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Editorial
How did economics and economic  

history inform policy-making at the  

height of the global financial crisis?  

Jean-Claude Trichet, who was President 

of the European Central Bank from 2003 

to 2011, reflected on this question at a 

conference in late 2010:

‘In the absence of clear guidance from 

existing analytical frameworks, policy-

makers had to place particular reliance 

on our experience. Judgement and 

experience inevitably played a key role. 

In exercising judgement, we were helped 

by one area of the economic literature: 

historical analysis. Historical studies 

of specific crisis episodes highlighted 

potential problems which could be 

expected. And they pointed to possible 

solutions. Most importantly, the historical 

record told us what mistakes to avoid.’

Trichet’s expression of gratitude was 

directed at the economic historians of 

financial crises and severe economic 

downturns, not least his counterpart at 

the US Federal Reserve, Chairman Ben 

Bernanke, whose publications include 

Essays on the Great Depression. But as  

a wide range of research at the Centre  

for Economic Performance (CEP) 

is showing, historical episodes can 

inform policy debates far beyond 

macroeconomics. This issue of CentrePiece 

magazine brings together some lessons 

from economic history.

One theme with strong contemporary 

resonance is the impact of trade and 

technology on growth. A CEP team 

goes back to the millennium before 

the common era to reveal the powerful 

growth effects of one of the first major 

trade expansions: the systematic crossing 

of the Mediterranean by the Phoenicians. 

And our cover story on Gutenberg’s 

printing press explains how the new 

information technology, accompanied  

by new forms of competition, promoted 

the spread of business practices that  

drove growth.

A second theme is the organisation of 

economic activity within cities. Applying 

methodologically innovative work on 

the link between urban density and 

productivity growth (for which they 

received the prestigious Frisch Medal),  

CEP researchers examine what can  

be learned from the division and 

reunification of Berlin. In a further 

application, they highlight the importance 

of the steam railway in sustaining  

dense concentrations of economic activity 

in London.

A final theme connects the current US 

administration with what Trichet called 

‘mistakes to avoid’. A study of the removal 

of Jewish managers in Nazi Germany 

exposes the wider economic damage 

when governments enact discriminatory 

policies based on religion and culture. And 

far from providing support for President 

Trump’s protectionist tendencies, evidence 

from Ronald Reagan’s term of office 

indicates that it was his innovation policy 

– not a retreat from globalisation – that

boosted US economic growth.

Romesh Vaitilingam, Editor

romesh@vaitilingam.com

mailto:romesh@vaitilingam.com
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Revolutionary changes in information technology 
promise to reshape society. Jeremiah Dittmar 
explores the impact of the printing press and the 
new forms of competition that accompanied its 
introduction – on book prices, scientists’ pay, the 
Protestant Reformation and the spread of radical 
ideas that changed how Europeans did business.

F
undamental changes in 

information technologies have 

profound implications for labour 

markets, for the production and 

spread of knowledge, and for the evolution 

of politics and beliefs. But competition 

among producers also influences the use 

of these technologies and their impact on 

multiple dimensions of life. The introduction 

of Gutenberg’s printing press crystallised 

these dynamics and profoundly shaped the 

long-run evolution of European society.

Printing was a revolutionary technology. 

Usher (1929) observed that: ‘Printing is one 

of the first instances of the substitution of 

mechanical devices for direct hand work 

Europe’s 
transformation  
after Gutenberg:  
the impact of new  
media and competition

in the interests of accuracy and refinement 

in execution as well as reduced cost. By 

capitalistic methods and mass production, a 

new and superior product was evolved.’ 

Printing was not only a new 

technology: it also introduced new forms 

of competition into European society. 

Most directly, printing was one of the 

first industries in which production was 

organised by for-profit capitalist firms. 

These firms incurred large fixed costs and 

competed in highly concentrated local 

markets.

Equally fundamentally – and reflecting 

this industrial organisation – printing 

transformed competition in the ‘market 

for ideas’. Famously, printing was at the 

heart of the Protestant Reformation, which 

breached the religious monopoly of the 

Catholic Church. But printing’s influence 

on competition among ideas and producers 

of ideas also propelled Europe towards the 

scientific revolution.

While Gutenberg’s press is widely 

believed to be one of the most important 

technologies in history, there is very little 

evidence on how printing influenced 

the price of books, labour markets and 

the production of knowledge – and 

no research has considered how the 

economics of printing influenced the use 

of the technology.

CentrePiece Spring 2019
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The price of books
The high price of storing and transmitting 

ideas was one of the fundamental 

features of pre-modern civilisation. While 

the price of books provides a summary 

measure of costs of storing and accessing 

ideas, detailed quantitative evidence on 

the price of books has not previously 

been assembled.

Archival evidence on the price of 

books paints a remarkable picture. The 

introduction of printing led not to a once 

and for all decline in prices: rather, it 

initiated a sustained decline that made 

books widely affordable by the 1500s.

Figure 1 shows the prices of hand-

written and printed books before 

and after the introduction of printing 

into European society. Following the 

introduction of printing, book prices  

fell steadily. The raw price of books  

fell by 2.4% a year for over a hundred 

years after Gutenberg. Taking account  

of differences in content and the  

physical characteristics of books, such  

as formatting, illustrations and the use  

of multiple ink colours, prices fell by 

1.7% a year.

These price declines indicate  

modern rates of productivity growth 

and steady real declines in the price of 

storing and transmitting ideas. Over these 

years, the share of books written in local 

vernaculars increased dramatically. In the 

first years of printing, almost all books 

were in Latin; by the late 1500s, both 

popular and scholarly books were written 

in the vernacular. 

Figure 1:
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How printing shifted  
the rewards for elite 
education and skill
Printing initiated a process that transformed 

the production of knowledge in Europe. 

The economic process involved the 

interaction between two markets: the 

market for ideas; and the labour market. 

Printing delivered a shock to markets 

for ideas, understood broadly as the 

interactions between producers and 

consumers of ideas. Printing reduced prices 

for consumers and increased the size of the 

market facing producers. This shock was 

transmitted to the labour market, in which 

universities and states competed over talent 

and employed highly trained personnel. 

In the labour market, printing acted 

through and transformed the implications 

of existing institutions. Historic universities 

and governments were important 

employers in part because the direct returns 

to innovation in the market for ideas were 
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relatively modest: the market for books 

was small and authors’ intellectual property 

rights were weak. Printing dramatically 

changed how ideas were assessed and 

acquired, and how reputations were made. 

This mattered for the labour market.

To gauge how printing influenced  

the labour market, one must consider 

where to look. A large body of scholarship 

has found that the relative incomes 

of skilled and unskilled workers were 

remarkably stable in Europe from the late 

1300s through the 1700s. But virtually no 

quantitative research has examined the 

incomes or educational choices of the most 

educated Europeans, for whom printing 

had the most profound implications.

Following the introduction of printing, 

salaries of university professors rose 

dramatically. For example, before printing, 

professors’ pay at an Italian university was 

on average 70-90% higher than that of 

skilled workers, but the median professor 

earned the same as a skilled worker. 

Printing spread to Rome in the late 1460s 

and to other Italian cities in the 1470s. As 

Figure 2 shows, following the spread of 

printing, professors’ salaries rose sharply. 

By way of comparison, the mid-

twentieth century was marked by a ‘great 

compression’ of pay, reducing inequality 

in advanced economies, including across 

educational groups. Goldin and Katz (2009) 

compare professors’ salaries to workers’ 

wages and show that in the United States 

an associate professor earned three times a 

worker in 1908 but only 1.6 times a worker 

in 1960.

The levels and magnitude of the shift 

in professors’ salaries in Renaissance Italy 

were similar. But with the introduction of 

printing, the incomes associated with elite 

human capital rose, and there was a ‘great 

expansion’ in inequality.

The introduction of printing also 

shifted labour market returns specifically 

towards scientific knowledge. While the 

introduction of printing was associated 

with pay rises for professors, the greatest 

increases went to professors in scientific 

fields, who taught anatomy, astronomy, 

medicine and natural philosophy. Moreover, 

as Figure 3 shows, university course 

offerings shifted towards these scientific 

subjects and away from non-scientific 

subjects such as law, rhetoric and theology.

Figure 2:
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Figure 3:

The share of university courses on scientific subjects
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R e l i g i o n

The fundamental role 
of market power and 
competition
Printing changed the transmission of ideas 

by introducing both a new technology and 

new forms of competition. Regulation was 

light: printing fell outside guild regulation 

and was one of the first industries in 

European history in which firms organised 

production. Market structure and 

competition varied across cities and time.  

It was extremely costly to trade books 

across cities. Many cities had local 

monopolies. Others had two, three or a 

small number of firms.

Influential historical research argues 

that Gutenberg’s printing technology 

transformed European society as a whole 

(Eisenstein, 1980). Previous economic 

research has studied the extensive margin 

of technology diffusion, comparing the 

development of cities that did and did not 

have printing in the late 1400s (Dittmar, 

2011; Rubin, 2014).

But rich new evidence indicates 

that competition among printers at the 

local level profoundly shaped how the 

technology was used. In research with 

Skipper Seabold, I study how competition 

in printing influenced the prices of books, 

the spread of revolutionary religious ideas 

during the Protestant Reformation, 

and the diffusion of radical ideas that 

changed how Europeans did business.

    

Prices
While the overall price of books in 

Europe declined steadily, in places where 

there was an increase in competition 

among printers, prices fell swiftly and 

dramatically. We find that when an 

additional printing firm entered a given 

city market, book prices there fell by 25%. 

The price declines associated with shifting 

from monopoly to having multiple firms in 

a market was even larger.

Price competition drove printers to 

compete on non-price dimensions, notably 

on product differentiation. This had 

implications for the spread of ideas.

Ideological and religious 
competition in the media
Printing famously changed the landscape 

of political and religious debate. A large 

body of historical research suggests that 

printing played an absolutely central role 

in the diffusion of Protestantism and, more 

broadly, in fostering religious competition. 

To understand the nature of the shift in 

religious ideas, we study the language used 

in books. Historical book titles provided 

long descriptive glosses on the thrust and 

content of books. These titles were on 

average longer than the maximum length 

of a 140-character tweet. To illustrate how 

religious media changed, we classify titles 

Figure 4:

Religion in the media during the Protestant Reformation
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This article summarises ‘New Media 

and Competition: Printing and Europe’s 

Transformation After Gutenberg’ by Jeremiah 

Dittmar and Skipper Seabold, CEP Discussion 

Paper No. 1600 (http://cep.lse.ac.uk/pubs/

download/dp1600.pdf). 

Jeremiah Dittmar is an assistant professor 

in the LSE economics department and a 

research associate in CEP’s growth and trade 

programmes. Skipper Seabold is a data 

scientist at Civis Analytics. 

Further reading

Jeremiah Dittmar (2011) ‘Information 

Technology and Economic Change: The Impact 

of the Printing Press’, Quarterly Journal  

of Economics 126(3): 1133-72. 

Elizabeth Eisenstein (1980) The Printing  

Press as an Agent of Change, Cambridge 

University Press.

Claudia Goldin and Lawrence Katz (2008) 

The Race between Technology and Education, 

Harvard University Press. 

Jared Rubin (2014) ‘Printing and Protestants: 

An Empirical Test of the Role of Printing in 

the Reformation’, Review of Economics and 

Statistics 96(2): 270-86. 

Abbott Payson Usher (1929) A History  

of Mechanical Inventions, Harvard  

University Press.

as more Protestant and more Catholic. 

We do this based on the distribution of 

language, using methods applied to social 

media content today.

Figure 4 shows the shifting content of 

religious printing in what is now Germany 

before and after Martin Luther circulated 

his 95 theses criticising the Catholic 

Church in 1517. In Figure 4, each marker 

shows the average content of religious 

printing in a given year, with the marker 

sizes themselves reflecting the number of 

publications produced.

The shift in religious ideas and in 

subsequent legal changes reflected 

the underlying economics of printing 

at the local level. The transmission of 

Protestant media was greatest in more 

competitive local media markets. In cities 

where multiple printers were engaged in 

competition just prior to Martin Luther’s 

intervention, Protestant ideas spread more.

Cities with more competitive media 

markets, and where Protestant ideas spread 

most, were more likely to adopt formal 

legal changes, initiating new commitments 

to public education and the provision 

of social welfare services. We find that 

shifts in competition drove the spread 

of radical ideas even when we consider 

chance events that altered local industrial 

organisation.

The spread of knowledge  
about business practices
Classic arguments in the social sciences 

suggest that knowledge-based business 

practices had a profound impact on 

the historical development of European 

capitalism. Printing provided a new channel 

for the diffusion of knowledge about 

business practices. The first mathematics 

texts printed in Europe were ‘commercial 

arithmetics’, which provided instruction 

for merchants. With printing, a business 

education literature emerged that lowered 

the costs of knowledge for merchants. 

The key innovations involved applied 

mathematics, accounting techniques and 

cashless payments systems. 

The evidence on printing suggests 

that, indeed, these ideas were associated 

with significant differences in local 

economic dynamism and reflected the 

industrial structure of printing itself. Where 

competition in the specialist business 

education press increased, these books 

became suddenly more widely available 

and in the historical record, we observe 

more people making notable achievements 

in broadly bourgeois careers.

The bigger picture
It is sometimes presumed that new 

information technology carries relatively 

direct implications for output and economic 

life. The evidence from the Gutenberg 

revolution suggests that profound 

effects are likely to emerge on multiple 

dimensions, including through long-run 

feedbacks on the returns to and production 

of knowledge itself.

The evidence from history also strongly 

indicates that competition and market 

structure in printing profoundly shaped the 

diffusion of ideas and radical social changes 

commonly ascribed to the technology alone. 

Competition among printers promoted 

the spread of business practices that drove 

individual achievement and local growth.

Competition in printing also mattered 

for the diffusion of revolutionary religious 

ideas. In an environment in which political 

freedom, representation and voice were 

severely restricted, competition among 

printers promoted the diffusion of religious 

and political ideas that drove institutional 

change during the Protestant Reformation. 

In an era of economic concentration in 

the use of cutting-edge technologies, the 

evidence from our past strongly suggests 

that the interaction between technology 

and competition may have considerable 

implications.

In places where 
there was an 

increase in 
competition 

among printers, 
book prices 

fell swiftly and 
dramatically

Printing was 
one of the first 
industries in 
which production 
was organised 
by for-profit 
capitalist firms
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Donald Trump has cited the example of one 
of his US presidential predecessors, Ronald 
Reagan, in support of his protectionist policies. 
But as research by Ufuk Akcigit, Sina Ates and 
Giammario Impullitti shows, it was the Reagan 
administration’s innovation policy – not a retreat 
from globalisation – that promoted long-run 
growth of the US economy.

I
n March 2018, President Trump 

imposed tariffs on Chinese steel and 

aluminium, invoking concerns about 

unfair competition and national 

security. These protectionist measures were 

later extended to many other countries 

and goods. Starting with China, US trade 

partners promptly retaliated, giving rise to 

the biggest trade conflict of the post-war 

period.

During his election campaign, Trump 

declared that he would implement a 

protectionist economic policy, following the 

example of Ronald Reagan. It is certainly 

true that in President Reagan’s first term, 

he passed some protectionist measures in 

When innovation 
policy trumped 
protectionism:  
the Reagan years

the face of a severe recession, a significant 

appreciation of the dollar and increasing 

foreign competition from Japanese 

and European firms. These included 

an emblematic 49% duty on Japanese 

motorcycles, which was particularly popular 

with the US manufacturer Harley-Davidson.

But at the same time, Reagan 

implemented policies to open borders, 

including the start of negotiations that 

led to the North American Free Trade 

Agreement. By his second term, Reagan’s 

trade policy agenda had shifted drastically 

away from protectionism: from closing 

US markets to opening foreign markets, 

focusing on resolving unfair trade disputes 

and reviving bilateral and multilateral 

negotiations.

In addition, a different set of industrial 

policies, introduced in the early 1980s and 

aimed at improving US competitiveness 

in a more challenging global economy, 

lasted for the full length of Reagan’s 

administration and beyond.

These measures included tax incentives 

for research and development (R&D), 

strengthening the protection of intellectual 

property rights, promoting the transfer 

of military technologies to commercial 

applications, and procurement contracts 

by agencies from NASA to the Department 

of Defense, aimed at creating markets of 

CentrePiece Spring 2019
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Notes: The figure shows the evolution of aggregate R&D intensity (defined as the ratio of total R&D 

spending to total sales) of public US firms listed in the Compustat database, and the share of patents 

registered by US residents in total patents registered in the USPTO database from 1975 to 1995. The 

ratios are calculated annually. The bars show the total number of US states providing R&D tax credits, 

along with their names, for every year since the first adoption of such a measure in 1982.

Figure 1:

US patent share and R&D intensity, 1975-1995
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an appropriate size to encourage firms to 

make risky investments in innovation. 

Our research finds that abandoning 

protectionism for innovation policy was 

Reagan’s winning response to international 

competition. We focus on the Research and 

Experimentation Tax Credit, an incentive for 

innovation that was introduced in 1981, 

subsequently renewed several times and 

made permanent in 2015.

We build a new model of the global 

economy to assess the effects of R&D 

subsidies and compare them with the 

effects of raising trade barriers as a 

response to growing foreign competition. 

Figure 1 shows the erosion of US 

technological leadership, measured by the 

share of patents obtained by US companies 

in the US Patent Office (USPTO). In the 

mid-1970s, around 70% of patents in the 

United States were owned by US firms; a 

decade later, this share had dropped to a 

little over 50%. This change is a result of 

the acceleration of innovative activity by 

Japanese and European companies.

We also observe a similar technological 

convergence in the global distribution of 

R&D investments and in market shares 

in medium to high-tech industries. But 

this trend seems to reverse in the mid-

1980s, shortly after the introduction 

of the R&D tax credit and the other US 

innovation policies. The share of US 

patents starts increasing again and there is 

a simultaneous acceleration of the average 

R&D share of total sales in US firms.  

Figure 1 also shows that starting with 

Minnesota in 1982, an increasing number 

of US states adopted a state-level tax 

credit for R&D expenses.

Our model reproduces the evolution 

of global leadership in patenting shown in 

Figure 1, with US firms having the majority 

of patents in the early 1970s and foreign 

firms catching up in the next decade. 

Hence, our policy evaluation exercise is 

set up in a world where the US economy 

faces increasing foreign technological 

competition due to an acceleration of 

innovation in its main trade partners.

In this global scenario, we find that the 

R&D subsidy introduced in 1981 promoted 

income growth in the United States in the 

short run and even more so in the long 

run. By reducing the cost of innovation, 

R&D subsidies stimulate firms’ investment 

Abandoning 
protectionism for 
innovation policy 
was Reagan’s 
winning response 
to international 
competition
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in innovation, allowing them to regain their 

technological leadership and bring back 

profits, wages and jobs to the United States. 

The 19% reduction in the cost of innovation 

brought about by the tax credit generates 

a 1% annual increase in US per capita 

consumption for the period 1981-2016.

What would have happened if  

instead of increasing innovation subsidies, 

Reagan had followed the protectionist 

approach of his early period in office?  

We study an alternative scenario in which 

the United States put a 50% tariff rise on 

all imports.

According to our analysis, this policy 

would have generated benefits in the 

short term (10-15 years) because it 

would have protected US companies in 

import-competing sectors from foreign 

competition by helping them maintain their 

shares of the domestic market. But shielded 

from foreign competition, US companies 

would have reduced their investment in 

innovation, resulting in a slower path of 

productivity growth and leading to income 

losses for the US economy in the long run.

Furthermore, in this scenario, short-

term benefits are obtained only under the 

Zero trade 
barriers and 

moderate 
R&D subsidies 
constitute the 

best policy option 
in both the short 

and long run

assumption that commercial partners do not 

respond to duties. In the plausible retaliation 

scenario in which the trade partners 

introduce equally protective measures, 

the short-term benefits also disappear, 

as foreign tariffs damage US exporters, 

reducing their quotas in export markets and 

decreasing their incentives to innovate.

We then turn to analyse optimal 

policies. We look for the levels of subsidies 

and tariff barriers that maximise the 

economic wellbeing of the country. Our 

simulations indicate that the optimal 

subsidy to innovation is inversely 

proportional to global trade openness.

Low multilateral trade barriers generate 

more competition for US firms in the 

domestic market and also make it cheaper 

for them to access foreign markets. 

Both the competition and market access 

margin push US companies to innovate, 

making public interventions in support of 

innovation less necessary.

In modern economies, future ideas 

leading to new products and production 

processes build on the stock of existing 

ideas. In producing and selling an idea 

(innovation/patent), companies cannot take 

account of whether and to what extent 

their idea will benefit future innovators. 

This difficulty of pricing future uses and 

applications of ideas reduces the incentives 

to innovate for private firms, thereby 

providing a motive for government to 

subsidise innovation.

Hence, in modern economies, 

where ideas are the key drivers of new 

technologies (which in turn are the key 

source of economic growth), markets 

fail to generate the optimal amount of 

innovation. Our results suggest that this 

failure is less severe as economies become 

more open, as competition and access to 

export markets provide stronger incentives 

for private firms to innovate.

In preparation for Brexit, the UK 

government has developed a new industrial 

strategy ‘aimed at boosting productivity 

growth… with investment in skills, 

industries and infrastructure… encouraging 

the UK to be world’s most innovative 

economy’. Our results provide an economic 

rationale for the decision to complement 

the increased trade barriers that Brexit will 

bring with industrial policy to stimulate 

productivity growth.

But there is one big caveat: replacing 

market openness with tax cuts and other 

subsidies has important implications for 

This article summarises ‘Innovation and 

Trade Policy in a Globalized World’ by Ufuk 

Akcigit, Sina Ates and Giammario Impullitti, 

CEP Discussion Paper No. 1589 (http://cep.lse.

ac.uk/pubs/download/dp1589.pdf). 

Ufuk Akcigit is at the University of Chicago. 

Sina Ates is at the Federal Reserve Board. 

Giammario Impullitti of the University of 

Nottingham is a research associate in CEP’s 

trade programme.

R&D tax credits 
reduce the cost 
of innovation, 
promoting 
investment by 
firms and boosting 
economic growth

the public finances. Trade openness has a 

small impact on the government’s budget, 

as modern trade barriers are mostly non-

tariff, while tax cuts and subsidies can be 

very costly and therefore less affordable for 

many advanced economies characterised by 

large public debt burden.

When analysing the optimal joint R&D 

and trade policy, we find that zero trade 

barriers and moderate R&D subsidies 

constitute the best policy option in both 

the short and long run.

 In a 1988 interview with the New York 
Times, Harley-Davidson’s chief executive 

Vaughn Beals declared: ‘For years we 

have been trying to understand why the 

Japanese were beating us so badly. Before 

we thought it was their culture. Then 

we thought it was automation... then 

dumping. Finally, we understood that we 

were the problem, not them!’

It turned out that the quality of US 

motorcycles was much lower than that of 

Harley –Davidson’s Japanese counterparts. 

Once the company started improving its 

products, process and marketing, its market 

share bounced back.
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in brief...
What the Berlin Wall can teach 
us about urban development

Economic activity is unevenly distributed across geographical 

space. This is reflected in the existence of cities, as well as 

the concentration of economic functions in specific locations 

within cities, such as Manhattan in New York and the Square 

Mile in London.

Understanding the strength of the forces of agglomeration 

that underlie these concentrations of economic activity is 

central to a range of policy issues, including one overarching 

question: what makes cities thrive? 

Is it proximity to natural resources – such as rivers, oceans 

and energy sources – that makes places attractive for firms 

to locate production? Is it shared amenities – such as leafy 

streets and scenic views –that make them attractive places 

for people to live? Or does the cumulative effect of growing 

population density itself make cities more productive, 

thereby attracting more firms and workers, boosting 

productivity further and raising demand for services, such as 

shops, cafés and theatres? 

From a policy perspective, it is important to distinguish 

between fundamentals and density as determinants of 

urban productivity because the former are given whereas the 

latter can be changed. But since density is also influenced 

by the fundamentals of natural resources, it is notoriously 

difficult to identify each effect separately.

Our research develops a model that indicates a positive 

relationship between urban density and productivity growth 

in a virtuous circle of ’cumulative causation’. We apply our 

model to the unique natural experiment of the construction 

and demolition of the Berlin Wall – and the impact on 

economic activity in neighbouring locations.

When Berlin was divided at the end of the Second World 

War, the western part lost access to the heart of the city; 

when the wall came down in 1989, the city was reunified. 

We track the fortunes of West Berlin, which remained a 

market economy during the 41-year period of division, 

collecting data on employment, population and rents 

between the 1930s and the 2000s.

We find that property prices and economic activity in the 

eastern side of West Berlin, close to the historic central 

business district in East Berlin, began to fall when the 

city was divided. Then, after reunification, the same area 

began to redevelop: West Berlin suddenly had access to 

all the knowledge and public resources in the resurgent 

central business district it had been denied. This spurred 

development in these areas, raising land prices close to the 

central business district and demonstrating the positive 

effect of exposure to density in neighbouring areas.

Our model is successful in explaining the observed 

reorganisation of economic activity within West Berlin not 

only qualitatively, but also quantitatively. What’s more, it has 

practical applications for urban planners making decisions 

on infrastructure and housing in modern cities. For example, 

if a city is considering a subway, the model can be used to 

demonstrate how property prices are likely to increase.

The model also makes it possible to simulate what 

will happen to places that are close to proposed new 

infrastructure – and what the potential economic spillovers 

to other locations may be. And it can predict when 

improving one area is likely to hurt another area – for 

example, when firms and workers might move away to 

better connected and more desirable locations.

What makes cities thrive? CEP researchers consider what can be 
learned from the division and reunification of Berlin, in work for 
which they were awarded the prestigious Frisch Medal in 2018.  
The city’s history provides a unique setting in which to investigate 
how connectivity between neighbourhoods influences the urban 
economy and residents’ quality of life.

The Berlin Wall provides a unique 
natural experiment for analysing 
the organisation of economic 
activity within cities

CentrePiece Spring 2019

12



This article summarises ‘The Economics 

of Density: Evidence from the Berlin 

Wall’ by Gabriel Ahlfeldt, Stephen 

Redding, Daniel Sturm and Nikolaus 

Wolf, CEP Discussion Paper No. 1154 

(http://cep.lse.ac.uk/pubs/download/

dp1154.pdf) and published in 

Econometrica 83(6) in November 2015.

In 2018, the study’s authors were 

recognised by the award of the Frisch 

Medal of the Econometric Society, which 

is presented biennially for the best 

applied (empirical or theoretical) paper 

published in Econometrica during the 

previous five years.

Gabriel Ahlfeldt is associate  

professor of urban economics and  

land development at LSE and a research 

associate in CEP’s urban programme. 

Stephen Redding of Princeton 

University and Daniel Sturm, LSE 

professor of economics, are research 

associates in CEP’s trade programme. 

Nikolaus Wolf is at Humboldt  

University Berlin.

Lessons from 
Berlin have 

practical 
applications for 
urban planners 

making decisions 
on infrastructure 

and housing
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Economists often point out the benefits of trade, 
yet empirical evidence for these benefits has 
been hard to come by and tends to be recent. 
Jan David Bakker, Stephan Maurer, Jörn-
Steffen Pischke and Ferdinand Rauch go 
back to the millennium before the common era 
to investigate the growth effects of one of the 
first major trade expansions in human history: 
the systematic crossing of the open sea in the 
Mediterranean by the Phoenicians.

W
hile economists extol the 

virtues of trade, advocates 

of free trade face stiff 

political headwinds these 

days. The economic ideas for the benefits 

of trade go back more than 200 years 

to Adam Smith and David Ricardo, but 

empirical evidence for these benefits has 

been much harder to come by and is much 

more recent.

In particular, empirical economists have 

sought to demonstrate that more open 

economies or more integrated markets 

see faster growth. While the relationship 

between these two variables is hardly 

disputed, the much more difficult question is 

whether this is due to trade causing growth 

or richer economies being more open. 

A number of recent studies have 

made some headway on this question, 

mostly drawing on historical episodes 

related to the opening of new trade routes 

or the introduction of cheaper trading 

technologies.

A pioneering CEP study by Redding 

and Sturm (2008) looks at the growth 

of German cities when the country was 

divided after the Second World War. The 

division of Germany meant that West 

German cities near the new border lost 

part of their hinterland and access to 

Trade and growth  
in the Iron Age

East German markets. The researchers 

find that these border cities grew slower 

than comparable cities elsewhere in West 

Germany during the time of division.

Other studies have looked at the impact 

of new transport technologies. For example, 

Donaldson and Hornbeck (2016) examine 

the impact of the expansion of railroads in 

the United States between 1870 and 1890 

on agriculture. They find that the value 

of agricultural land doubled due to the 

presence of the railroad network.

The expansion of the US highway system 

a century later, starting in the late 1950s, 

led to an increase in retail sales of around 

10% in counties near highways compared 

with those further away, as CEP research by 

Michaels (2008) demonstrates. During the 

same period, air freight began to enhance 

the connections of landlocked countries and 

their trading partners. Feyrer (2009) finds 

that a 10% increase in trade raises income by 

about 5%.

In a similar vein, Pascali (2017) exploits 

the fact that the introduction of steamships 

during the second half of the nineteenth 

century provided advantages on certain 

trade routes and less on others, depending 

on how well prevailing wind patterns 

allowed sailing ships to serve these routes. 

Pascali’s findings are more sobering and less 

in line with the simple economic benefits of 

trade: trade had negative effects on most 

countries and only benefited those with 

more inclusive political institutions. 

So are the economic consequences of 

trade limited to the period since the height 

of the Industrial Revolution? What if we 

delve deeper into history? Trade seems 

to have played an important role long 

before this. Acemoglu et al (2005) link the 

opening of Atlantic trade from around the 

early sixteenth century to the ensuing shift 

in the focus of economic activity in Europe 

from the south and centre of the continent 

to the Atlantic periphery: England, France 

and the Netherlands.

Our research goes back even further 

and explores this connection in the 

Geography and 
trade played 

a large role 
in economic 

development 
even at an early 

juncture in 
human history
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millennium before the common era (BCE). 

We analyse the growth effects of one  

of the first major trade expansions in 

human history: the systematic crossing  

of the open sea in the Mediterranean by 

the Phoenicians. 

Merchants and mice during 
the time of the Phoenicians
Seafaring in the Mediterranean started with 

hunter-gatherer societies around 10,000 

BCE. We know that humans began to settle 

islands at that time (Broodbank, 2006).  

They also moved obsidian, a volcanic rock, 

over considerable distances.

With the advent of the sail around 

3,000 BCE, ships had a considerable cost 

advantage over land transport. Regional 

trade networks grew in importance in 

the Mediterranean during the next two 

millennia. But most of this sailing was 

coastal. While sailors made open-sea 

crossings where they were difficult to  

avoid – for example, to reach Cyprus or 

Crete, or to cross from Albania to the  

heel of the Italian boot – coast hugging 

prevailed elsewhere.

Only from around 900 BCE did 

Phoenicians and other sailors begin to  

cross the open Mediterranean systematically 

and routinely. A dense trading network 

began to emerge, and on the eve of classical 

antiquity, the Mediterranean was constantly 

criss-crossed by Phoenicians, Greeks and 

other sailors.

This was an expansion in scale and 

scope far beyond the trading activities in 

previous millennia. The house mouse is a 

marker for the magnitude of this expansion. 

Originating in South East Asia, this 

species reached the eastern seaboard of 

the Mediterranean around 12,000 BCE. 

From there, it slowly veered into Southern 

Anatolia and Northeastern Africa during 

the next 10,000 years. By 1,000 BCE, it had 

barely spread to Greece. Then, with the 

intensifying maritime connections across 

the Mediterranean, the mouse rapidly 

appeared all over the Central and Western 

Mediterranean (Cucchi et al, 2005).

Empirical evidence
To analyse whether this increased trade 

also caused growth, we exploit the fact 

that open-sea sailing creates different levels 

of connectedness for different points on 

the coast. The shape of the coast and the 

location of islands determines how easy it 

is to reach other potential trading partners 

within a certain distance. 

We create such a measure of 

connectedness for travel via sea. Figure 1 

shows the values of this measure on a map 

and demonstrates how some regions – for 

example, the Aegean, but also southern 

Italy and Sicily – are much better connected 

than others. We use this measure of 

connectedness as a proxy for trading 

opportunities. For each 10x10km cell on the 

coast, we calculate how many other coastal 

cells can be reached by straight-line travel 

over water within 500km.

Measuring growth for an early period 

of human history is more difficult as we 

have no standard measure of income, GDP 

or even population. We measure growth 

by the presence of archaeological sites for 

settlements or urbanisations. While this is 

clearly not a perfect measure, more sites 

should imply more human presence and 

activity. We then relate the number of active 

archaeological sites in a particular period to 

our measure of connectedness.

We find a large positive relationship 

between connectedness and archaeological 

sites. The effect of connections on growth 

in the Iron Age Mediterranean is up to 

twice as large as the effects that Donaldson 

and Hornbeck (2016) find for US railroads. 

Although these results are unlikely to be 

directly comparable, the magnitudes suggest 

a large role for geography and trade in 

development even at such an early juncture 

in history.

When we repeat our analysis for 

different points in time, we find considerably 

smaller effects in the second millennium BCE 

and then a sizable increase from 750 BCE 

onwards. While this is consistent with the 

increased trade activity during the Iron Age, 

we caution that the archaeological data for 

the earlier period are sparser and appear to 

be less reliable.

The effects of connections peak around 

500 BCE and then become weaker. This 

may be due to new settlements emerging 

between 900 BCE and 500 BCE in the best-

connected locations. As the density of cities 

grew over time, new cities, which started 

later, arose in relatively worse connected 

locations as the best locations were already 

settled. We find some evidence for this 

while at the same time the best-connected 

cities persist.

This is consistent with a large body of 

work on the persistence of city locations 

(including Davis and Weinstein, 2002; 

Bleakley and Lin, 2012; Bosker and 

Buringh, 2017; Michaels and Rauch, 2018).

Note: Darker blue indicates better connected coastal locations.

Along the 
Mediterranean 
coast, locations 
that were better 
connected over 
sea display more 
archaeological 
sites, implying 
more human 
activity

Figure 1:

Log connectedness around the Mediterranean
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Not purely a Mediterranean 
phenomenon
While we have the most systematic data on 

archaeological sites for the Mediterranean, 

we also explore whether we can find 

similar effects at a world scale. For this 

exercise, we use a measure of population 

density in the first year of the common 

era, constructed by economic historians 

McEvedy and Jones (1978). This measure 

varies only at the level of modern countries, 

so we also aggregate connectedness to the 

country level.

As Figure 2 shows, there is a strong 

positive relationship between a country’s 

average connectedness and its population 

density in year 1 as well.

Conclusions
Our results suggest that connectedness 

and the associated trading opportunities 

matter for human development. Along 

the Mediterranean coast, locations that 

were better connected over sea display 

more archaeological sites. This relationship 

emerges most strongly after 1,000 BCE, 

when open-sea routes were travelled 

routinely, and trade intensified. Once 

these locational advantages emerged, the 

favoured locations retained their urban 

developments over the following centuries.
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Relationship between population density in  
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Over the last two centuries, transport 
innovations have drastically changed urban 
landscapes. Stephan Heblich, Stephen 
Redding and Daniel Sturm examine how 
the introduction of steam railways shaped the 
emerging metropolitan area of London.

The making  
of the modern 
metropolis: evidence 
from London 
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M
odern metropolitan areas 

include vast concentrations 

of economic activity, with 

Greater London and New 

York City today accounting for around 8.4 

and 8.5 million people, respectively.

These intense concentrations of 

population involve the transport of 

millions of people each day between their 

home and work, as surveyed in Redding 

and Turner (2015). Today, the London 

Underground alone handles around 3.5 

million passenger journeys per day, and its 

trains travel around 76 million kilometres 

each year (about 200 times the distance 

between the earth and the moon).

Yet relatively little is known about the 

role of these commuting flows in sustaining 

dense concentrations of economic activity. 

On the one hand, they impose substantial 

real resource costs, both in terms of time 

spent commuting and the construction 

of large networks of complex transport 

infrastructure. On the other hand, 

they are also central to the creation of 

predominantly commercial and residential 

areas, with their distinctive characteristics 

for production and consumption.

How the separation of 
workplace and residence led 
to agglomeration
Our research uses the mid-nineteenth 

century transport revolution from the 

invention of steam railways, a newly 

created, spatially disaggregated dataset for 

Greater London between 1801 and 1921, 

and a quantitative urban model to provide 

new evidence on the contribution of the 

separation of workplace and residence to 

agglomeration.

The key idea behind our approach 

is that the slow travel times achievable 

solely by human or horse power implied 

that when these were the main modes of 

transport, most people lived close to where 

they worked.

In contrast, the invention of steam 

railways dramatically reduced the time 

taken to travel a given distance, increasing 

average travel speeds from around 6 mph 

(miles per hour) for horse-drawn vehicles 

and 3 mph for walking to around 21 

mph on the train. This permitted the first 

large-scale separation of workplace and 

residence, which in turn enabled locations 

to specialise either as places to work or 

places to live.

We find substantial effects of steam 

passenger railways on city size and 

structure. Our model is able to account 

both qualitatively and quantitatively for the 

observed changes in the organisation of 

economic activity within Greater London.

London during the nineteenth century 

is arguably the poster child for the large 

metropolitan areas observed around the 

world today. In 1801, London’s built-up 

area housed around 1 million people 

and spanned only five miles east to west. 

In contrast, by 1901, Greater London 

contained over 6.5 million people, 

measured more than 17 miles across, and 

was on a dramatically larger scale than any 

previous urban area.

By the beginning of the twentieth 

century, London was the largest city in the 

world by some margin (with New York City 
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values for employment by workplace and 

commuting patterns. Although we estimate 

the model’s commuting parameters using 

1921 information alone, we find that its 

predictions provide a good approximation to 

the available historical data.

As Figure 2 shows, we find that the 

model captures the sharp divergence 

between the night-time and day-time 

population in the City of London from the 

mid-nineteenth century onwards. We also 

find that the model replicates the property 

of early commuting data that most people 

lived close to where they worked at the 

dawn of the railway age.

Our methodology holds in an entire 

class of urban models, because it uses only 

the assumptions of gravity in commuting 

and land market clearing, together with the 

requirements that payments for residential 

floor space are proportional to residential 

income and payments for commercial floor 

space are proportional to workplace income. 

and Greater Paris having populations of  

3.4 and 4 million, respectively), and 

London’s population exceeded that of 

several European countries.

Furthermore, London developed 

through a largely haphazard and organic 

process during this period, which suggests 

that both the size and structure of the city 

responded to decentralised market forces. 

Therefore, nineteenth century London 

provides a natural testing ground for 

assessing the empirical relevance of models 

of city size and structure.

The impact of steam railways 
on the organisation of 
economic activity 
We begin by providing several pieces of 

evidence on the impact of steam railways 

on the organisation of economic activity 

within Greater London. We first establish 

changes in parish population growth rates 

that coincide closely with the arrival of the 

railway. We next show that these changes 

in population growth are heterogeneous 

across parishes.

Figure 1 shows average population 

growth in the 30 years after the arrival of 

a railway station minus average population 

growth in the 30 years before its arrival. 

As is apparent from the figure, we find 

that more central parishes (as measured 

by distance to the Guildhall in the City of 

London) experience a decline in population 

growth relative to more suburban parishes, 

consistent with the railway redistributing 

residential population within Greater 

London.

To interpret this evidence, we develop a 

new procedure for an entire class of urban 

models characterised by a ‘gravity equation’ 

for commuting. Although we only observe 

bilateral commuting flows between the 99 

boroughs within the boundaries of Greater 

London at the end of our sample period 

in 1921, we show how this framework 

can be used to estimate the impact of the 

construction of the railway network.

In a first step, we use our bilateral 

commuting data for 1921 to estimate the 

parameters that determine commuting 

costs. In a second step, we combine these 

parameter estimates with historical data on 

population, land values and the evolution of 

the over- and underground railway network 

going back to the early nineteenth century.

Using a combined commuter and land 

market clearing condition in the model, we 

solve for the implied unobserved historical 

Figure 1:

Changes in parish population growth rates between the  
30-year period after the arrival of a railway station and  
the 30-year period before its arrival
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An implication of this property is 

that our results hold under a range 

of assumptions about other model 

components, such as the costs of trading 

goods, the determinants of productivity 

and amenities including the strength of 

agglomeration forces, the supply of floor 

space and changes in economic conditions 

in the rest of the country.

Given the data for the initial 

equilibrium in 1921, we show that the 

observed changes in population and land 

values are sufficient statistics in the model 

for determining historical workplace 

employment and commuting patterns, and 

control for other potential determinants of 

the spatial distribution of economic activity.

While our baseline quantitative analysis 

controls for these other forces, another key 

question of interest is the counterfactual 

of what would have been the effect of the 

new commuting technology in the absence 

of any other changes.

To address this question, we make 

additional assumptions about these 

other model components, and pick one 

quantitative model within our class of 

urban models in order to solve for a 

counterfactual equilibrium. In particular, we 

choose an extension of the canonical urban 

model of goods trade and commuting 

following Ahlfeldt et al (2015), which is 

particularly tractable, and enables us to 

explore alternative assumptions about 

structural parameters in a transparent and 

flexible way.

Holding the supply of floor space, 

productivity and amenities constant, we 

This article summarises ‘The Making of the 

Modern Metropolis: Evidence from London’ by 

Stephan Heblich, Stephen Redding and Daniel 

Sturm, CEP Discussion Paper No. 1573 (http://

cep.lse.ac.uk/pubs/download/dp1573.pdf).

Stephan Heblich of the University of Bristol 

is a research associate in CEP’s urban 

programme. Stephen Redding of Princeton 

University and Daniel Sturm, LSE professor 

of economics, are research associates in  

CEP’s trade programme. 

Further reading

Gabriel Ahlfeldt, Stephen Redding,  

Daniel Sturm and Nikolaus Wolf (2015)  

‘The Economics of Density: Evidence from 

the Berlin Wall’, Econometrica 83(6): 2127-89 

(earlier version available as CEP Discussion 

Paper No. 1154: http://cep.lse.ac.uk/pubs/

download/dp1154.pdf).

Stephen Redding and Matthew Turner 

(2015) ‘Transportation Costs and the Spatial 

Organization of Economic Activity’, in 

Handbook of Urban and Regional Economics, 

Volume 5 edited by Gilles Duranton, Vernon 

Henderson and William Strange, Elsevier.

Figure 2:

Day-time and night-time population in the City of London 
in the data and our theoretical model
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Without the 
railway network, 

Greater London’s 
population would 
have been at least 
30% lower in 1921

find that removing the entire railway 

network reduces the total population 

and rateable value of Greater London by 

30% and 22% respectively, and decreases 

commuting into the City of London from 

more than 370,000 people in 1921 to less 

than 60,000.

By comparison, removing only the 

underground railway network diminishes 

the total population and rateable values 

for Greater London by 8% and 6% 

respectively, and brings down commuting 

into the City of London to just under 

300,000 workers.

In both cases, the changes in the 

net present value of land and buildings 

substantially exceeds historical estimates 

of the construction cost of the railway 

network. Allowing the supply of floor 

space to respond to changes in its price 

or introducing agglomeration economies 

magnifies these effects.

Calibrating the responsiveness of the 

supply of floor space using the observed 

data, and assuming values for the strength 

of agglomeration forces in line with existing 

empirical estimates, we find that much of 

the aggregate growth of Greater London 

can be explained by the new transport 

technology of the railway.

Concluding remarks
Taken together, we find that a class  

of quantitative urban models is remarkably 

successful in explaining the large-scale 

changes in the organisation of economic 

activity observed in nineteenth  

century London.

Our findings highlight the role 

of modern transport technologies in 

sustaining dense concentrations of 

economic activity. We show that these 

transport networks explain the sharp 

separation of workplace and residence 

observed today and were responsible 

for a substantial proportion of London’s 

aggregate population growth and increases 

in the value of land and buildings over 

the period 1801 to 1921. These increases 

in the value of land and building are 

substantially greater than historical 

estimates of the construction costs of  

these networks.
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The US travel ban on people from several 
Muslim-majority countries sparked an 
outcry from businesses about their ability 
to recruit and retain talent. Kilian Huber, 
Volker Lindenthal and Fabian Waldinger 
analyse the effect of the Nazis’ purge of 
Jewish managers from German firms to 
understand the economic consequences of 
such discriminatory policies. 

Measuring the 
economic costs  
of discrimination: 
insights from Nazi Germany
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T
alented individuals are often 

excluded from leadership 

positions if they belong to a 

group that faces discrimination. 

Such discrimination is, of course, extremely 

hurtful and unfair to the individuals. But is it 

also costly in a more general sense?

In particular, do corporations 

become less profitable when they adopt 

discriminatory attitudes and exclude highly 

qualified individuals from leadership roles? 

How much do entire economies suffer 

when governments enact discriminatory 

policies against certain groups?

Recent political events have underscored 

the importance of these questions. For 

example, the American travel ban on citizens 

of several Muslim-majority countries raised 

fears among US corporations (including 

Amazon, Nike and MasterCard) that 

increasing discrimination will leave them 

unable to recruit and retain talent. In Turkey, 

several thousand executives who follow the 

cleric Fethullah Gülen have been arrested 

or have fled overseas since 2016, fuelling 

concerns of an economic collapse. 

History is rich with examples of such 

discrimination. For example, the US 

government gave in to ‘race prejudice’ and 

forcibly interned Japanese-Americans during 

the Second World War. The entrepreneurial 

Huguenots had to flee seventeenth century 

France due to religious persecution. The 

economic costs of discrimination are 

also important if we want to assess the 

benefits of government policies that help 

discriminated groups to break the ‘glass 

ceiling’ to reach leadership positions.

Despite the importance of the issue, 

we currently have little evidence on how 

costly discrimination against highly qualified 

individuals in leading positions can be. Our 

research breaks new ground by measuring 

the economic losses caused by such 

discrimination.

Specifically, we analyse discrimination 

against senior managers with Jewish  

origins in Nazi Germany. Using this 

unique setting and new data on individual 

managers and corporations, we study how 

the share prices and profitability of firms 

evolved when the Jewish managers were 

removed from the German economy due  

to rising anti-Semitism.

The exclusion of Jewish 
managers from firms  
in Nazi Germany 
We collect new data on almost 30,000 

managerial positions in German firms listed 

on the Berlin Stock Exchange. Managers 

of Jewish origin (either practicing Jews 

or Christians with a Jewish ancestor) 

held around 15% of senior management 

positions in 1928 and 1932 (see Figure 1).

After the Nazis gained power on 30 

January 1933, discrimination against Jews 

became commonplace in Germany. Many 

firms voluntarily dismissed managers of 

Jewish origin or were coerced into removing 

them by Nazi officials. Deutsche Bank, 

for example, forced chief executive Oscar 

Wassermann and executive board member 

Theodor Frank to resign their positions by 

1 June 1933. By 1938, virtually no Jewish 

managers remained in firms listed in Berlin.

We analyse firms that had employed 

Jewish managers in 1932 and lost  

them after the Nazis took power. Many 

firms that the public did not perceive to be 

‘Jewish’ happened to employ managers 

of Jewish origin (such as Allianz, BMW, 

Daimler-Benz and IG Farben). We compare 

these firms to other firms that had not 

employed any managers of Jewish origin 

and, therefore, remained unscathed by the 

removal of Jewish managers due to the  

Nazi ideology. 

The effects on the 
characteristics of firms’ 
senior management
In our first set of results, we show that 

losing the Jewish managers changed 

the observable characteristics of senior 

managers at firms that had employed 

Jewish managers in 1932. The number of 

managers with managerial experience and 

university degrees, and the total number 

of connections to other firms (measured 

by seats on other supervisory boards) fell 

significantly.

The effects on all management 

characteristics persisted at least until the 

end of our sample period in 1938.

Notes: The figure reports the percentage of senior management positions that were held by 

Jewish managers in firms listed on the Berlin Stock Exchange.

Figure 1:

Percentage of Jewish managers over time
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The removal of 
Jewish managers 
in Nazi Germany 
reveals the 
wider economic 
impact when 
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enact 
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This article summarises ‘Discrimination, 

Managers, and Firm Performance: Evidence 

from “Aryanizations” in Nazi Germany’  

by Kilian Huber, Volker Lindenthal and  

Fabian Waldinger, CEP Discussion Paper No. 

1599 (http://cep.lse.ac.uk/pubs/download/

dp1599.pdf).

 

Kilian Huber of the University of Chicago is 

a research associate in CEP’s labour markets 

programme. Volker Lindenthal and Fabian 

Waldinger are at the University of Munich.

Notes: The blue dots show the effect of losing Jewish managers for the average firm with Jewish 

managers, relative to a firm without Jewish managers. The average firm with Jewish managers lost 

22% of its managers after 1933. The pink, broken lines represent 95% confidence intervals.

Figure 2:

The effect of losing Jewish managers on share prices
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The effect on share prices
In our second set of results, we show 

that the share prices of firms with Jewish 

managers fell sharply after the Nazis 

grabbed power in 1933, when the Jewish 

managers started to leave their firms (see 

Figure 2). These losses persisted until the 

end of the share price sample period in 

1943, ten years after the Nazis had gained 

power. The share price of the average 

firm that had employed Jewish managers 

in 1932 (where 22% of managers had 

been of Jewish origin) declined by about 

12% after 1933, relative to a firm without 

Jewish managers in 1932.

It is striking that our estimated short-

run effect of losing Jewish managers is 

close to the initial share price responses 

to the exits of prominent managers in 

recent times. For example, after Apple 

chief executive Steve Jobs took permanent 

medical leave in 2011, his company’s 

shares fell by 6%. When Fiat Chrysler chief 

executive Sergio Marchionne stepped down 

due to surgery in 2018, the company’s 

shares lost 5%.

Our data allow us to investigate the 

channels through which the loss of the 

Jewish managers affected share prices. 

Share prices declined only for firms where 

the removal of the Jewish managers led to 

large losses in the number of university-

educated managers and managerial 

connections (measured by seats on other 

supervisory boards). Share prices did  

not fall significantly when the removal of 

the Jewish managers hardly affected these 

two measures.

The effect on dividends and 
returns on assets
In our third set of results, we analyse the 

effects of losing Jewish managers on two 

additional measures of firm performance: 

dividend payments and returns on assets. 

We find that after 1933, dividend payments 

fell by approximately 7.5% for the average 

firm with Jewish managers in 1932 (which 

lost 22% of its managers). We also find 

that after 1933, the average firm that 

had employed Jewish managers in 1932 

experienced a decline in its return on  

assets by 4.1 percentage points. These 

results indicate that the loss of Jewish 

managers also led to real losses in firm 

efficiency and profitability.

Aggregate implications and 
conclusion
Our findings inform our understanding of 

how the rise of a discriminatory ideology 

can cause real economic harm. A back-

of-the-envelope calculation suggests that 

excluding the Jewish managers reduced the 

aggregate market valuation of firms listed 

in Berlin by 1.8% of German gross national 

product, a first-order economic loss.

Arguably, our study focuses on the 

most severe form of discrimination against 

a particular group of individuals, but even 

less severe forms of discrimination can lead 

to a loss of talent. As highlighted above, 

the US travel ban and the persecution  

of Turkish executives are current examples 

of rising discrimination that are likely to 

affect firms.

Even the perception of not being 

welcome in a country may lead to the 

outflow of high-skilled individuals. For 

example, there are many reports of highly 

paid continental Europeans planning to 

leave the UK in the coming years as a 

consequence of Brexit. The results in our 

study indicate that such an exodus could 

significantly hurt firms and the economy.

Excluding 
Jewish managers 

reduced the 
aggregate market 

valuation of  
firms listed in 

Berlin by 1.8% of 
German output
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The government could place the UK’s 
long-term economic prosperity at risk if 
it does not put action on climate change 
and sustainability at the heart of its growth 
strategy. That is the central message 
of a special report for the LSE Growth 
Commission, summarised by lead authors 
James Rydge, Ralf Martin and Anna Valero.

P
romoting strong, sustainable 

and inclusive growth is a 

priority for all governments, 

reflecting the need to drive 

improvements in labour and resource 

productivity through more and better 

investments in innovation, infrastructure 

and skills. Our report shows why it is 

sensible for environmental sustainability 

to be at the heart of the UK’s growth 

strategy and how this can be achieved. 

The pursuit of sustainable growth 

and the ‘low-carbon transition’ provides 

opportunities for investment that are 

likely to improve productivity across 

communities and regions. At its essence, 

our report is about managing change and 

shifting resources from low-productivity, 

slow-growing sectors to high-productivity 

sectors with strong prospects for future 

growth. It is not about costs and burdens, 

but investments with attractive returns.

The transition to a low-carbon 

economy and sustainable growth is highly 

likely. Action is urgently needed to avoid 

‘lock-in’ to high-carbon investments, 

institutions and behaviours: the longer 

we wait, the costlier the transition will 

be, due to both higher economic costs 

and climate change. The rapid pace of 

technological change and lessons from 

past technological transformations make 

it clear that achieving a ‘net-zero-carbon’ 

Sustainable 
growth in the UK

economy is entirely consistent with 

continued strong growth of GDP. 

This does not mean that action on 

climate change will all be ‘win-win’. 

Achieving net-zero-carbon and a full 

decoupling of scarce environmental 

resources from output will require some 

tough decisions and trade-offs involving 

material consumption. The extent and  

cost of these trade-offs will depend, 

in part, on how well the government 

manages the transition – and our 

report, detailed below, makes clear 

recommendations on this front.

But while discussion of these trade-

offs continues, the UK should already 

enact the up-to-90% reductions in levels 

of greenhouse gases that recent work by 

New Climate Economy estimates can be 

achieved at net-zero-cost (or even positive 

gains) to GDP, relative to achieving a 

target of limiting global warming to 2°C. 

The case for early and strong growth-

enhancing action is strong.

The UK government recognises the 

economic opportunities from ‘clean 

growth’ and a net-zero-carbon economy, 

as evidenced by its Industrial Strategy 
and its Clean Growth Strategy. But it is 

essential that these are integrated into 

one coherent strategy that considers 

sustainable growth everywhere.

Policies need to go beyond a static 

focus on a single, narrowly-defined low-

carbon sector that contributes around 1% 

of GDP today, while the other 99% of the 

economy gets on with the real business of 

growth.

Future growth is about sustainable 

growth and a net-zero-carbon economy 

that is resilient to the changes that are 

likely to characterise the twenty-first 

century. It will involve all economic sectors 

and regions, and it has the potential 

to empower local communities, foster 

entrepreneurship and improve living 

standards across society.

The challenge for policy-makers is to 

design effective institutional and policy 

frameworks, with coherent incentives that 

drive improvements in labour and resource 

productivity and sustainable growth across 

the economy, while also limiting the risks 

of disruption and dislocation from the 

low-carbon transition.

These institutions and policies should 

encourage investment across a diverse set 

of complementary assets; for example, 

investment in educational or research 

institutions located next to transport hubs 

(think of science hubs by Cambridge 

rail station or the Crick Institute near St 

Pancras International). They should also 

promote economic flexibility and the 

capacity to diffuse and absorb knowledge 

and innovation. 
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Four policy priority areas
Our report examines institutional and policy 

priorities in four key mutually supportive 

areas: innovation, infrastructure, skills and 

cities – all areas that are home to the UK’s 

key assets, are recognised as crucial drivers 

of productivity growth, and are also likely 

to be determinants of the country’s success 

at managing the low-carbon transition. 

Moreover, these are areas where many 

of the UK’s strengths apply and can be 

leveraged – including the development of 

cutting-edge technologies and financial 

services – but where the UK can also do 

better than it has in the past.

Innovation 
Innovation is fundamental for productivity 

and growth, and for getting the most out 

of the resources we have. But innovation 

is generally underprovided by the private 

sector because of ‘knowledge spillovers’, 

which discourage firms from investing 

in research and development (R&D): 

innovations by one will potentially ‘spill 

over’ and provide valuable information that 

leads to new inventions in others.

This market failure justifies government 

intervention to increase the rate of 

innovation, via direct investment and 

incentives for private sector investment. 

What’s more, government can influence 

the direction of new innovations, such 

that they are consistent with sustainable 

growth.

As a share of GDP, UK R&D spending 

– both public and private – is consistently 

lower than that of its peers. R&D on energy 

technologies is particularly low by historical 

standards, at under 0.02% of GDP today, 

compared with around 0.1% in the early 

1990s. 

Evidence suggests that spillovers 

generated by low-carbon innovation may 

be significantly higher than for high-carbon 

technologies, increasing the potential for 

low-carbon R&D to raise productivity and 

growth relative to a high-carbon scenario.

For example, there is evidence that 

spillovers from low-carbon innovation 

in the energy production and transport 

sectors are over 40% greater than from 

conventional technologies. Innovation 

spillovers are therefore a useful metric for 

assessing where government R&D support 

should be targeted, and could be more 

effective and forward-looking than metrics 

based on comparative advantage alone. 

Our analysis of innovation, based on 

patent data, seeks to assess which sectors 

have a comparative advantage in the 

UK and which are prone to productivity-

boosting domestic technology spillovers. It 

finds that some sectors – such as marine 

energy – fulfil both criteria and yet are 

subject to diminishing support by the UK 

government. Others, such as support for 

clean vehicles, must be carefully considered 

as they are unlikely to have as many 

benefits for UK productivity. 

Beyond innovation, promoting the 

diffusion and uptake of low-carbon 

technologies requires carefully designed 

policies to tackle the market failures 

that hold them back, including unpriced 

greenhouse gases, finance constraints and 

incomplete information. A priority area 

for reform is carbon pricing. As the UK 

redefines its relationship with Europe and 

the rest of the world, it would be sensible 

to revisit carbon pricing and adopt a 

broader and more effective domestic policy.

Innovations are also increasing the 

potential for ‘circular economy’ business 

models that radically improve resource 

productivity. Extensive expansion of 

circular economy activities in the UK 

could create around half a million jobs, 

reduce unemployment by over 100,000 

and potentially offset close to 20% of the 

expected loss in skilled employment over 

the next decade from globalisation and 

industrial change.

Policy recommendations
n Bring together existing growth and 

green innovation strategies – in particular 

the innovation priorities in the Industrial 
Strategy and the Clean Growth Strategy – 

to ensure low-carbon and resource- 

efficient innovation is embedded 

throughout the economy. 

n Develop UK research priorities  

based on a range of metrics, including 

positive technology spillovers, rather  

than comparative advantage alone.  

This approach suggests high productivity 

benefits from R&D support for areas 

such as efficient aviation and marine 

technologies. 

n Create a clear and credible carbon 

price across the economy, both to replace 

today’s less efficient and long-established 

patchwork approach to reducing emissions, 

and to increase the coherence of incentives 

to help shift expectations towards low-

carbon innovation.

n Work together with ‘hard-to-

decarbonise’ sectors to create roadmaps 

for achieving a circular economy by 2050, 

which includes measures such as lower 

taxes on reused materials, and which are 

designed to deliver substantial increases in 

resource productivity.

The UK 
government’s 
Industrial 
Strategy and 
Clean Growth 
Strategy should 
be combined to 
create coherent 
policies on 
innovation, 
infrastructure, 
skills and cities

CentrePiece Spring 2019

26



Infrastructure
Infrastructure creates networks that spur 

creativity, innovation and productivity 

across key economic assets and systems, 

thereby linking cities and regions. It is an 

essential input for sustainable and inclusive 

growth. For example, evidence suggests 

that a 10% increase in the broadband 

penetration rate in OECD countries from 

1996 to 2007 resulted in a 0.9-1.5% 

increase in annual per capita growth. 

Infrastructure is long-lived and locks 

in emissions and resilience patterns for 

decades. Like innovation, infrastructure is 

likely to be underprovided by the private 

sector, making government support 

essential. Market failures around finance 

and coordination, in particular due to 

the long-term, large-scale and high-risk 

nature of infrastructure projects, make 

infrastructure projects less feasible for 

private industry to undertake.

The UK’s infrastructure is not fit for 

the twenty-first century due to years of 

underinvestment. Public investment in 

infrastructure as a share of GDP is lower 

than in Canada, France, Switzerland and 

the United States, and has been since the 

late 1970s. What’s more, the perceived 

quality of UK infrastructure assets is 

below that of other G7 countries. This 

is constraining aggregate growth and 

regional development. 

Government action to strengthen the 

relevant institutions and policies would 

‘crowd in’ investment in sustainable 

infrastructure. Investing in the right 

institutions is key; investing in the wrong 

institutions or underinvesting in the 

right ones can leave institutional assets 

stranded. Scaling private finance for 

sustainable infrastructure investments is 

also needed and is likely to require systemic 

transformation of the finance sector.

The work of bodies like the Green 

Finance Initiative is crucial here. Now is the 

time to invest. With positive social returns 

on these investments and historically 

low real interest rates, there is strong 

evidence that such investments will pay for 

themselves in the long run. 

While sustainable infrastructure may 

require higher upfront capital – these 

investments will not be costless and 

not all will pay off quickly – in most 

cases the social payback period will be 

fast and the dynamic benefits to the 

economy significant. By contrast, the risks 

associated with delaying such investment, 

including lock-in to high-carbon assets and 

institutions, are high. 

Policy recommendations 
n Bring together the Industrial Strategy 
and the Clean Growth Strategy to create 

one coherent strategy for sustainable 

infrastructure investment across the 

economy.

n Develop and publish a pipeline of clean 

and sustainable infrastructure investments. 

This would contribute to meeting the 

UK’s 2050 decarbonisation targets, avoid 

locking into capital assets that could 

render the UK uncompetitive or require 

scrapping/retrofitting, and be consistent 

with the recommendations of the National 

Infrastructure Commission and other 

relevant statutory bodies. 

n Establish a National Infrastructure Bank, 

with an explicit sustainability mandate, 

which can both signal the scale and type 

of sustainable finance needed from the 

private sector and use a range of financial 

instruments to ‘crowd in’ private finance.

n Develop a governance structure for 

infrastructure that empowers local 

authorities, enabling coordination of 

infrastructure investments across regions 

and cities, in particular across housing and 

related infrastructure investments. Prioritise 

regions where productivity would be most 

responsive to higher capital intensity, and 

where network and agglomeration effects 

can be exploited to support low-carbon 

innovation hubs.

Skills 
Workforce skills and ‘human capital’ more 

broadly are key drivers of labour productivity 

and crucial for improving economic 

opportunities and social mobility. As the 

low-carbon transition intertwines with 

emerging technologies such as artificial 

intelligence, the nature of work and skills 

needed could change radically and rapidly.

If the transition is managed badly, there 

is potential for disruption and hardship for 

workers, and constraints on growth. Poor 

policy decisions will mean locking individuals 

and communities into outdated skills and 

human capital, which can be left stranded or 

devalued as the world moves on.

A key role for government is to create 

a strong institutional framework and sound 

policies for flexible labour markets and a 

‘just transition’ for workers. This will be 

necessary during a process of creative 

destruction in which the demand for some 

occupations or skills might disappear and 

demand for new low-carbon jobs will 

emerge.

Universities, colleges, schools and 

employers have key roles to play in 

equipping workers to deal with and 

embrace inevitable change throughout their 

lives. Equipping people with the right skills 

and resilience to changing labour markets 

can limit the harm to people’s lives and 

Developing smart 
cities across the 
UK is crucial for 
improving the 
performance of 
the regions
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livelihoods from potential and actual job 

displacement.

Investors and financial markets, as 

stewards of assets and allocators of capital, 

can also make a valuable contribution to 

achieving a just transition. This can help to 

maximise productivity gains from the low-

carbon transition.

Policy recommendations 
n Bring together the Industrial Strategy 
and the Clean Growth Strategy to create a 

single forward-looking and coherent plan 

for strengthening the UK’s human capital 

for the low-carbon transition. This would 

coordinate investments across all levels 

of government and institutions, including 

across all stages of education, with the aim 

of maximising adaptability to technological 

change, fostering entrepreneurship  

and increasing the ability of workers to 

re-skill or up-skill through lifelong learning. 

There should be a particular focus on 

improving outcomes and opportunities for 

disadvantaged students.

n Devise targeted employment transition 

policies in areas at high risk of disruption 

from the forces of change, such as 

Northeast England and South Wales, to 

improve the resilience of local communities. 

n Ensure education institutions are 

responsive and flexible as the low-carbon 

transition accelerates and the demand for 

skills shifts, by working closely with other 

economic, environmental, technological and 

social institutions. This will require better 

data for assessing employment changes and 

shifting demand for skills.

n Help firms to overcome barriers to 

in-house training through tax credits and 

partnerships with education providers.

Cities 
Cities are central to the UK’s economic and 

social success. Around 55% of UK residents, 

around 35 million people, live in cities and 

the four largest – London, Birmingham, 

Manchester and Glasgow – are home to 

almost a quarter of the total population.

Cities are areas where physical and 

human capital combine to spur creativity 

and innovation, which is particularly 

important in the UK’s service-driven 

‘knowledge economy’. As hubs of 

productivity and economic growth, the 

government has rightly positioned them at 

the centre of UK growth strategy.

UK cities face considerable sustainability 

challenges, including congestion, air 

pollution, urban sprawl and the impact of 

climate change such as flooding. The nature 

of these challenges implies a crucial role for 

local and national government in tackling 

them. Well-planned and governed cities 

that are compact, efficient, interconnected 

and make appropriate use of technology 

– so-called ‘smart cities’ – can maximise 

agglomeration economies, benefitting the 

flow of people, ideas, creativity and low-

carbon innovation.

Developing smart cities is crucial for 

improving the performance of the regions. 

Progress on development in the North, for 

example, can be accelerated through further 

devolution of political and fiscal powers. 

This would enable local residents to have 

a greater say in investment plans for the 

smart cities where they will live. There is no 

trade-off between sustainability and growth 

at the urban level: polluted, congested, 

unattractive cities create alienation and fail 

to attract skilled labour and capital.

Policy recommendations
n Commit to investment in smart cities 

across all UK regions. This commitment 

could be supported by a national smart 

city strategy, which sits at the heart of 

government and is overseen by a high-level 

cross-ministerial committee. This should 

be coordinated and aligned with local 

industrial strategies, local city development 

and decarbonisation plans, and aligned 

with national emissions reduction 

commitments. 

n Foster deeper partnerships between 

universities, business and local policy-

makers, to help build on local strengths or 

address local weaknesses. 

n Devolve greater policy and fiscal 

autonomy to cities and regions, while 

concurrently building their fiscal 

capabilities, building on the Cities and 

Local Government Devolution Act 2016 

and other recent moves to empower cities. 

This will enable local communities to have 

a greater say in future investment plans for 

the smart cities where they will live. 

n Encourage creativity and experimentation 

around policies for productivity and 

sustainable growth and improve evidence, 

evaluation and data collection to gain a 

better understanding of what works. 

There are no guarantees that investing in 

a coordinated set of policies to manage 

a low-carbon future will boost the UK’s 

productivity performance. But the evidence 

suggests that a more sustainable and 

inclusive growth path will bring great 

opportunities.

What’s more, the alternative of 

investing in high-carbon, resource-intensive 

infrastructure, behaviours and institutions 

will be an economically and socially risky 

proposition, potentially to the detriment of 

the economy and UK citizens. The risks of 

inaction go well beyond climate change, 

and could see the country left behind in a 

rapidly changing world. 

We conclude that although there 

are uncertainties with every option, a 

rigorous risk management strategy should 

acknowledge the likelihood that the future 

will be resource-efficient and low-carbon. The 

UK should capitalise on its strengths in the 

development of cutting-edge technologies 

and financial services, and grasp the 

opportunities from sustainable growth. 

This article summarises ‘Sustainable Growth 

in the UK: Seizing Opportunities from 

Technological Change and the Transition 

to a Low-carbon Economy’, a special report 

for the LSE Growth Commission published 

jointly by CEP, the ESRC Centre for Climate 

Change Economics and Policy and the 

Grantham Research Institute on Climate 

Change and the Environment at LSE (http://

www.lse.ac.uk/GranthamInstitute/wp-content/

uploads/2018/12/Sustainable-Growth-in-the-

UK_Full-Report_78pp.pdf).

The lead authors are James Rydge, who is at 

the Grantham Research Institute; Ralf Martin 

of Imperial College Business School, who is 

director of CEP’s growth programme; and 

Anna Valero, ESRC Innovation Fellow at CEP.
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