lords and the religious denominations of the cities falling

under the same territorial ruler were co-determined. In the baseline estimations, the

standard errors are clustered at the territory level to control for the correlation in the

error terms between cities within a territory. In this part, we explicitly address this

issue and investigate the validity of our hypothesis at the territory level. In doing so,

we aggregate the variables of interest which are only available at the city level using

the population share of cities within their territory.73 An additional advantage of using

territory as the unit of analysis is that we have data on the military tax contribution of

each territory (Reichsmatrikel) to proxy for the economic and military size of a region

and the rulers’ being an elector in determining the Emperor to control for an important

factor in determining the demand for Reformation and regional sovereignty. Table 4.3

presents the results of the territory level estimations. It is seen that our baseline results

are valid also at the territory level where agricultural potential is a positive and strong

73Using different weighting schemes does not alter the qualitative conclusions. The results are available

upon request from the authors.
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predictor of the adoption of Protestantism. Reichsmatrikel which is a proxy for the

economic and military size of a territory is significant and negative. Remarkably, once

we control for the co-determination of the religious status among the cities falling under

the same territory, distance to Wittenberg becomes insignificant since the geographic

coordinates of the territory explain much of the variation in the distance to Wittenberg

for the smaller number of observations available at the territory level.

Table 4.3: Adoption of Protestantism by 1600 (Territories)

(1) (2) (3) (4) (5) (6)

Agriculture+ Geography+ Economy+ Institutions+ Information+ Trade Pot.

Agricultural potential 0.874∗∗ 1.020∗∗∗ 0.883∗∗ 0.799∗∗∗ 0.736∗∗ 0.662∗

(0.342) (0.307) (0.362) (0.277) (0.334) (0.338)

Urban potential 0.232

(0.272)

Latitude 0.098∗∗∗ 0.056 0.049 0.050 0.071

(0.030) (0.046) (0.039) (0.047) (0.056)

Longitude 0.053∗ 0.071∗∗ 0.066∗ 0.064 0.077

(0.028) (0.031) (0.035) (0.043) (0.047)

Population at 1500 (log) -0.060 -0.098 -0.109 -0.098

(0.062) (0.077) (0.090) (0.096)

River 0.114 0.129 0.125 0.105

(0.140) (0.114) (0.121) (0.126)

Roman road (hub) -0.130 -0.152 -0.135 -0.151

(0.231) (0.166) (0.180) (0.193)

Roman road -0.012 -0.218 -0.195 -0.223

(0.214) (0.196) (0.207) (0.220)

Reichsmatrikel -0.114∗∗ -0.138∗∗∗ -0.131∗∗ -0.134∗∗

(0.055) (0.049) (0.054) (0.053)

University -0.007 -0.008 -0.003

(0.173) (0.184) (0.185)

Elector 0.269∗ 0.247 0.205

(0.148) (0.178) (0.164)

City ecclesiastical at 1500 -0.499∗∗∗ -0.498∗∗∗ -0.479∗∗∗

(0.167) (0.172) (0.177)

Free Imperial city 0.169 0.164 0.162

(0.195) (0.188) (0.195)

Distance to Wittenberg -0.014 -0.016

(0.077) (0.076)

Printing press by 1517 0.068 0.063

(0.147) (0.151)

Constant 0.104 -5.498∗∗∗ -3.227 -2.574 -2.522 -4.024

(0.238) (1.501) (2.439) (2.167) (2.880) (3.532)

Observations 49 49 49 49 49 49

R2 0.115 0.280 0.408 0.626 0.629 0.635

Dependent variable is a dummy variable which is 1 if there is a Protestant church ordinance drafted by 1600. Robust

standard errors are clustered at the upper-territory level are in parenthesis. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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An Alternative Measure for Agricultural Potential: Ruggedness

One possible concern about our baseline estimations might be that the results are sensi-

tive to the use of different proxies for agricultural potential. The proxy for agricultural

potential is constructed based on the information about climatic conditions and soil qual-

ity. Although it is plausibly exogenous and not correlated to the unobservables which

might influence the rulers’ decision of conversion, one can argue that the organic carbon

content of soil today, which is one of the factors determining soil quality, is determined by

the intensity of historic land usage (see Vollrath (2010)). To investigate the sensitivity of

our baseline results to the choice of alternative measures of agricultural potential, we use

the ruggedness of a region, which is exogenous to the land usage, as an inverse measure

for the ease of cultivation. Rugged terrain is difficult to cultivate since steep slopes in-

crease the erosion hazard, the likelihood of landsliding and negatively affects the ease of

water control (The Food and Agriculture Organization, 1993).74 Ruggedness is measured

by the standard deviation of the elevation of the terrain within a 10 kilometer radius

of the city (Bosker et al. (2012)). Table 4.4 shows that terrain ruggedness is negative,

significant and robust to the control of various relevant factors affecting the adoption of

Protestantism. Furthermore, in the last column of Table 4.4 it is seen that when agricul-

tural potential is directly controlled for ruggedness is longer significant which shows that

the negative effect of terrain ruggedness operates through its contribution to agricultural

potential.

Sub-samples and Heterogeneous Effects

Another possible source of concern is that the effect of economic potential and the actual

output might differ across different groups of regions. It arises possibly due to the

fact that although Reformation marked a qualitative change in the relations between

the Emperor and the subordinates, increasing regional autonomy had been an ongoing

process which can be traced back long before the historical episode we investigate. This

process created different institutional structures across regions, some of which might

74The economic effects of ruggedness have been investigated in a number of recent studies. For

instance, Nunn and Puga (2012) show that ruggedness has a direct negative effect on the present-day

per capita income while it has a differential positive impact in Africa since rugged terrain provided

valuable protection against raids during slave trades.
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Table 4.4: Adoption of Protestantism by 1600 (Cities) - Ruggedness

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

Ruggedness+ Geography+ Economy+ Institutions+ Information+ Trade Pot.+ Agriculture

Ruggedness -0.002∗∗∗ -0.001∗∗ -0.001∗∗ -0.001∗∗ -0.001∗ -0.001∗ -0.000

(0.000) (0.000) (0.001) (0.000) (0.000) (0.000) (0.000)

Urban potential 0.574∗∗ 0.522∗∗

(0.275) (0.249)

Agricultural potential 0.589∗∗∗

(0.211)

Latitude 0.107∗∗∗ 0.095∗∗ 0.104∗∗ 0.020 0.067 0.071∗

(0.030) (0.039) (0.040) (0.038) (0.045) (0.040)

Longitude 0.032∗ 0.015 -0.004 -0.045∗∗ 0.005 0.015

(0.018) (0.015) (0.020) (0.018) (0.028) (0.026)

River -0.014 0.042 0.059 0.026 0.047

(0.114) (0.108) (0.106) (0.099) (0.090)

Roman road (hub) -0.051 -0.055 0.017 -0.091 -0.066

(0.212) (0.155) (0.162) (0.198) (0.158)

Roman road 0.114 -0.044 0.085 0.017 0.013

(0.189) (0.191) (0.166) (0.154) (0.138)

Population at 1500 (log) -0.041 -0.101∗ -0.103∗ -0.087∗ -0.080

(0.037) (0.055) (0.054) (0.050) (0.051)

Population growth (1300-1500) 0.002∗∗ 0.001∗∗ 0.001 0.001∗ 0.001∗

(0.001) (0.001) (0.001) (0.001) (0.001)

City age -0.015 -0.003 -0.005 0.004 0.006

(0.023) (0.022) (0.021) (0.020) (0.016)

University -0.117 -0.126 -0.119 -0.125

(0.147) (0.152) (0.138) (0.148)

City ecclesiastical at 1500 -0.300∗ -0.365∗∗ -0.360∗∗ -0.349∗∗∗

(0.154) (0.154) (0.148) (0.124)

Monastries per capita -0.092∗∗∗ -0.084∗∗∗ -0.085∗∗ -0.093∗∗∗

(0.033) (0.031) (0.036) (0.031)

Free Imperial city 0.139 0.111 0.062 0.047

(0.174) (0.150) (0.161) (0.134)

Hanseatic -0.046 0.034 0.119 0.117

(0.136) (0.130) (0.134) (0.134)

Distance to Wittenberg -0.153∗∗∗ -0.132∗∗∗ -0.118∗∗∗

(0.040) (0.037) (0.035)

Augustinian monastries -0.129 -0.106 -0.139

(0.135) (0.143) (0.130)

Printing press by 1517 0.073 0.005 -0.075

(0.128) (0.118) (0.117)

Constant 0.816∗∗∗ -5.013∗∗∗ -4.085∗ -4.185∗ 0.913 -2.891 -3.570

(0.063) (1.565) (2.104) (2.109) (2.087) (2.803) (2.472)

Observations 66 66 66 66 66 66 66

R2 0.145 0.312 0.409 0.561 0.626 0.655 0.702

Dependent variable is a dummy variable which is 1 if there is a Protestant church ordinance drafted by 1600. Robust standard errors are

clustered at the territory level are in parenthesis. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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have been more suitable to limit the idiosyncratic tendencies of the regional rulers and

influence the ruler’s decision compatible with the specificities of the local economic area.

In this case, the relationship between the adoption of Protestantism, economic potential

and actual output would be stronger in the regions with initially high levels of regional

autonomy and participative governance.

We consider this possibility in Table 4.5 where we report the estimated coefficients

of relevant variables for different sub-samples with the full set of controls in our baseline

estimating equation - Column 6 of Table 4.2. Agricultural potential is always positive and

significant and (logged) population is always negative, albeit being imprecisely estimated

in some cases. Interestingly, once we exclude the Free and Imperial cities (Reichsstadt)

the effect of agricultural potential is weaker, showing that the relationship between the

appropriateness of institutions and the adoption of Protestantism is stronger among

those cities. This finding is in line with the expectation that participatory governance

limits the idiosyncratic tendencies of the regional rulers and make the effect of economic

fundamentals on the adoption of Protestantism more discernible.75

The Role of Agglomerations

In Figure 4.1, it is seen that there are two areas where the denominational choice shows

significant degree of concentration: Northeast Germany where all rulers adopted Ref-

ormation without exception and Austria where most of the regions stayed Catholic. If

these agglomerations are also correlated with agricultural potential and population, then

they might impact our baseline results. In such a case, understanding whether these ag-

glomerations of denominational choice are driven by some omitted factors which are not

controlled for in the empirical analysis would become important for the validity of our

findings. In Figure 4.2, I present the values of agricultural potential on a similar map

again together with the urban population levels. Agricultural potential increases going

from to red to blue/purple. and the size of the circles reflects the population of the city

75This observation might also imply that the regions which responded more to economic incentives

(with higher agricultural potential and lower population) had also been more likely to obtain the free

city status before the Reformation. This is consistent with the argument that regional autonomy had

been obtained through a protracted and sometimes conflictual process. To the extent that former

improvements in the institutional structure provided only partial autonomy from the Emperor, the

benefits of adopting Reformation were still large for Free and Imperial cities.
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Table 4.5: Adoption of Protestantism by 1600 - Sub-samples

No Ecclesiastical No Free Cities No Hanseatic

Agricultural potential 0.593∗∗ 0.582∗∗ 0.481∗∗ 0.380∗ 0.638∗∗∗ 0.618∗∗

(0.240) (0.278) (0.178) (0.206) (0.222) (0.236)

Ruggedness -0.001 -0.000 -0.001∗∗∗ -0.001∗∗ -0.001 -0.000

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Urban potential 0.479∗ 0.548∗ 0.480∗ 0.393 0.311 0.345 0.322 0.317 0.325

(0.261) (0.279) (0.263) (0.237) (0.234) (0.225) (0.264) (0.308) (0.263)

Population at 1500 (log) -0.103∗ -0.105∗ -0.101∗ -0.089 -0.069 -0.072 -0.097 -0.123∗ -0.090

(0.051) (0.054) (0.056) (0.056) (0.048) (0.048) (0.061) (0.071) (0.066)

Distance to Wittenberg -0.137∗∗∗ -0.139∗∗∗ -0.136∗∗∗ -0.132∗∗∗ -0.130∗∗∗ -0.128∗∗∗ -0.153∗∗∗ -0.166∗∗∗ -0.153∗∗∗

(0.039) (0.042) (0.040) (0.035) (0.036) (0.034) (0.049) (0.052) (0.050)

Controls All All All All All All All All All

Observations 54 54 54 52 52 52 52 52 52

Clusters 38 38 38 35 35 35 36 36 36

R2 0.674 0.631 0.675 0.827 0.816 0.833 0.726 0.676 0.727

Dependent variable is a dummy variable which is 1 if there is a Protestant church ordinance drafted by 1600. Robust

standard errors are clustered at the territory level are in parenthesis. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

in 1500. While we do not observe a clear pattern in terms of agricultural potential for the

North-eastern cities, Austrian cities are apparently not suitable for agriculture. Never-

theless, we address these issues explicitly by replicating our baseline analysis, excluding

these regions. In Table 4.6, the first column replicates the most extended specification in

our baseline estimations and the second column reports the estimates when we exclude

the cities lying on the Northeast of the Bielefeld-Chemnitz axis. Although almost 45

percent of the observations are lost, the results are in line with the baseline estimates.

The coefficient estimate of agricultural potential is larger than the baseline estimate,

urban potential is no longer significant while the combined effect of these two variables

capturing economic potential is very close to the baseline estimate. The (logged) popula-

tion appears with a negative sign, albeit being imprecisely estimated (significant at 13.8

percent). In the third column, the results of the estimation where Austrian cities are

excluded are presented. Again economic potential variables are positive and significant

and their combined effect is close to our baseline estimates and population appears with

a negative sign.76 Hence our baseline results are not driven by the two agglomerations

76The results are robust to considering Munich, Regensburg and Passau also in the Catholic agglom-

eration in the South East.
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in the North East Germany or in Austria.

4.4. Conclusion

We show that rulers of the regions which were smaller in economic terms but having

higher agricultural potential were more likely to adopt Protestantism in the Holy Ro-

man Empire during Reformation. This finding documents an economic rationale of the

adoption of Protestantism, which is absent in existing studies underscoring strategic

neighborhood interactions (Cantoni (2012)) and diffusion of information (Becker and

Woessmann (2009)). The results reveal an important source of positive selection into

Reformation based on agricultural potential, which makes it crucial to control for the

agricultural potential while investigating the Protestantism-Growth nexus during Indus-

trialization.
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Table 4.6: Adoption of Protestantism by 1600 (Cities)

(1) (2) (3)

Protestant by 1600 Protestant by 1600 Protestant by 1600

Agricultural potential 0.614∗∗∗ 0.859∗∗ 0.471∗∗

(0.196) (0.327) (0.202)

Urban potential 0.521∗∗ 0.346 0.522∗∗

(0.247) (0.338) (0.254)

Latitude 0.076∗ -0.057 0.074∗

(0.038) (0.119) (0.041)

Longitude 0.015 -0.018 0.021

(0.026) (0.060) (0.032)

River 0.054 -0.132 0.003

(0.089) (0.199) (0.086)

Roman road (hub) -0.081 0.033 0.024

(0.151) (0.152) (0.170)

Roman road -0.001 0.198 -0.042

(0.131) (0.162) (0.183)

Population at 1500 (log) -0.085∗ -0.164 -0.076

(0.048) (0.108) (0.054)

Population growth (1300-1500) 0.001∗ 0.001 0.001∗

(0.001) (0.001) (0.001)

City age 0.007 0.010 0.001

(0.015) (0.019) (0.018)

University -0.132 0.265 -0.148

(0.144) (0.239) (0.149)

City ecclesiastical at 1500 -0.348∗∗∗ -0.473∗∗ -0.358∗∗∗

(0.121) (0.186) (0.133)

Monastries per capita -0.094∗∗∗ -0.050 -0.092∗∗

(0.031) (0.074) (0.034)

Free Imperial city 0.055 0.150 0.044

(0.130) (0.262) (0.127)

Hanseatic 0.111 -0.125 0.123

(0.134) (0.408) (0.139)

Distance to Wittenberg -0.119∗∗∗ -0.355∗∗∗ -0.094∗∗

(0.035) (0.125) (0.036)

Augustinian monastries -0.139 -0.350∗ -0.125

(0.128) (0.182) (0.123)

Printing press by 1517 -0.066 0.104 -0.070

(0.116) (0.220) (0.114)

Constant -3.809 4.191 -3.760

(2.355) (6.834) (2.399)

Observations 66 37 60

R2 0.701 0.774 0.665

Dependent variable is a dummy variable which is 1 if there is a Protestant church ordinance drafted by 1600.

Robust standard errors are clustered at the territory level are in parenthesis. Column 1 replicated the most

extended specification in the baseline estimation presented in the main text. Column 2 excludes the cities lying

in the Northeast of Bielefeld-Chemnitz axis. Column 3 excludes Austrian cities. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗

p < 0.01
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Table 4.7: List of Cities

Cities Denomination Agricultural Distance to Wittenberg Population in

Potential (in 100 kms) 1500 (in 1000s)

Worms Protestant 0.97 3.901 8

Stuttgart Protestant 0.956 4.231 1

Leipzig Protestant 0.947 0.649 10

Halle Protestant 0.933 0.635 8

Wuerzburg Catholic 0.895 2.984 7

Freiburg Catholic 0.864 5.512 6

Speyer Protestant 0.862 4.107 13

Frankfurt An Der Oder Protestant 0.857 1.397 11

Halberstadt Protestant 0.852 1.087 1

Quedlinburg Protestant 0.852 1.033 5

Noerdlingen Protestant 0.824 3.682 6

Ulm Protestant 0.824 4.289 16

Koeln Catholic 0.816 4.089 45

Magdeburg Protestant 0.804 0.749 18

Heidelberg Protestant 0.783 3.884 8

Muelheim An Der Ruhr Protestant 0.763 4.041 1

Duesseldorf Catholic 0.763 4.121 2

Krefeld Protestant 0.763 4.262 1

Braunschweig Protestant 0.726 1.529 18

Prenzlau Protestant 0.71 1.808 1

Augsburg Protestant 0.694 4.105 30

Gotha Protestant 0.691 1.683 3

Erfurt Catholic 0.689 1.510 19

Aachen Catholic 0.677 4.714 18

Muenster Catholic 0.676 3.451 10

Stralsund Protestant 0.675 2.741 11

Hanau Protestant 0.669 3.243 1

Frankfurt Am Main Protestant 0.669 3.408 12

Rostock Protestant 0.667 2.489 10

Schwerin Protestant 0.665 2.131 1

Linz Protestant 0.66 4.134 3

Soest Protestant 0.658 3.138 10

Hannover Protestant 0.649 2.075 6

Hildesheim Protestant 0.649 1.873 10

Dessau Protestant 0.635 0.288 2

Bremen Protestant 0.596 2.935 18

Emden Protestant 0.579 4.035 5

Muenchen Catholic 0.545 4.220 13

Luebeck Protestant 0.544 2.590 25

Nuernberg Protestant 0.539 2.907 38

Kassel Protestant 0.538 2.270 5

Bonn Catholic 0.538 4.066 1

Ansbach Protestant 0.53 3.214 1

Elberfeld Protestant 0.527 3.867 1

Barmen Protestant 0.527 3.807 1

Goerlitz Protestant 0.519 1.799 11

Goslar Protestant 0.496 1.532 12

Bautzen Protestant 0.454 1.477 5

Potsdam Protestant 0.417 0.657 1

Mainz Catholic 0.417 3.693 6

Dresden Protestant 0.416 1.177 5

Graz Catholic 0.414 5.664 5

Passau Catholic 0.409 3.694 4

Hamburg Protestant 0.393 2.592 15

Klagenfurt Catholic 0.384 5.941 1

Bamberg Catholic 0.38 2.528 7

Berlin Protestant 0.344 0.885 9

Bayreuth Protestant 0.339 2.257 2

Salzburg Catholic 0.326 4.416 7

Brandenburg Protestant 0.324 0.598 1

Trier Catholic 0.311 4.833 8

Freiberg Protestant 0.303 1.174 8

Lueneburg Protestant 0.277 2.169 1

Regensburg Catholic 0.247 3.190 22

Schwaz Catholic 0.052 5.080 17

Innsbruck Catholic 0.02 5.190 4
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Chapter 5

Trade, Technology Diffusion, and

Misallocation: Trade Partner

Matters

5.1. Introduction

Efficient resource allocation is crucial in utilizing available input factors and technology.

When prices reflect true costs or price distortions are uniform, efficient allocation is

achieved (Lerner (1934)). However, the link between costs and prices can be tilted due

to various factors such as distortionary taxes or limited access to finance which might

lead to inefficient use of resources. Recently, there has been an upsurge in the empirical

studies documenting the presence and extent of resource misallocation for developing

countries (Banerjee and Duflo (2005), Jeong and Townsend (2007), Alfaro et al. (2009),

and Hsieh and Klenow (2009)). Hsieh and Klenow (2009) report that there could be

large productivity gains, in the magnitude of 40-60 % in India and 30-50 % in China, if

allocative efficiency is hypothetically improved to the US level. Similarly, using firm level

data for 79 countries, Alfaro et al. (2009) find that incorporating allocative efficiency in

a neoclassical growth model improves the explained part of the cross country dispersion

in income per worker from 42 to 58 %. These substantial figures indicate the importance

of allocative efficiency in explaining the formerly unexplained part of the productivity

variation across countries.

An immediate query growing out of these observations relates international trade

and resource misallocation: How does the exchange of goods and ideas interact with

the allocative efficiency of trading countries? In this paper, we explicitly focus on this

issue and argue that the answer depends on the cross-sectoral variation of monopoly

power in autarky and the innovative capacity of the country. If the economy has limited
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capacity to generate excludable knowledge and is characterized by monopolies facing

little competitive pressure in autarky, international trade leads to resource misallocation

by affecting competitiveness of different sectors asymmetrically even though it gradu-

ally eliminates the absolute level of market power within each sector. This seemingly

special case is not only of theoretical interest but also accords well with the experience

of transition economies which were dominated by large establishments having consider-

able market power and very low levels of innovative activity before integrating the world

economy. Consistent with our argument, McMillan and Rodrik (2011b) document that

as a response to trade liberalization, East Asian countries gained more by being able

to reallocate resources towards more productive sectors whereas Latin American and

African countries experienced the opposite.

The mechanics behind this result can be summarized as follows: International trade

initiates exchange of goods and knowledge transfers among trading partners. The knowl-

edge transfers are unidirectional from more productive countries (North) to less produc-

tive ones (South) in the form of spillovers from which both the active southern firms

(incumbents) and their potential competitors (competitive fringe) can benefit.77 Tech-

nology diffusion decreases the relative productivity of the southern incumbents with re-

spect to their fringe over time due to faster catch up of initially less productive firms. As

a result, average productivity increases while sectoral productivity dispersion is declining

and competition is tougher once the economy moves into a period of trade liberalism.

The crucial elements which establish the link between international trade and misal-

location are the differences in initial productivity distributions and technology adoption

rates across sectors.78 In the presence of these differences, trade will have asymmetric

pro-competitive effects in the South and inflate markup dispersion. More competitive

sectors employ a larger share of the labor force for lower relative output prices; that is,

they will be sub-optimally large, and the markup dispersion will create resource misal-

location which keeps the laggard economy from its potential output, which is defined as

the after-trade output level with no markup dispersion.79 It should be apparent that the

77Knowledge transfers and technology diffusion are used interchangeably.
78While presence of only one factor is enough to create misallocation in the transition, long-run level

of allocative efficiency is determined by the cross-sectoral differences in technology adoption rates.
79There are two alternative ways of determining the potential output. First, we can compare the

before and after trade values of relative output. In this case, the resultant effect of trade liberalism

138



Introduction

mechanism described above predicts that productivity of the trade partner is operative

where openness due to trade with high productivity regions, rather than the average

openness, brings about pro-competitive effects and associated welfare losses.

Our work is related to different strands of literature. First, this paper is closely

related to the recent literature on resource misallocation and aims to provide a theoretical

explanation for the empirical evidence documented especially for developing economies

(Banerjee and Duflo (2005), Jeong and Townsend (2007) and Hsieh and Klenow (2009)).

There are two regularities which can be distilled from this body of empirical research:

To explain the observed deviations from an efficient firm size distribution (which is

assumed to be US firm size distribution), firm level distortions should be (1) positively

related to firm productivity and (2) negatively correlated with firm size (Restuccia and

Rogerson (2008), Hsieh and Klenow (2009) and Banerjee and Moll (2010)). In this

respect, we argue that markups are self-created distortions by firms’ profit-maximizing

behavior, which act as a wedge between marginal costs and prices. Trade creates markup

variation due to asymmetric pro-competitive effects across sectors and firms imposing

higher markups are observed to have higher revenue productivity while being smaller

in size due to higher prices and lower demand for their output. As a result, our model

provides a rationale for the positive (negative) relationship between firm level distortions

and marginal revenue productivity (size).

The prominent theoretical explanation in this literature is the imperfections in finan-

cial markets. Buera et al. (2011a) report that “a factor-of-two difference in income levels,

or almost 80 % of the difference in per-capita income between Mexico and US” can be

explained by the differences in financial development. Banerjee and Moll (2010) propose

that credit constraints together with a convex-concave production function give rise to

misallocation but creating misallocation as a steady-state phenomenon is left as an open

on the international distribution of wealth is not trivial and determined by the net effect of positive

productivity gains and negative allocational effects of higher markup variation. Second, we can define

the potential output which is achieved by the laggard economy when there is no markup variation under

free trade and evaluate the effects of international trade and markup heterogeneity with respect to this

reference. In either case, there is room for intervention and the adverse effects of resource misallocation

can be - at least partly- eliminated by careful trade and competition policies. We follow the second

alternative and compare the after-trade outcomes with and without markup variation since long-run

productivity gains from trade are likely to dominate the losses due to misallocation.
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question to be answered. Clearly, impediments against resource reallocation may cause

misuse of available factors and indeed these frictions are shown to be empirically impor-

tant. One of our contributions is to show that even when there are no frictions against

resource flow; misallocation may emerge due to pro-competitive effects of international

trade, heterogeneity in productivity distributions, and technology adoption rates across

sectors. Furthermore, our framework generates misallocation in the steady-state due to

cross-sectoral variation in technology adoption rates across sectors.

Being close to our argument, Epifani and Gancia (2011) contribute to the discussion

by stating that there can be pro-competitive welfare losses associated with increased

markup heterogeneity where the distortion is mainly created due to asymmetric expo-

sure to foreign competition. As a result, they use the second moment of the openness

distribution to explain the sectoral differences in profitability. Complementary to their

argument, we emphasize that productivity distribution is heterogeneous across sectors

and thereby there are natural differences across sectors in the way which they react

to market integration. Hence, even under complete liberalization, asymmetric effects

emerge due to these sectoral differences. Furthermore, we propose a specific mechanism

-technology diffusion- through which international trade affects the competition in the

laggard economies and provide novel predictions which call for the average openness into

the analysis, but this time in a specific manner. Namely, we predict that the productivity

gap between trade partners is an important ingredient of the analysis and trading more

with more productive regions may create misallocation for relatively backward economies.

We also present robust empirical results in support of our model predictions.80

Second, this paper aims to contribute to the understanding of cross-country conver-

gence and international trade literature. We aim to provide useful insight on two main

questions of this line of research: How does the technological progress in developed coun-

tries affect the productivity in the least developed countries where there is no or limited

innovative activity? Does exposure to trade change the observed patterns in income dif-

ferentials? Several papers (among others Young (1991), Grossman and Helpman (1991),

80A recent and contemporaneous line of literature focuses on the changes in allocative efficiency

due to the pro-competitive effects of international trade (Edmond et al. (2012), Holmes et al. (2014),

Ossa (2012) and Campolmi et al. (2014)). However, none of these models focuses on the empirical

regularity that developing countries exhibit systematically different responses to trade exposure in terms

of allocative efficiency compared to developed countries, which is the main purpose of this paper.
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Van de Klundert and Smulders (1996), Coe et al. (1997), Acemoglu and Zilibotti (2001))

have discussed different mechanisms which may foster or prevent cross-country conver-

gence. Apparently, the changes in allocative efficiency introduced by international trade

have not been investigated explicitly. In this respect, we propose that observed levels

of convergence in real income might understate the convergence in physical productivity

levels due to trade induced misallocation. This argument can be helpful in understanding

the lack of convergence experienced by transition economies.

Another line of related research is on the incapability of CES utility functions to create

pro-competitive effects of international trade since the markups are constant over time.

Behrens and Murata (2007) show the importance of using CARA (Constant Absolute

Risk Aversion) utility functions to generate variable markups. Among others, Melitz

and Ottaviano (2008) use a special case of this type of utility functions to model the

pro-competitive effects of international trade. Remarkably, our model generates pro-

competitive effects of trade with CES utility as a consequence of the interaction between

trade and sectoral heterogeneity in productivity distribution. Briefly, considering supply

side heterogeneity yields an intuitive relationship between trade and markup distribution

even when we abstract from the demand side arguments. The remainder of the paper

is organized as follows. In Section 5.2, the model is presented and the effects of trade

on markup dispersion and relative output are discussed. In Section 5.3, the data are

introduced and model predictions are empirically tested. Section 5.4 concludes.

5.2. Theoretical Framework

5.2.1. Model Setup

We study a two country North-South model with fully integrated goods markets and

no international factor mobility. There is a continuum of differentiated goods whose

measure is normalized to 1 in each country. The southern (northern) goods are indexed

by i, i ∈ [0, 1] (j, j ∈ [0, 1]). The elasticity of substitution (ε > 1) is constant among

domestic and foreign goods.81 The individuals’ utility function is of the familiar CES

81We use domestic (foreign) country and the South (North) interchangeably.
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form82

U = C ≡
(∫ 1

0

c
ε−1
ε

i di+

∫ 1

0

c
ε−1
ε

j dj

) ε
ε−1

, (5.1)

where ci is consumption of good i. Consumers maximize their utility (4.1) with respect

to the following budget constraint∫ 1

0

cipi di+

∫ 1

0

cjpj dj = I, (5.2)

where pi is the price of the domestic good i and I denotes the income. Given these

conditions, domestic demand for the ith good will be

ci = C
(pi
P

)−ε
, (5.3)

where P is the domestic price index. Similarly foreign demand for the domestic good i

is given by

c̄i = C̄
(pi
P̄

)−ε
. (5.4)

where bars denote the foreign counterparts. Finally, total domestic and foreign spending

are given as follows

CP =

∫ 1

0

cipi di+

∫ 1

0

cjpj dj, (5.5)

C̄P̄ =

∫ 1

0

c̄ipi di+

∫ 1

0

c̄jpj dj. (5.6)

The domestic and foreign price indices are equal (P = P̄ ) since the markets are fully

integrated, transportation is costless and there is no pricing to market. The price index

will be our numéraire and is equal to 1. Hence, all variables are in real terms.

Firm Behavior and Productivity

Southern (Northern) firm i (j) uses a production technology with constant returns to

the only mobile resource labor with productivity hi, i ∈ [0, 1] (hj, j ∈ [0, 1]). Then, the

output of firm i is given by

xi = hili ∀i ∈ [0, 1]. (5.7)

82All variables are functions of time. Time indices are dropped for ease of notation.
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It is assumed that incumbent firms have the same productivity within each region while

the North has a higher aggregate productivity (
∫ 1

0
hidi = hi = H < H̄ = hj =

∫ 1

0
hjdj).

83

For each southern sector i ∈ [0, 1], there is a competitive fringe which can produce the

same good with a lower productivity (hfi < hi) hence at a higher marginal cost. In

addition, fringe productivities are allowed to be different across sectors to model the

cross-sectoral variation in productivity distributions. Firms within a sector engage in

Bertrand competition and incumbent i sets its price pi given its marginal cost w
hi

, the

demand schedules (5.3) and (5.4) and the fringe productivity in order to maximize the

present value of its cash flow stream, where w is the domestic wage rate. The price of

good i is equal to a constant markup (ε/(ε− 1)) times the marginal cost as long as the

fringe is not able to break even at this price. Otherwise, the incumbent cuts down its

price and equates it to the marginal cost of the fringe to prevent entry and make positive

profits. Briefly,

pi =

{
hi
hfi

w
hi

if hi
hfi
≤ ε

ε−1

ε
ε−1

w
hi

otherwise
(5.8)

Northern incumbents always set the monopoly price since they are assumed to be able

to innovate to escape from competition:

pj =
ε

ε− 1

w̄

hj
∀j ∈ [0, 1]. (5.9)

Productivity Growth: Technology Diffusion

A northern firm invests in R&D and has a constant positive productivity growth (ĥj =

g ∀j ∈ [0, 1]) which is assumed to be exogenous. When the markets are integrated, the

South experiences productivity gains in the form of technological knowledge spillovers.

In the absence of these spillovers, the South is assumed to have constant productivity.

Hence, the innovative activity of southern firms is assumed to be of negligible magnitude

which causes their productivity growth to be dependent on the aggregate productivity

stock of the trade partner. This mechanism is reflected in the law of motion of the labor

83Symmetry of incumbent productivity is a simplifying assumption to make the exposition clearer and

not crucial for any of the qualitative results. It is used to crystallize that price heterogeneity within a

country, if exists, is not justified by the productivity differences of operating firms. The general solution

without incumbent symmetry is available upon request from the author.
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productivity for southern firms as follows

ḣi = γ1(H̄/hi)
δhθi , δ, θ, γ1 > 0 ∀i ∈ [0, 1], (5.10)

ḣfi = γfi (H̄/hfi )
δ(hfi )

θ , δ, θ, γfi > 0 ∀i ∈ [0, 1], (5.11)

where the dot indicates the time derivative.84 The spillover equations (5.10) and (5.11)

imply that the change in the productivity of the southern firms is increasing in the pro-

ductivity gap ( H̄
hi

) and outside sector productivity stock is also effective on the subsequent

productivity growth since the frontier is determined by the aggregate foreign productivity

(H̄). This formulation is based on the empirical evidence on knowledge spillovers which

we will present in Section 5.2.3. To find the evolution of relative incumbent productivity

we define mi(t) ≡ hi(t)

hfi (t)
and solve it for the endogenous growth case θ = 1 (see Section

5.5.1).

mi(t) =

 γ1
ĥj

+
(
gi(0)− γ1

ĥj

)
e−δĥjt

γfi
ĥj

+
(
fi(0)− γfi

ĥj

)
e−δĥjt

1/δ

∀i ∈ [0, 1], (5.12)

where

gi(t) =
hi(t)

hj(t)
, fi(t) =

hfi (t)

hj(t)
, mi(0) ≥ ε

(ε− 1)
∀i ∈ [0, 1] (5.13)

and

lim
t→∞

mi(t) = (
γ1

γfi
)1/δ ∀i ∈ [0, 1]. (5.14)

To avoid higher fringe productivity at the steady state, it is assumed that 1 < (γ1/γ
f
i )

1/δ
<

ε/(ε − 1) ≤ mi(0), ∀i ∈ [0, 1]. In this case, relative incumbent productivity monotoni-

cally decreases over time and converges to its long-run value from above. One key point

about equation (5.14) is that the sectors, where the foreign knowledge can be easily

84Our formulation assumes that trade is a binary variable and trade volume has no effect on the

intensity of technology diffusion. This is a simplifying assumption to make the exposition clearer.

The positive relationship between knowledge transfers and trade volume can be easily included in our

specification by defining δ as an increasing function of the trade openness, which is defined for positive

trade levels, without changing any of the qualitative results of our model. Such a function should take

positive values to be consistent with productivity convergence and bounded from above to rule out the

possibility of instantaneous catch up with the frontier. In the empirical part, we follow the standard

route in the empirical literature and use continuous openness measures based on trade volume.
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replicated and implemented will be more competitive in the long run. This observation

is pertinent to predict which sectoral characteristics influence the economy wide varia-

tion in trade induced price distortions. Moreover, it is apparent that your trade partner

matters : the initial productivity level of the trade partner is important in determining

how large the pro-competitive effects will be, especially in the short run:

∂mi(t)

∂hj(0)
< 0 , lim

t→∞

∂mi(t)

∂hj(0)
= 0 ∀i ∈ [0, 1], (5.15)

since mi(0) > ( γ1
γfi

)δ (see 5.5.1). A larger productivity gap results in stronger spillovers

and a faster catch up for the competitive fringe. Ceteris paribus, the downward pressure

on markups is more pronounced when the trade partner is more productive.

5.2.2. Model Solution

Goods markets and labor market clearing conditions, and balanced trade will deter-

mine the prices and wages simultaneously given the initial productivity distributions

and spillover equations. Labor market clearing implies∫ 1

0

lidi = L. (5.16)

Under balanced trade, the value of southern imports is equal to the exports. Hence,∫ 1

0

cjpjdj =

∫ 1

0

c̄ipidi. (5.17)

The initial productivity gap between the incumbent and its fringe is sufficiently large;

hence all incumbents are able to set monopoly prices in autarky. Since the relative incum-

bent productivity is monotonically decreasing over time, firm i switches from monopoly

pricing to limit pricing at a particular point in finite time. We define a non-decreasing

function G(t) which captures the fraction of firms which switched to limit pricing up to

time t, with the following properties:

lim
t→∞

G(t) ≤ 1 , G(0) = 0 ,
∂G(t)

∂t
≥ 0. (5.18)

In this case, at time t, 100G(t) percent of the firms will use limit pricing and their prices

will be different due to heterogeneous productivity distributions across sectors. On the

other hand, 100(1 − G(t)) percent of the firms will use monopoly pricing. Given the

symmetry among incumbents, the same prices are observed if the fringe productivity is
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not binding, whereas prices are lower and heterogeneous otherwise. Using the balanced

budget condition, goods and labor market clearing, we find relative wage, w∗ ≡ w/w̄, of

southern workers as85

w∗ =

(
H

H̄

) ε−1
ε

[∫ G(t)

0

(
hi

hfi

ε− 1

ε

)−ε
di+ (1−G(t))

]1/ε

(5.19)

with ( hi
hfi

ε−1
ε

)−ε > 1 for the firms whose fringe productivities are binding. So, the in-

tegral on right hand side is greater than G(t) and the expression in square brackets is

larger than 1. Equation (5.19) shows that higher competition induced by international

trade unambiguously increases relative wages. To link this relationship formally to the

moments of the markup distribution, let m̃i(t) represent the observed markup relative

to monopoly markups:

m̃i(t) =

{
1 if i ∈ (G(t),1]

mi(t)
ε−1
ε

if i ∈ [0,G(t)]
(5.20)

Then, (5.19) can be written in terms of the observed markup levels:

w∗(t) =

(
H

H̄

) ε−1
ε
[∫ 1

0

(m̃i(t))
−ε di

]1/ε

(5.21)

Equation (5.21) reveals that relative wage of the southern workers is inversely related

to average markup level since the second term on the right hand side is homogenous of

degree -1. As a result, higher competition leads to higher relative wages for southern

workers. Does the increase in relative wages also translate into an increase in the relative

consumption? The answer is not trivial due to allocational effects of markup heterogene-

ity. Hence, labor allocation should be characterized. The relative demand of incumbent

k whose fringe is binding with respect to incumbent m setting monopoly prices will be

ck + c̄k
cm + c̄m

=

(
pk
pm

)−ε
=

(
hk

hfk

ε− 1

ε

)−ε
=

hklk
hmlm

=
lk
lm

; k ∈ [0, G(t)] , m ∈ (G(t), 1],

(5.22)

where the last two equalities follow from goods market equilibrium and the symmetry

among incumbent productivity. Although it is assumed that all active firms in the South

are equally productive, international trade reveals underlying institutional or technolog-

ical differences among southern sectors and there is continuous reallocation of labor, as

85General equilibrium solution is presented explicitly in Section 5.5.2.
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apparent from (5.22). In order to evaluate the resultant effect of the increase in relative

wages and change in the market structure across sectors, we solve for the labor allocated

to each firm using the labor market clearing condition. A firm whose fringe productivity

is binding employs

lk =

(
hk

hfk

ε− 1

ε

)−ε
L∫ G(t)

0

(
hi
hfi

ε−1
ε

)−ε
di+ (1−G(t))

, ∀k ∈ [0, G(t)] (5.23)

= (m̃k(t))
−ε L∫ 1

0
m̃i(t)−εdi

, ∀k ∈ [0, G(t)], (5.24)

while other firms employ

lm =
L∫ 1

0
m̃i(t)−εdi

, ∀m ∈ (G(t), 1]. (5.25)

Inspection of (5.24) and (5.25) shows that lk > lm. Therefore, southern firms with lower

profitability are larger relative to more profitable firms. Using (5.19), (5.24), (5.25) and

dividing (5.5) by (5.6), relative consumption of the domestic economy is given by

C

C̄
=

(
H

H̄

) ε−1
ε

∫ G(t)

0
( hi
hfi

ε−1
ε

)1−εdi+ (1−G(t))(∫ G(t)

0
( hi
hfi

ε−1
ε

)−εdi+ (1−G(t))
)(ε−1)/ε

(5.26)

=

(
H

H̄

) ε−1
ε

∫ 1

0
(m̃i(t))

1−εdi(∫ 1

0
(m̃i(t))−εdi

)(ε−1)/ε
. (5.27)

Equation (5.27) summarizes the effects of trade and markup dispersion on relative output

of the South. The last term on the right hand side makes it clear that markup distri-

bution has a first order effect on the relative output. A formal interpretation requires a

definition of the efficient benchmark according to which the current state of the economy

is compared to.

Definition 5.1. The potential output of the South is the maximum relative output level

given the relative labor productivity:

C

C̄
=

(
H

H̄

) ε−1
ε

. (5.28)

Proposition 5.1. When markup variation is positive, the relative output of the laggard

economy is lower than its potential value:∫ 1

0
(m̃i(t))

1−εdi(∫ 1

0
(m̃i(t))−εdi

)(ε−1)/ε
< 1
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Proof. We define zi(t) ≡ m̃i(t)
1−ε. Then the numerator and the denominator are gener-

alized means with exponents 1 and ε
ε−1

, respectively:

C

C̄
=

(
H

H̄

) ε−1
ε

∫ 1

0
(m̃i(t))

1−εdi(∫ 1

0
(m̃i(t))−εdi

)(ε−1)/ε
(5.29)

=

(
H

H̄

) ε−1
ε

 ∫ 1

0
zi(t)di(∫ 1

0
zi(t)

ε
ε−1 di

) ε−1
ε

 (5.30)

For ε > 1, ε
ε−1

> 1. By Lyapunov’s inequality, a generalized mean is increasing in the

exponent unless there is no variation in zi(t). Hence the multiplier is strictly smaller

than 1 and the relative output is smaller than the potential value when the variance of

the observed markups is positive.

Unless markups are equalized, firm level price distortions will be different across

southern sectors and the ones with lower profitability and marginal revenue productivity

will employ more labor. Hence, market allocation results in a lower output level than the

best possible case, which we interpret as misallocation. The multiplier of the potential

value in (5.29) measures how far the domestic economy is away from its potential value.

Hence, we can define the degree of misallocation -M(t)- by making use of this multiplier

as follows:

M(t) = 1−

 ∫ 1

0
zi(t)di(∫ 1

0
zi(t)

ε
ε−1 di

) ε−1
ε

 (5.31)

Besides having level effects, misallocation induced by international trade has also growth

effects. If we log-linearize (5.29) and use (5.31), we find that Ĉ− ˆ̄C = ( ε−1
ε

)(Ĥ− ˆ̄H)−Ṁ(t)

for 1−M(t) ≈ 1. Hence, the difference in the observed growth rates of the frontier and

laggard economies might understate the convergence in physical labor productivity due

to trade induced misallocation and we may observe a divergent pattern unless productiv-

ity gains dominate allocational losses. Using equation (5.31), it is theoretically possible

to quantify misallocation once we have a valid measure for the elasticity of substitu-

tion. However, one should propose an empirically sound measure for the elasticity of

substitution among all commodities produced in a country to empirically analyze the

determinants of misallocation. Finding the empirical counterpart of such a variable re-

quires elaborate solution of obvious conceptual problems. Proposition 5.2 provides a

useful way to deal with this issue for our purposes:
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Proposition 5.2. A mean-preserving spread on the observed markups; that is, increasing

the variation of observed markup distribution while keeping its mean unchanged increases

resource misallocation at the country level.

Proof. See 5.5.3.

Proposition 5.2 links the observed markup variation and country level resource mis-

allocation. It provides an intuitive way of quantifying misallocation by using a non-

parametric estimate of observed markup variation. We will use this result while con-

ducting the empirical tests of our model implications. Namely, we analyze the effects of

trade openness and the productivity of trade partners on resource misallocation using

the standard deviation of markups as a proxy for resource misallocation.

5.2.3. Remarks and Discussion

Before presenting the empirical tests of the model predictions, we will discuss the validity

of the spillover mechanism employed to model knowledge transfers among trade part-

ners, since it is of particular importance for the theoretical consequences of our model.

First, it is argued that the followers in terms of productivity can benefit from the knowl-

edge stock of leader firms in the form of technological knowledge spillovers when they

operate in integrated markets. There is voluminous empirical work on the relationship

between international trade and productivity growth (e.g., Coe and Helpman (1995),

Coe et al. (1997), Keller (2002) and Lumenga-Neso et al. (2005)). Although there have

been skeptical concerns about positive effects of international trade on productivity (e.g.,

Keller (2000)), Madsen (2007) shows that when a larger time span relative to the exist-

ing studies is used, imports of knowledge constitute 93 percent of the increase in TFP

over the period 1870 to 2004 for OECD countries. Second, the strength of spillovers

is assumed to be an increasing function of the productivity gap - labor productivity of

the leader relative to the follower - between the trading partners (e.g., Griffith et al.

(2004), Salomon and Jin (2008)). Third, the productivity gap which is relevant for in-

ternational spillovers is defined using aggregate productivity of the trade partner, hence

it is argued that both within sector and outside the sector foreign knowledge stock can

contribute to technology diffusion (see, Keller (2002)). Finally, we assume away other

factors which may affect the ability to make use of knowledge spillovers such as firms’
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own R&D intensity. This modeling choice is not as restrictive as it first seems. The

R&D expenditure is only relevant for our purposes if its intensity differs between the

incumbent and the fringe. Even in this case, if this difference is explained by the initial

differences in productivity or can be captured by a time-invariant multiplicative factor,

our formulation is still valid. Also, we allow for differences in the steady-state relative

incumbent productivity ( γ1
γfi

) across sectors in a general manner. Hence, we account for

the possibility that the effects of spillovers may have differential effects on competitive

conduct across sectors, be it dependent on the differences in R&D intensity, institutional

setting or nature of the production process.

5.3. Empirical Analysis

In the empirical part, we test the main prediction of the model regarding the impact of

international trade on markup variation, present evidence that predicted relationship is

present in the data and show that changes in the productivity distribution as a reaction

to trade with more productive trade partners are consistent with the mechanism we sug-

gested. The model predicts that trading with more productive regions increases resource

misallocation, which is proxied by economy wide markup variation, for less productive

countries. Hence, it is expected that trading more with high productivity regions as a

share of GDP has a positive effect on country level markup variation for relatively less

productive economies and a less positive, if significant, effect for relatively more produc-

tive economies since they are on average closer to the frontier. Regarding the relevance

of the knowledge transfers, it is tested whether trading more with more productive re-

gions increases average productivity while decreasing the productivity gap at the sectoral

level. For empirical purposes, the last prediction is generalized to cases where there are

more than two firms within a sector and as a result productivity dispersion within 4-digit

sectors is used instead of the productivity gap. To be able to test these predictions, we

need three sets of data: (1) firm level markups or profit margins and productivity vari-

ables, (2) bilateral trade data at the country level to decompose openness with respect

to the productivity of the trade partner and (3) country level macroeconomic indicators

to control for other determinants of misallocation and productivity distribution which
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can bias the estimates if omitted.

5.3.1. Firm Level Profitability and Productivity

Bureau van Dijk provides detailed firm level financial data (AMADEUS dataset) for a

large set of European firms including the ones in relatively less productive countries such

as transition economies. Our sample consists of 2.039.139 observations for 351.570 large

scale European firms from 1992 to 2007 for which profit margins are available. Small

or medium scale firms in less productive countries are systematically underrepresented

in the AMADEUS dataset. To mitigate possible biases which can be introduced due

to this issue, only large scale firms are considered. We also exclude 2008 and 2009 for

which the data are available since there are abrupt changes in the trade patterns due

to recent economic downturn.86 In this dataset, profit margins are computed from the

balance sheet entries of firms by computing the before tax profits relative to turnover.

We computed the standard deviation of the profit margins (sdprma) for each country

and year;87 then constructed a panel and only take the countries for which profit margin

is available for at least 50 firms.88 We end up with 307 observations for 32 countries.89

5.3.2. Trade Data and Macroeconomic Indicators

The macroeconomic indicators and merchandise trade data are taken from UPenn World

Tables 7.0 and UN Comtrade, respectively. Import and export values are compiled by

aggregating trade partners at the regional level. North America (US and Canada),

86A financial year starts from the 1st of July and lasts until the 30th of June of the next year.

Conventional calendar year is not used since many firms report financial reports after the 1st of January.

Alternative choices are not effective on the results presented here.
87Apart from the variation of profit margins, mean profit margin (meanprma), mean turnover per

employee (meantpe) and mean capital per employee variables (meancpe) are created as relevant variables

for the empirical analysis
88The results are robust to the choice of this threshold. Table 5.8 in Section 5.5.4 replicates the

baseline estimations considering countries for which profit margin data is available for more than 200

large firms.
89While AMADEUS is the only dataset on profit margins with a satisfactory coverage across countries,

we should note that profit margins are generally recorded with a significant degree of error in accounting

data. Furthermore the coverage of AMADEUS dataset changes across countries, which can be controlled

by country fixed effects to a limited extent. These issues should be kept in mind while assessing the

results
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Japan and Western Europe are defined as the high productivity region. Alcalá and

Ciccone (2004) show that using nominal GDP to evaluate the relative importance of

trade with respect to overall economic activity can be misleading in the presence of

non-tradables. A decrease in the relative prices of tradables followed by an expansion in

trade openness results in an underestimated openness level when the standard nominal

openness measures are used. Furthermore, less productive countries have virtually higher

levels of openness due to their lower relative price of non-tradables. Hence, they propose

real openness, which is the sum of imports and exports relative to purchasing power

parity (PPP) GDP, as a better measure of trade exposure. We use their insight and

construct the variable of interest (highshare) by dividing the sum of imports and exports

with the high productivity region by PPP GDP. Total real openness (openr) including

also service trade is constructed by multiplying nominal openness in constant prices by

the price level (GDP in exchange rate US$ relative to GDP in PPP US$, which is also

the real exchange rate) in UPenn World Table 7.0.

5.3.3. Specifications and Results

Trade and Misallocation

The objective is to test whether higher share of trade with more productive trade partners

increases economy wide markup variation only for less productive countries. For this

purpose, we estimate reduced-form models relating markup variation (sdprma) to trade

openness (openr) and share of openness with high productivity region (highshare) for

countries which are above and below the median of PPP adjusted GDP per capita,

separately.9091 Using PPP adjusted GDP per capita as a proxy for labor productivity,

we expect a higher positive impact of highshare on variation of the profit margins for

90The threshold is the median PPP adjusted per capita GDP in 2006 in 2005 US$. To prevent tran-

sitions from one group to the other, sample average income is computed for all countries and the ones

having a mean income level lower than the threshold are labeled as below median income countries.

Below median income countries are Belarus, Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus, Czech

Republic, Greece, Hungary, Lithuania, Macedonia, Montenegro, Poland, Romania, Russia, Serbia, Slo-

vakia, Slovenia and Ukraine. Above median income countries are Austria, Denmark, France, Germany,

Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Spain, Sweden, Switzerland, United King-

dom.
91This grouping of European countries is also consistent with the emphasis on limited R&D intensity

of southern economies in the theoretical part. In 2007, the per inhabitant R&D expenditure of the
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below median income countries.92 In these estimations, we control for mean profit margin

(meanprma), labor productivity (meantpe), real and nominal exchange rates (p and

xrat), share of government consumption in PPP GDP (cg), capital-labor ratio and a set

of country and year fixed effects. The inclusion of the average markup is not to interpret

the statistical or economic significance of this variable but to capture the variation in

the second moment of the profit margins trivially driven by the changes in the first

moment.93 Real exchange rate is added to control for cross-country differences in the

relative price of non-tradable goods on markup variation. Proxies for labor productivity

(mean turnover per employee) and capital-labor ratio (capital per employee) are added to

our specifications since labor productivity and capital intensity are plausibly correlated

with trade openness and variation in profit margins which might bias the estimates if

omitted. Share of government consumption in PPP GDP (cg) is controlled for to capture

the cross-country variation in profitability driven by the differences in government size.

Country and year dummies are also included to control for country specific effects and

the common shocks across countries, respectively. Namely we estimate different variants

of the following fixed effects (FE) model for below and above median income countries

separately:

σpit = β0 + β1µ
p
it + β2Ropenit + β3highshareit + γX it + αi + αt + εit (5.32)

where σp is the standard deviation of profit margins, µp is the average profit margin,

Ropen denotes the real openness, highshare is the real openness due to trade with high-

productivity countries, X includes other (possibly) time-varying country characteristics

business enterprise sector in below median income countries ranges from 2.5 Euros (Bulgaria) to 29.3

Euros (Czech Republic) whereas it ranges from 67.8 Euros (Italy) to 253.5 Euros (Germany) for above

median income countries. The only exception in our sample is Slovenia with a spending of 105.4 Euros

per inhabitant on R&D while being below the median income level.
92Considering our aim to measure the economy wide markup variation, there can be doubt that the

number of firms is not enough to capture the second moment of the profit margin distribution for some

country-year pairs. The median numbers of firms which are considered in our analysis are 1431 and

2721 per year, for below and above median income countries, respectively.
93All specifications are estimated also without the first moment of the markup distribution. The

results are similar, which is not surprising considering the insignificance of this variable in benchmark

estimations. The results are not reported here and given in Table 5.6 in Section 5.5.4.
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controlled in the regression and ε is a random disturbance term which is uncorrelated

with all explanatory variables but allowed to exhibit arbitrary heteroscedasticity and

serial correlation within countries. Finally i and t denote country and year, respectively.

Our prediction is that the effect of trade with high-productivity regions has a positive

effect on economy-wide variation in profit margins, i.e. β3 > 0, and only for low-income

countries.

Table 5.1 presents the results for fixed effects panel estimations, for below and above

median income countries in the first and the second column, respectively. It is seen that

the joint effect of trade openness is insignificant at sample averages for both groups of

countries. On the other hand, redirecting trade from low productivity regions to high

productivity ones keeping total openness constant increases economy wide variation of

profit margins only for below median income countries, which is inline with the model

predictions. Labor productivity and capital intensity are both negatively associated with

markup variation for below median income countries, which emphasizes the importance

of human and physical capital in improving economy wide allocative efficiency for less

developed economies. 94

We test the robustness of the observed relationship between trade composition and

misallocation to different model specifications by adding the explanatory variables se-

quentially.95 Then, the same models are estimated for different time periods by sequen-

tially eliminating the initial year in the sample to check whether the observed relationship

is sensitive to the choice of time span.96 Another issue about our benchmark results is

94We should note that in the model, we impose enough structure which can isolate the effects of trade

with high-productive countries on inter-sectoral allocative efficiency by preventing firm entry thorugh

strategic pricing decisions of the incumbent firms. Nevertheless, the left-hand side variable used in

the analysis incorporates also within industry variation in profit margins. Given the results in the

literature on declining intra-industry markup variation due to trade, this approach should yield a lower

bound on the positive effects of trade on inter-sectoral markup variation. In principle, it is possible to

investigate the effects of trade with high-productivity regions on markup variation at the sectoral level

by controlling for country-industry fixed effects. Nevertheless, given the limitations on the coverage of

AMADEUS dataset for developing countries, the number of firms and variation within industries are not

large enough to control for country-industry fixed effects to reach meaningful estimates on the variation

in profit margins within industries.
95We only report the sequential estimations for below median income countries for the sake of brevity.

highshare remains to be non-positive in all specifications for above median income countries.
96The results are similar until we end up with 2000-2007 sample. After this point, they become weaker
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that cross country differences in markup dispersion can be driven by the differences in the

degree and/or pattern of specialization across countries. As an example, it can be argued

that a more diversified economy should exhibit higher markup dispersion due to differ-

ent entry costs across industries or an agriculturally oriented economy will exhibit lower

levels of markup dispersion due to the relative uniformity of technology inputs across

establishments in that sector. We check this possibility by controlling for the share of

2-digit industries such as finance, agriculture, construction, retail trade, protech (pro-

fessional, scientific, and technical services), administration (administrative and support

and waste management and remediation services), and health care in all observations for

each country-year pair. Preliminary analysis shows that only the shares of agriculture,

protech and health care appear to be significant. Hence, we omit the remaining sectors

from our estimations not to lose identifying variation. We also instrument our variable of

interest (highshare) for possible endogeneity and measurement issues using its first lead

and the consumption share of GDP. The consumption share of GDP is expected to be

positively related to demand for higher quality foreign products and it is expected that

there is a correlation between highshare and its first lead. To our knowledge there is no

theoretical argument which defines causality from markup variation to the consumption

share of GDP. However, the theories on selection into export markets predict that condi-

tional on average productivity, higher variation in productivity leads to a better export

performance. If the entry costs are higher in countries with high productivity or GDP

per capita and if markup variation is correlated with the variation in productivity, then

our left hand side variable is correlated with first lead of highshare and there is an issue

of reverse causation. Nevertheless, there might not be an issue in our sample of large

firms. Since our sample only consists of only large firms whose firm values are plausi-

bly above any fixed cost of entry and whose export status are constrained probably by

other factors such as information on foreign markets or necessary managerial skills which

can be compatible with very high productivity levels or profit margins in the domestic

market. If fixed entry costs are not binding for the firms in our sample then markup

variation will not be correlated with exports to the high-income markets conditional on

average productivity which we control for in our analysis. The formal tests approve the

in terms of statistical significance due to smaller sample size. We do not report them to save space and

they are available upon request.
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relevance and validity of the instruments. Under-identification is rejected for all specifi-

cations at 1 percent97 The first stage F-statistic is 17.28 with a partial R2 of 0.347 and

overidentification test yields a J-statistic of 0.492 with a P-value of 0.483 for the least

extended specification where the average markup, openr, country and year fixed effects

are controlled for. The kurtosis of sdprma is 5.59. This implies a rather mild effect of

outliers on the estimates. Nevertheless, we address the issue of outliers explicitly and

estimate all specifications by using robust regression (RR), which downweights the ob-

servations with larger residuals in an iterative manner (see Rousseeuw et al. (1987) for

a general description of this method).98

Table 5.2 presents the results for below median income countries. The first seven

columns are the estimates of FE panel models, the eighth column depicts the IV estima-

tion results and the last column presents the RR estimates for the extended specifica-

tion.99. The main message of the results in Table 5.2 and the following robustness checks

is that trade with more productive regions has a positive and significant effect on markup

variation only for less productive economies and this result is not driven by model spec-

ification, measurement errors, endogenous variation, industry composition or outliers in

different forms and is robust to the choice of time span. Besides being significant, the

influence of highshare on markup variation is quantitatively important. Using the figures

in Table 5.2, it is found that one standard deviation increase in highshare leads to an

increase of 0.30 to 1.32 standard deviations in markup variation for the period of 1992 to

2007. With such a large effect on the markup variation, highshare is the most influential

factor among the determinants of resource misallocation.

97In the most extended specification where we control also for industry composition, under-

identification is rejected at 1.2 percent.
98The estimator used is readily implemented (rreg command) in Stata. It is robust to outliers in the

dependent variable and to bad leverage points. However, the estimates can be distorted when there are

clusters of outliers (Rousseeuw and Van Zomeren (1990)). To control for this possibility, we use a second

estimator (recently implemented by Verardi and Croux (2009)) which is robust even to the existence of

outlier clusters. The results are similar and given in Table 5.9 in 5.5.4.
99We replicate all estimations by instrumenting highshare and the results are in line with baseline

findings. They are reported in Table 5.7 in 5.5.4
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Table 5.1: Variation in Profit Margins and Trade

Below Median Above Median

Av. profit margin -0.193 0.342

(0.135) (0.273)

Real openness -0.0813 0.0850∗

(0.0580) (0.0418)

highshare 0.163∗∗ -0.174∗∗

(0.0752) (0.0758)

Real exchange rate 0.0421 -0.0622

(0.0492) (0.119)

Turnover/Employee -55.80∗∗∗ 33.11

(13.56) (26.50)

Capital/Employee -0.0809∗∗ 0.439

(0.0287) (0.300)

Nom. exchange rate -0.0576∗∗∗ -0.243∗∗∗

(0.0170) (0.0578)

Gov. consumption share -0.0333 -0.0637

(0.242) (1.131)

Observations 137 143

R2 0.382 0.499

Robust standard errors clustered at the country level are in paren-

theses.Dependent variable is the standard deviation of profit mar-

gins. Year and country fixed effects are included. Median income

is 23412.07 US Dollars (base year 2005). ∗ p < 0.10, ∗∗ p < 0.05,

∗∗∗ p < 0.01
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Empirical Analysis

Technology diffusion

In this part, we test whether trade with more productive regions contributes to the mean

labor productivity while decreasing the productivity gap among incumbents operating

in a given sector. For this purpose, we estimate models relating the mean and the stan-

dard deviation of labor productivity at the sectoral level for 4-digit sectors (meantpeS,

sdtpeS) to the openness variables (openr, highshare), real and nominal exchange rates

(p,xrat), sectoral and country level capital-labor ratios (meancpeS,meancpe) controlling

for year, sector, country fixed effects and industry specific trends. When the outcome

variable is sdtpeS, meantpeS is controlled for to capture the mechanical variation between

the first and the second moment of the sectoral productivity distributions. Preliminary

analysis shows that the distributions of meantpeS and sdtpeS are heavy-tailed and quite

prone to outliers with substantial kurtoses of 2216.04 and 424.98 for below median coun-

tries, respectively. In such cases, ordinary least square methods yield strongly distorted

estimates. For that reason, the models are estimated using robust regression method.100

Table 5.3 and 5.4 present the estimation results which support the relationship between

trade composition and sectoral productivity distribution predicted by the model. Trade

with more productive regions is positively related to average sectoral productivity and

negatively associated to the sectoral productivity distribution, for below median income

countries. Hence, technology diffusion and productivity convergence provide predictions

which are consistent with the observed changes in the moments of sectoral productivity

distributions.

5.3.4. Remarks and Discussion

An alternative explanation: Firm selection

An important alternative explanation which may result in similar changes in the sectoral

productivity distributions is the exit of least productive firms as a reaction to higher

trade exposure and competition. While theories of firm selection do not underscore

100The same models are estimated using OLS where the variables with high kurtosis are logged to check

whether the standard OLS estimations yield a similar picture. While taking logs decreases the kurtosis

and downweights the outliers, it does so in a specific and rather restrictive manner. Still, they constitute

the standard alternatives to our benchmark method and can be useful for comparison purposes. The

findings are in line with the benchmark results and reported in 5.5.4.
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Table 5.3: Average Sectoral Productivity of Below Median Income Countries

1 2 3 4 5 6

Variables RR RR RR RR RR RR

Real openness -1.885∗∗∗ -3.036∗∗∗ -3.044∗∗∗ -3.003∗∗∗ -2.720∗∗∗ -2.479∗∗∗

(0.258) (0.325) (0.326) (0.359) (0.503) (0.493)

highshare 2.705∗∗∗ 4.027∗∗∗ 4.033∗∗∗ 4.009∗∗∗ 5.130∗∗∗ 3.972∗∗∗

(0.447) (0.512) (0.512) (0.530) (0.753) (0.738)

Real exchange rate 1.708∗∗∗ 1.702∗∗∗ 1.401∗∗∗ 2.132∗∗∗ 2.342∗∗∗

(0.399) (0.399) (0.406) (0.589) (0.578)

Nom. exchange rate -0.0198 -9.344∗∗∗ -5.878∗∗∗ 0.847∗∗

(0.0281) (0.232) (0.377) (0.370)

Capital/Employee 0.0243 1.810∗∗∗ 2.051∗∗∗

(0.139) (0.186) (0.187)

Industry Composition No No No No Yes Yes

Industry Trends No No No No No Yes

Observations 19307 19307 19307 19098 17254 17254

Robust standard errors are in parentheses. Dependent variable is the average sectoral turnover per employee

at the 4-digit level. Sector, year, and country fixed effects are included in all specifications.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 5.4: Sectoral Productivity Dispersion of Below Median Income Countries

1 2 3 4 5 6

Variables RR RR RR RR RR RR

Turnover/Employee 1.333∗∗∗ 1.333∗∗∗ 1.333∗∗∗ 1.333∗∗∗ 1.366∗∗∗ 1.397∗∗∗

(0.0000237) (0.0000237) (0.0000237) (0.0000238) (0.0000295) (0.0000306)

Real openness 0.885∗∗∗ 1.013∗∗∗ 1.009∗∗∗ 1.124∗∗∗ 0.976∗∗∗ 0.622∗∗

(0.160) (0.205) (0.205) (0.223) (0.300) (0.309)

highshare -1.309∗∗∗ -1.455∗∗∗ -1.452∗∗∗ -1.627∗∗∗ -1.508∗∗∗ -0.910∗∗

(0.278) (0.323) (0.323) (0.329) (0.434) (0.448)

Real exchange rate -0.188 -0.187 -0.307 -0.235 0.0934

(0.243) (0.243) (0.245) (0.341) (0.353)

Nom. exchange rate -0.00371 -1.845∗∗∗ 0.0933 3.221∗∗∗

(0.0183) (0.183) (0.276) (0.285)

Capital/Employee 1.436∗∗∗ 1.565∗∗∗ 1.554∗∗∗

(0.201) (0.250) (0.262)

Industry Composition No No No No Yes Yes

Industry Trends No No No No No Yes

Observations 15919 15919 15919 15855 14535 14535

Robust standard errors are in parentheses. Dependent variable is the sectoral standard deviation of turnover per employee

within 4-digit sectors. Sector, year, and country fixed effects are included in all specifications. ∗ p < 0.10, ∗∗ p < 0.05,
∗∗∗ p < 0.01
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Conclusion

the relative productivity of the trade partner, they are still natural alternatives to be

evaluated. As a first pass, we observe that only 0.37 percent of the firms did not provide

a financial report in the last two years and firm exit seems to be infrequent among

large firms. However, in this figure it is possible to miss some firms which are practically

inoperative but still presenting financial reports due to legal obligations. For that reason,

we count the firms which lose more than 50 percent of their total sales from one year

to the next. Only 2.4 percent of the time, firms experience such a large shrinkage in

their sales volumes while being operative. It is also likely that measurement errors can

account for a significant share of these observed sales losses. These observations do not

invalidate the exit hypothesis but may imply that possible shrinkage in the market shares

of least productive firms does not translate into exits or sharp declines in sales volumes.

Fortunately, in such a case exit and spillover mechanisms can be differentiated because

they lead to contrasting patterns in industry concentration. If the least productive

firms are not completely driven out of the market but the underlying mechanism is

working, exit hypothesis predicts increasing inequality in market shares whereas spillovers

and productivity convergence lead to a more homogeneous distribution of sales across

operating firms. To be able to observe which prediction is empirically more grounded

in our sample, we construct the Herfindahl index for each country, sector, and year to

investigate the relationship between highshare and industry concentration (Table 5.5).

The first six columns present the results for OLS regressions, the seventh column shows

the IV estimation where highshare is instrumented with its first lead and the consumption

share of PPP GDP, and the last column provides robust regression results to control for

the effects of outliers on coefficient estimates. Despite being imprecisely estimated in 1

out of 8 cases, highshare has a negative effect on industry concentration in all cases. This

finding is in line with the expected effects of technology diffusion on industry structure.

5.4. Conclusion

The extent of resource misallocation which is recently documented for developing coun-

tries is well beyond prior expectations and has created a new avenue of ideas and tools

to explain the large income differences across countries. In this paper, we point out
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Table 5.5: Industry Concentration and Trade

1 2 3 4 5 6 7 8

Variables OLS OLS OLS OLS OLS OLS IV RR

Real openness 1.090∗∗ 0.195 0.224 0.328 0.247 0.184 0.296 0.507

(0.434) (0.573) (0.573) (0.659) (0.650) (0.649) (1.444) (0.597)

highshare -4.919∗∗∗ -3.766∗∗∗ -3.737∗∗∗ -2.163∗∗ -2.022∗∗ -2.101∗∗ -2.437 -3.335∗∗∗

(0.794) (0.943) (0.943) (0.972) (0.964) (0.968) (2.289) (0.882)

Real exchange rate 1.801∗∗ 1.906∗∗∗ 2.828∗∗∗ 2.897∗∗∗ 2.994∗∗∗ 3.028∗∗∗ 2.642∗∗∗

(0.720) (0.725) (0.747) (0.743) (0.745) (1.102) (0.674)

Nom. exchange rate 0.0503∗∗∗ -0.279 -0.305 -0.306 -0.103 -0.348

(0.0158) (0.481) (0.480) (0.484) (0.574) (0.386)

Capital/Employee 0.493∗∗ 0.506∗∗ 0.556∗∗ 0.532∗∗ 0.742∗∗∗

(0.221) (0.215) (0.221) (0.219) (0.237)

Turnover/Employee 19.17 36.99 65.26 25.69

(62.62) (58.21) (57.80) (43.50)

Observations 23218 23218 23218 19229 19165 19165 16518 19165

R2 0.416 0.417 0.417 0.490 0.501 0.513 - -

Robust standard errors are in parentheses. Dependent variable is the Herfindahl index at the 4-digit level multiplied by

1000 (for demonstrational purposes). Year, sector, and country fixed effects are included in all specifications. Industry

specific trends are controlled for in columns (6), (7) and (8). ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

the mechanism that trade with more productive countries might lead to resource misal-

location for relatively less productive ones using a North-South model of international

trade. In this model, southern firms are characterized by lower productivity and limited

capacity to generate excludable knowledge. As a result, they rely on knowledge diffusion

transmitted through trade with the productive North. This knowledge diffusion expands

the common knowledge stock of the South from which both the incumbents and their

competitors can benefit. As a reaction to higher trade with more productive regions,

mean labor productivity increases whereas the productivity variation diminishes within

each sector. The changes in sectoral productivity distribution decrease the market power

of sectoral leaders and exert a downward pressure on markups. These pro-competitive

effects materialize asymmetrically due to cross sectoral differences in productivity distri-

butions and technology adoption rates. As a consequence, trade with more productive

economies inflates markup dispersion across sectors and introduces resource misalloca-

tion for the South.

These model predictions are tested for a large sample of European countries between

1992 and 2007. The main econometric analysis and following robustness checks show

that trading more with more productive partners (1) inflates economy wide markup
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variation (2) raises mean labor productivity, and (3) decreases productivity dispersion

within 4-digit sectors, for less productive countries, which are in line with the model

predictions. These findings may shed light on the determinants of resource misallocation

in developing countries and provide insight into how to fully utilize the opportunities

presented by international trade. Furthermore, they call for careful monitoring of the

trade composition and changes in market structure across sectors to device appropriate

competition policies, especially during episodes of rapid trade liberalization.
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5.5. Appendix

5.5.1. Relative Incumbent Productivity

Main Equation

Let ai(t) =
h
(1−θ+δ)
i

hδj
and bi(t) =

h
(1−θ+δ)
f

hδj
.101 Then, the growth of ai(t) is given by:

âi(t) = (1− θ + δ)ĥi(t)− δĥj

ĥi(t) can be found by dividing both sides of the law of motion for incumbent productivity

(5.10) by hi(t) and given by ĥi(t) = γ1a
−1
i (t). The northern productivity is constant and

exogenous and we have a differential equation for ai(t):

ȧi(t) = (1− θ + δ)γ1 − δĥjai(t)

and

ai(t) =
(1− θ + δ)γ1

δĥj
+ (ai(0)− (1− θ + δ)γ1

δĥj
)e−δĥjt (5.33)

Similarly, b(t) is found as:

bi(t) =
(1− θ + δ)γfi

δĥj
+ (bi(0)− (1− θ + δ)γfi

δĥj
)e−δĥjt (5.34)

where ai(0) and bi(0) are the initial values of the corresponding functions. Using (5.33)

and (5.34),

m
(1−θ+δ)
i (t) =

(1−θ+δ)γ1
δĥj

+ (ai(0)− (1−θ+δ)γ1
δĥj

)e−δĥjt

(1−θ+δ)γfi
δĥj

+ (bi(0)− (1−θ+δ)γfi
δĥj

)e−δĥjt
(5.35)

For endogenous growth case (θ = 1) and using the definitions of gi(t) and fi(t) given in

the main text, (5.35) becomes:

mδ
i (t) =

γ1
ĥj

+ (gi(0)− γ1
ĥj

)e−δĥjt

γfi
ĥj

+ (fi(0)− γfi
ĥj

)e−δĥjt
(5.36)

In the long run, relative incumbent productivity is found as:

lim
t→∞

mi(t) = (
γ1

γfi
)
1/δ

(5.37)

101Note that there is a change of notation and hfi is denoted by hf for notational ease.
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Productivity of the Trade Partner

In this part, we will show that the sectoral markups are decreasing functions of the initial

productivity of the trade partner while this effect approaches to zero in the long-run.

Using eq. (5.12):

mi(t) =

 γ1
ĥj

+ (g(0)− γ1
ĥj

)e−δĥjt

γfi
ĥj

+ (f(0)− γfi
ĥj

)e−δĥjt

1/δ

Then, the partial derivative of sectoral markup with respect to the initial productivity

of the trade partner is found as:

∂mi(t)

∂hj(0)
=
[−hi(0)h−2

j (0)e−δĥjt(
γfi
ĥj

+ (f(0)− γfi
ĥj

)e−δĥjt)

(
γfi
ĥj

+ (f(0)− γfi
ĥj

)e−δĥjt)2

+
( γ1
ĥj

+ (g(0)− γ1
ĥj

)e−δĥjt)hfi (0)h2
j(0)e−δĥjt

(
γfi
ĥj

+ (f(0)− γfi
ĥj

)e−δĥjt)2

]1

δ
m1−δ
i (t)

=
1

δ
m1−δ
i (t)

(1− eδĥjt)(hfi (0)γ1 − hi(0)γfi )e−δĥjt

h2
j(0)ĥj(

γfi
ĥj

+ (f(0)− γfi
ĥj

)e−δĥjt)2
< 0 ∀t ∈ [0,∞)

The last inequality holds since 1 < ( γ1
γfi

) < ( γ1
γfi

)1/δ < ε
ε−1
≤ hi(0)

hfi (0)
for 0 < δ < 1 and

limt→∞
∂mi(t)
∂hj(0)

= 0.

5.5.2. General Equilibrium

In this part, we will explicitly present the general equilibrium solution of our model.

Using (5.16) and (5.22), we can find the labor allocated to each firm:

∫ G(t)

0

(
hi

hfi

ε− 1

ε
)−εlidi+

∫ 1

G(t)

lidi = L⇒ (5.38)

li = (
hi

hfi

ε− 1

ε
)−ε

L∫ G(t)

0
( hi
hfi

ε−1
ε

)−εdi+ (1−G(t))
, ∀i ∈ [0, G(t)] (5.39)

and

li =
L∫ G(t)

0
( hi
hfi

ε−1
ε

)−εdi+ (1−G(t))
, ∀i ∈ (G(t), 1] (5.40)
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Total expenditure should be equal to total output for each country. Using (5.39) and

(5.40), the southern output is found to be:

C =hi

∫ G(t)

0

(
hi

hfi

ε− 1

ε
)−ε

L∫ G(t)

0
( hi
hfi

ε−1
ε

)−εdi+ (1−G(t))

w

hfi
di (5.41)

+ hi(1−G(t))
L∫ G(t)

0
( hi
hfi

ε−1
ε

)−εdi+ (1−G(t))

ε

ε− 1

w

hi
(5.42)

The northern output is:

C̄ = hjL
w̄

hj

ε

ε− 1
(5.43)

Dividing (5.41) by (5.43) , multiplying and dividing the numerator with ε
ε−1

hi
w

and

rearranging terms, we get:

C

C̄
=

(
∫ 1

0
hilipi di)

(
∫ 1

0
hjljpj dj)

=
hiLpi
hjLpj

= w∗

(∫ G(t)

0
( hi
hfi

ε−1
ε

)1−εdi+ (1−G(t))

(1−G(t) +
∫ G(t)

0
( hi
hfi

ε−1
ε

)−εdi

)
(5.44)

We assume balanced trade to close the model. Using (5.17), (5.8) and the definition

of mi(t):

C̄
( ∫ G(t)

0

(
w

hfi
)1−εdi+

∫ 1

G(t)

(
ε

ε− 1

w

hi
)1−εdi

)
= C

∫ 1

0

(
ε

ε− 1

w̄

hj
)1−εdj (5.45)

⇒ C

C̄
= (w∗

hj
hi

)1−ε
(∫ G(t)

0

(
hi

hfi

ε− 1

ε
)1−εdi+ (1−G(t))

)
(5.46)

We equate (5.44) and (5.46) to solve for the relative wage:

w∗ = (
hi
hj

)
ε−1
ε

(∫ G(t)

0

(
hi

hfi

ε− 1

ε
)−εdi+ (1−G(t))

)1/ε

(5.47)

Finally, we find the relative output by plugging (5.47) into (5.44):

C

C̄
=(

hi
hj

)
ε−1
ε

(
∫ G(t)

0
( hi
hfi

ε−1
ε

)1−εdi+ (1−G(t)))( ∫ G(t)

0
( hi
hfi

ε−1
ε

)−εdi+ (1−G(t))
)(ε−1)/ε

(5.48)

=(
hi
hj

)
ε−1
ε

(
∫ G(t)

0
(mi(t))

ε−1
ε

)1−εdi+ (1−G(t)))( ∫ G(t)

0
(mi(t)

ε−1
ε

)−εdi+ (1−G(t))
)(ε−1)/ε

(5.49)

The second equality follows from the definition of mi(t). Using the symmetry among

incumbents and the definition of m̃i(t) yields equation (5.27) in the main text.
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5.5.3. Misallocation and the Markup Variation

Let f(x) = x1−ε and g(x) = x−ε.102 Note that f ′′(x) = ε(ε − 1)x(−ε−1) > 0 and

g′′(x) = ε(ε+ 1)x(−ε−2) > 0. Hence, f(x) and g(x) are strictly convex since ε > 1. Using

these two functions, we can rewrite the misallocation function as follows103:

M = 1− E[f(m̃)]

E[g(m̃)]
ε−1
ε

Let a be a random variable with mean 0 and uncorrelated to m̃, i.e., E[a|m̃] = 0,

E[m̃ + a] = E[m̃] since E[a] = 0. Then, what we want to show is that E[f(m̃)]

E[g(m̃)]
ε−1
ε

>

E[f(m̃+a)]

E[g(m̃+a)]
ε−1
ε

. First, note that

E[f(m̃)]

E[g(m̃)]
ε−1
ε

>
E[f(m̃+ a)]

E[g(m̃+ a)]
ε−1
ε

⇐⇒ E[f(m̃)]

E[g(m̃)]
>
E[f(m̃+ a)]

E[g(m̃+ a)]

since E[g(m̃)]
ε−1
ε > 1 and ε

ε−1
> 1. Now, we approximate the misallocation function

by the second order Taylor series approximations of f(m̃+ a) and g(m̃+ a) around the

point m̃:

f(m̃+ a) ≈ f(m̃) + f ′(m̃)a+
f ′′(m̃)a2

2

g(m̃+ a) ≈ g(m̃) + g′(m̃)a+
g′′(m̃)a2

2

Then,

E[f(m̃+ a)]

E[g(m̃+ a)]
≈
E[f(m̃)] + E[f ′(m̃)a] + E[f

′′(m̃)a2

2
]

E[g(m̃)] + E[g′(m̃)a] + E[g
′′(m̃)a2

2
]

=
E[f(m̃)] + E[f ′(m̃)]E[a] + E[f ′′(m̃)]E[a2]

2

E[g(m̃)] + E[g′(m̃)]E[a] + E[g′′(m̃)]E[a2]
2

=
E[f(m̃)] + E[f ′′(m̃)]σ2

a

2

E[g(m̃)] + E[g′′(m̃)]σ2
a

2

=
E[f(m̃)] + ((ε−1)εE[m̃(−ε−1)]σ2

a

2

E[g(m̃)] + (ε(ε+1)E[m̃(−ε−2)]σ2
a

2

<
E[f(m̃)]

E[g(m̃)]

The first equality follows from the zero correlation between a and m̃. The second

equality holds because the unconditional mean of a is 0, the third equality uses the

102In this section, time is dropped for ease of notation.
103Recall that observed relative markup for sector i is denoted by m̃i.
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explicit values of the second derivatives for f(x) and g(x) evaluated at m̃; finally, the in-

equality holds because (ε+1) > (ε−1) and E[m̃(−ε−1)]/E[m̃(−ε−2)] < E[m̃(1−ε)]/E[m̃−ε] =

E[f(m̃)]/E[g(m̃)] .

5.5.4. Additional Robustness Checks

Without the first moment

In this section, we estimate the same models in Section 5.3.3 without controlling for the

first moment of the markup distribution. Results are similar, which is not surprising

considering the insignificance of the mean markup level in benchmark estimations.

Table 5.6: Variation in Profit Margins and Trade in Below Median Income Countries

1 2 3 4 5 6 7 8 9

Variables FE FE FE FE FE FE FE IV RR

Real openness -0.0753∗∗∗ -0.0837∗∗ -0.0774∗∗ -0.0641 -0.0736 -0.0719 -0.0210 -0.150∗ -0.0477∗

(0.0248) (0.0362) (0.0353) (0.0445) (0.0547) (0.0590) (0.0375) (0.0845) (0.0267)

highshare 0.158∗∗∗ 0.167∗∗∗ 0.154∗∗∗ 0.119∗ 0.136∗ 0.134∗ 0.0962∗∗ 0.296∗∗ 0.113∗∗∗

(0.0406) (0.0512) (0.0509) (0.0573) (0.0679) (0.0723) (0.0430) (0.147) (0.0386)

Real exchange rate 0.0166 0.00283 0.0541 0.0638 0.0632 0.0671 0.133∗∗ 0.0711∗∗

(0.0564) (0.0568) (0.0431) (0.0446) (0.0448) (0.0400) (0.0587) (0.0282)

Nom. exchange rate -0.00213∗∗ -0.00210∗∗ -0.0543∗∗∗ -0.0540∗∗∗ -0.0194 -0.0258∗ -0.0237∗∗

(0.000884) (0.000854) (0.0138) (0.0152) (0.0150) (0.0148) (0.0108)

Turnover/Employee -8.519 -50.28∗∗∗ -50.55∗∗∗ -41.45∗∗ -35.01 -14.51

(8.047) (11.90) (12.78) (15.26) (21.50) (9.912)

Capital/Employee -0.0766∗∗ -0.0767∗∗ -0.0919∗ -0.0968∗ -0.0347

(0.0274) (0.0283) (0.0456) (0.0559) (0.0226)

Gov. consumption share 0.0332 0.575∗ 0.496 0.343∗∗

(0.218) (0.286) (0.421) (0.162)

Industry Composition No No No No No No Yes Yes Yes

Observations 155 155 155 144 137 137 114 100 114

R2 0.289 0.290 0.302 0.258 0.364 0.364 0.583 - -

Robust standard errors in parentheses. Dependent variable is the standard deviation of profit margins. In IV estimation, the instruments are

valid with a partial R2 of 0.296, F-statistic of 9.40, AP(2) of 24.50 and a J-statistic of 0.317. Year and country fixed effects are included.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Full IV estimates

In the main part of the text, we reported only the IV estimates for the most extended

specification in Section 5.3.3. In this part, we replicate Table 5.2 of the main text by

instrumenting highshare with its first lead and the consumption share of PPP GDP (cc)

in all specifications. Instruments are always exogenous; underidentification is rejected at

1% in all specifications and relatively high F-statistics provide confidence in the strength

of the instruments.
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Table 5.7: Variation in Profit Margins and Trade

1 2 3 4 5 6 7

Variables IV IV IV IV IV IV IV

Average margin -0.268∗∗ -0.292∗∗ -0.337∗∗ -0.304∗ -0.303∗ -0.347∗∗ -0.268∗

(0.131) (0.141) (0.139) (0.161) (0.170) (0.160) (0.150)

Real openness -0.237∗∗∗ -0.345∗∗∗ -0.342∗∗∗ -0.396∗∗∗ -0.296∗∗∗ -0.320∗∗∗ -0.166∗

(0.0747) (0.129) (0.129) (0.150) (0.109) (0.111) (0.0904)

highshare 0.475∗∗∗ 0.619∗∗∗ 0.615∗∗∗ 0.646∗∗∗ 0.499∗∗∗ 0.550∗∗∗ 0.351∗∗

(0.138) (0.206) (0.206) (0.226) (0.175) (0.182) (0.164)

Real exchange rate 0.124 0.107 0.200∗∗ 0.145∗∗ 0.149∗∗ 0.129∗∗

(0.0867) (0.0862) (0.0970) (0.0724) (0.0707) (0.0600)

Nom. exchange rate -0.00234∗∗ -0.00193∗ -0.0649∗∗∗ -0.0692∗∗∗ -0.0252∗

(0.000976) (0.00101) (0.0181) (0.0185) (0.0147)

Turnover/Employee 16.05 -47.58∗∗ -47.03∗∗ -34.52∗

(20.17) (18.61) (19.36) (20.12)

Capital/Employee -0.0930∗ -0.0945∗ -0.0908∗

(0.0485) (0.0485) (0.0511)

Gov. consumption share -0.426 0.448

(0.282) (0.415)

Industry composition No No No No No No Yes

Underidentification

Kleibergen-Paap LM 13.22 12.01 12.14 10.99 14.31 13.24 8.85

P-value 0.001 0.003 0.002 0.004 0.000 0.001 0.012

Weak identification

F-statistic 17.28 10.01 9.87 8.74 14.32 13.44 7.24

Partial R2 0.347 0.234 0.235 0.227 0.305 0.285 0.277

AP(2) 38.01 21.92 22.48 20.14 34.24 32.50 19.16

Validity

J-statistic 0.492 0.351 0.206 0.032 0.000 0.003 0.411

Observations 138 138 138 127 120 120 100

Robust standard errors clustered at the country level are in parentheses. Dependent variable is the standard deviation of profit

margins. Year dummies and country fixed effects are included. Highshare is instrumented by its first lead and the consumption

share of PPP GDP. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Sensitivity to the threshold

Our benchmark estimations use data on countries with at least 50 large firms per year. In

this section, we will show that benchmark results are robust to this choice by replicating

Table 5.2 using the country-year pairs with at least 200 observations. Highshare remains

to be positive and strongly significant, except the last column where the coefficient

estimate of highshare misses to be significant at 10% having a P -value of 0.123 with a

t-statistic of 1.56. This is probably due to loss of observations as a result of the higher

threshold and rapid downweighting of observations with larger residuals and in some

cases equating their weight to zero in Robust Regression method.

Table 5.8: Variation in Profit Margins and Trade (Threshold=200)

1 2 3 4 5 6 7 8 9

Variables FE FE FE FE FE FE FE IV RR

Average margin -0.126 -0.120 -0.183 -0.254∗∗ -0.172∗ -0.190∗∗ -0.185∗∗ -0.281∗∗∗ -0.189∗∗

(0.0846) (0.0845) (0.111) (0.108) (0.0844) (0.0802) (0.0835) (0.0859) (0.0750)

Real openness -0.0466∗∗ -0.0558∗ -0.0500 -0.0401 -0.0386 -0.0232 -0.0266 -0.0923∗ -0.00793

(0.0212) (0.0294) (0.0288) (0.0248) (0.0239) (0.0229) (0.0264) (0.0540) (0.0296)

highshare 0.158∗∗∗ 0.170∗∗∗ 0.160∗∗∗ 0.123∗∗∗ 0.112∗∗∗ 0.0886∗∗∗ 0.0909∗∗ 0.210∗∗ 0.0688

(0.0410) (0.0457) (0.0417) (0.0363) (0.0290) (0.0289) (0.0391) (0.0932) (0.0441)

Real exchange rate 0.0202 -0.00479 0.0115 0.00912 0.0105 0.0249 0.0588∗ 0.0222

(0.0318) (0.0300) (0.0332) (0.0340) (0.0311) (0.0329) (0.0349) (0.0304)

Nom. exchange rate -0.00211∗∗∗ -0.00267∗∗∗ -0.0465∗∗∗ -0.0403∗∗∗ -0.0346∗∗∗ -0.0405∗∗∗ -0.0332∗∗∗

(0.000523) (0.000671) (0.00668) (0.00637) (0.00713) (0.00813) (0.0113)

Turnover/Employee -13.06∗ -61.31∗∗∗ -62.98∗∗∗ -44.36∗∗∗ -36.79∗∗∗ -39.90∗∗∗

(6.103) (10.17) (10.81) (8.579) (8.953) (10.67)

Capital/Employee -0.0939∗∗∗ -0.0965∗∗∗ -0.0929∗∗∗ -0.0845∗∗∗ -0.0869∗∗∗

(0.0163) (0.0166) (0.0198) (0.0225) (0.0269)

Gov. consumption share 0.320∗ 0.255 0.117 0.429∗∗

(0.165) (0.175) (0.221) (0.181)

Industry Composition No No No No No No Yes Yes Yes

Observations 126 126 126 120 113 113 109 95 107

R2 0.368 0.369 0.395 0.327 0.512 0.528 0.696 - -

Robust standard errors clustered at the country level are in parentheses. Dependent variable is the standard deviation of profit margins. Year dummies and

country fixed effects are included. In IV estimation, highshare is instrumented by its first lead and the consumption share of PPP GDP. Kleibergen-Paap LM

statistic is 8.009, the partial R2 is 0.226, AP(2) is 14.10 and the J-statistic is 0.778. The sample consists of the country-year pairs with at least 200 large

firms of which profit margin is available. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Cluster of outliers

Our benchmark Robust Regression estimator might miss to detect the cluster of outliers.

This can be an issue since we have a panel and observe countries over time. To control

for this possibility, we use the mmregress routine implemented by Verardi and Croux

(2009) in Stata. There is a tradeoff between efficiency and the bias of estimates, which
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is controlled by the efficiency level chosen. To be on the safe side, we use the least

efficient estimator which also yields the least biased estimates. It is seen that despite

using the least efficient estimator, highshare is positively related to markup dispersion

and significant at 1% in all cases, except the least extended specification where the effect

is still positive.

Table 5.9: Variation in Profit Margins and Trade (Cluster of Outliers)

1 2 3 4 5 6 7

Variables RR RR RR RR RR RR RR

Average margin 0.0180 0.144∗∗∗ 0.0394 -0.000345 0.131∗∗∗ -0.0580∗∗∗ -0.154∗∗∗

(0.0771) (0.0428) (0.0435) (0.0400) (0.0243) (0.0187) (0.0234)

Real openness 0.0107 -0.0173∗∗ -0.0121 -0.00665 -0.0240 0.00868 -0.0265∗∗

(0.00897) (0.00791) (0.0183) (0.0180) (0.0166) (0.0178) (0.0126)

highshare 0.0341 0.0728∗∗∗ 0.0635∗∗∗ 0.0691∗∗∗ 0.0762∗∗∗ 0.0715∗∗∗ 0.0818∗∗∗

(0.0223) (0.0127) (0.0201) (0.0213) (0.0165) (0.0246) (0.0147)

Real exchange rate 0.0662∗∗∗ 0.0538∗∗∗ 0.0421∗∗ 0.0514∗∗∗ -0.0180 0.0551∗∗∗

(0.0139) (0.0151) (0.0174) (0.0102) (0.0119) (0.0130)

Nom. exchange rate -0.00104∗∗∗ 0.000789∗∗ -0.0453∗∗∗ -0.0295∗∗∗ -0.0131∗∗∗

(0.000272) (0.000355) (0.00180) (0.00253) (0.00450)

Turnover/Employee -1.436 -56.49∗∗∗ -50.39∗∗∗ -20.10∗∗∗

(4.161) (4.323) (5.290) (6.130)

Capital/Employee -0.109∗∗∗ -0.122∗∗∗ -0.331∗

(0.00614) (0.00546) (0.167)

Gov. consumption share -0.446∗∗∗ 0.649∗∗∗

(0.0329) (0.0437)

Industry Composition No No No No No No Yes

Observations 155 155 155 144 137 137 114

Robust standard errors in parentheses. Dependent variable is the standard deviation of profit margins. Year dummies and

country fixed effects are included. The coefficients are estimated by the S-estimator which yields the least biased estimates
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Sectoral Productivity Distributions

The distributions of average sectoral productivity and sectoral productivity variation

are heavy-tailed with substantial kurtoses. In such cases, OLS estimates are distorted.

As the benchmark, we use Robust Regression to deal with this issue. In this section,

we will show that the relationship between average productivity and highshare is not

driven by this estimation method, which provides further confidence in our findings. We

take the natural logarithm of meantpeS, sdtpeS and meancpeS, which have high kurtosis
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and estimate the same specifications in Section 5.3.3. While taking logarithm decreases

the kurtosis and downweights the outliers, it does so in a specific and rather restrictive

manner. Still, they constitute the standard alternatives to our benchmark method and

can be useful for comparison purposes. Tables 5.10 and 5.11 present the estimation results

for average sectoral productivity and sectoral productivity dispersion, respectively, for

below median income countries. It is seen that results from the log-log specification are

in line with the benchmark results except the fact that the effect of highshare on sectoral

productivity dispersion becomes significant after controlling for sectoral capital intensity

while being negative in all cases as predicted. This finding implies that sectoral capital

intensity is positively associated with both trade with high productivity regions, and

sectoral productivity dispersion and it should be controlled for to prevent biases in the

estimates.

Table 5.10: Average Sectoral Productivity of Below Median Income Countries

1 2 3 4 5 6

Variables OLS OLS OLS OLS OLS OLS

Real openness -0.0109∗∗∗ -0.0113∗∗∗ -0.0114∗∗∗ -0.0146∗∗∗ -0.0136∗∗∗ -0.0141∗∗∗

(0.00187) (0.00216) (0.00215) (0.00225) (0.00241) (0.00245)

highshare 0.0241∗∗∗ 0.0246∗∗∗ 0.0247∗∗∗ 0.0280∗∗∗ 0.0173∗∗∗ 0.0177∗∗∗

(0.00377) (0.00381) (0.00379) (0.00380) (0.00360) (0.00365)

Real exchange rate 0.000809 0.000790 0.00385 0.0125∗∗∗ 0.0131∗∗∗

(0.00279) (0.00279) (0.00283) (0.00317) (0.00320)

Nom. exchange rate -0.000210 -0.00298∗ -0.00582∗∗ -0.00605∗∗

(0.000153) (0.00161) (0.00241) (0.00243)

ln(Capital/Employee) 0.0243∗∗∗ 0.0351∗∗∗ 0.0334∗∗∗

(0.00665) (0.00780) (0.00800)

Industry Composition No No No No Yes Yes

Industry Trends No No No No No Yes

Observations 19307 19307 19307 19098 17254 17254

Dependent variable is the log of mean turnover per employee within 4-digit industries. Year, country and industry

fixed effects are included in all specifications. Heteroskedasticity robust standard errors are in parenthesis and

clustered at the industry level. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 5.11: Sectoral Productivity Dispersion of Below Median Income Countries

1 2 3 4 5 6

Variables OLS OLS OLS OLS OLS OLS

ln(Turnover/Employee) 1.094∗∗∗ 1.094∗∗∗ 1.094∗∗∗ 1.093∗∗∗ 1.087∗∗∗ 1.087∗∗∗

(0.0161) (0.0161) (0.0161) (0.0159) (0.0162) (0.0164)

Real openness 0.00337∗∗ 0.00528∗∗∗ 0.00559∗∗∗ 0.00768∗∗∗ 0.00476∗∗ 0.00559∗∗∗

(0.00151) (0.00188) (0.00189) (0.00211) (0.00204) (0.00207)

highshare -0.000799 -0.00324 -0.00339 -0.00796∗∗∗ -0.0138∗∗∗ -0.0148∗∗∗

(0.00263) (0.00289) (0.00290) (0.00295) (0.00303) (0.00307)

p -0.00364∗ -0.00354∗ -0.00210 0.00694∗∗∗ 0.00646∗∗∗

(0.00194) (0.00194) (0.00196) (0.00212) (0.00217)

Nom. exchange rate 0.000614∗∗∗ -0.00114 -0.00303∗ -0.00295∗

(0.000169) (0.00177) (0.00175) (0.00168)

ln(Capital/Employee) 0.0460∗∗∗ 0.0521∗∗∗ 0.0519∗∗∗

(0.00395) (0.00441) (0.00441)

Industry Composition No No No No Yes Yes

Industry Trends No No No No No Yes

Observations 15919 15919 15919 15855 14535 14535

Dependent variable is the log of standard deviation of turnover per employee within 4-digit industries. Year, country and

industry fixed effects are included in all specifications. Heteroskedasticity robust standard errors are in parenthesis

and clustered at the industry level.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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