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Abstract: The Lincoln Institute of land Policy published an edited book “Infrastructure 

Economics and Policy: International Perspectives” in early 2022. This paper summarizes the 

key messages of the book. Based on the extensive research and practical experience discussed 

in the book, the paper proposes six principles to guide the 21st Century infrastructure 

investment for both developed and developing economies. 

  .  

 

I. Infrastructure Policy Issues 

 

Researchers and policy makers have long sought to understand how and when infrastructure 

development can stimulate economic growth, reduce poverty, shape cities, and promote 

regional integration. Infrastructure also raises difficult questions of the roles of the public and 

private sectors in providing, financing, or regulating services, especially given the capital 

intensity of infrastructure and its essentiality to modern every-day life. Also of intense interest 

are the appropriate methods for evaluating infrastructure investments and the challenges that 

climate change, automation, the sharing economy, and the covid pandemic will bring to 

infrastructure. 

 

These and related issues are the subjects of a Lincoln Institute book we edited, Infrastructure 

Economics and Policy: International Perspectives. 1  While the book is designed to be 

accessible to both researchers and policy makers, we felt that some readers would appreciate a 

shorter working paper version, titled Infrastructure Policy Perspectives, that summarizes the 

implications of the book for national, regional and local infrastructure policy. The topics are 

presented in a similar order as that of the book to make it easier to switch between versions. 

The book’s table of contents is included in the Appendix to this working paper. 

 

II. Infrastructure, Economic Growth, and Poverty Reduction 

 

Infrastructure Stocks and Macroeconomic Performance across Countries 

 

A key reason for the interest of policy makers and the public in infrastructure is that 

infrastructure is often thought by many to be essential to economic growth and poverty 

reduction. Chapter 2 of the book, written by former Lincoln Institute President Gregory K. 

Ingram and Lincoln Institute Senior Fellow Zhi Liu, reviews empirical studies of the 

 
1 José A. Gómez-Ibáñez and Zhi Liu (ed.), Infrastructure Economics and Policy: International Perspectives, 
Cambridge, Massachusetts: Lincoln Institute of Land Policy, 2022. 
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relationship between infrastructure and economic growth. They report that the estimated effects 

of infrastructure investment on economic growth vary significantly among countries and 

sectors, but are generally positive. These positive effects are larger in developing countries than 

developed countries, and larger in electricity and telecommunications than in transportation. 

Moreover, the empirical studies reviewed suggest that the performance or efficiency of 

infrastructure is a very important determinant of its economic impacts.  

 

Ingram and Liu also review the empirical analyses of the short-run multiplier effects of 

infrastructure investment. These analyses find little to no short-term economic impact, even 

when the long-term economic impacts are clearly positive. The small multipliers are due in part 

to the substantial time required to undertake and complete construction and in part to the 

crowding out of private investment by government investment. While the increased public 

spending for infrastructure investment can help reduce unemployment by creating jobs for low-

skilled workers, many of today’s construction workers are in fact highly skilled. These findings 

suggest that the chance for such spending to boost the economy is limited, especially in the 

short run. 

 

Infrastructure and the Poor 

 

In Chapter 3, authors Sameh Wahba, Somik Lall, and Hyunji Lee of the World Bank analyze 

the global evidence and literature on the relationship between infrastructure and poverty. They 

argue that the poor suffer most from a lack of access to infrastructure networks, since they must 

spend a disproportionately higher share of their income to secure basic services such as water 

or electricity from costly tankers, bottles, and batteries. While access is typically higher in urban 

areas than rural areas, many of the urban areas in developing countries are struggling to keep 

up with the infrastructure demands of rapid urbanization.  

 

The global evidence and literature reviewed by the authors also shows that investments and 

policies that promote equality in access to physical infrastructure tend to reduce income and 

spatial inequalities. However, the effectiveness of programs targeted on the infrastructure 

problems of the poor depends greatly on the details of their design. It helps if an improvement 

to physical infrastructure is coupled with complementary social policies, such as combining 

slum upgrading with reforms to dysfunctional land markets, pairing isolated rural electricity 

systems with the expansion of local educational or business opportunities, or matching basic 

sanitation facilities with public health or basic water programs. Similarly, when a new 

infrastructure facility or service is established, it is important to include a realistic plan for 

funding ongoing operations and maintenance. 

 

III. Infrastructure and Cities 

 

Decisions about infrastructure investments often have strong and long-lasting implications for 

the built environment, and vice versa. Should governments subsidize highway construction or 

public transit? Is it better to invest in the durability of rail transport or the flexibility of bus 

transport? How will these and other decisions about infrastructure affect residents and workers? 
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The relationship between infrastructure policies and the physical form and productivity of cities 

is the subject of the fourth and fifth chapters of the book. 

 

Infrastructure and the Urban Form 

 

In chapter 4, economist Edward Glaeser of Harvard University focuses on how infrastructure 

technology shapes the economic role and physical form of cities. Glaeser observes that the 

density and form of a city reflect the transportation technology prevailing at the time when the 

city was growing most rapidly. Boston is denser than Las Vegas, for example, largely because 

it grew in the era of the streetcar rather than that of the automobile. The full effects of 

technological change develop in three steps, however, and that development can take many 

decades. The first step is the invention and refinement of a new vehicle type, such as the 

wheeled wagon, the horse-drawn (and then electric) streetcar, the elevator, the subway, or the 

automobile. The second step is the construction of the urban network over which those vehicles 

operate, while the third is the building of the cities around that network. 

 

Glaeser takes as his example the automobile, which was invented in the late 19th century but 

neither comfortable, reliable nor affordable until the first decades of the 20th century, when its 

popularity exploded. The United States responded by building extensive high-performance, 

limited-access expressway systems in many cities. Those systems, in turn, stimulated the 

restructuring of urban areas in the United States in the second half of the 20th century, moving 

housing and workplaces from the central cities to the suburbs and enabling a migration from 

northern cities to the newer Sunbelt cities.  

 

Our ability to shape cities around their important highway, subway, and other transportation 

networks is limited, however, by the value and durability of the existing stock of houses and 

workplaces. A big change in transportation costs would be needed to make it worthwhile to tear 

down the existing building stock and rebuild it to a different density. Land use regulations can 

also help slow the land use response to transportation technology, especially where they favor 

the status quo. The delayed response means that, by the time we appreciate the full costs and 

benefits of the environment we are creating, it may be too late to stop it. 

 

Glaeser also illustrates several common policy choices about infrastructure and urban form. 

The first is whether the government should subsidize highway construction or public transit.   

Subsidizing highway construction and uses often encourages urban sprawl. Subsidizing public 

transit may induce people to live near, and real estate developers to build homes near, public 

transit stops, but evidence shows that the impact is much smaller in scale than that of 

subsidizing highways. In addition, in the United States, strict local land use controls often 

constrain the ability of housing developers to respond to infrastructure investments, thus 

limiting the benefits of such investments.  

 

A second policy choice is between rail and buses to provide urban public transit service. The 

choice is basically between durability and flexibility. The flexibility of bus services is an 

advantage in an uncertain world, but the durability of rail infrastructure makes real estate 
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developers feel more confident about developing around rail stations. Public transport is now 

facing a major challenge: it is an important part of any carbon emissions reduction strategy, but 

ridership has fallen since the onset of the covid pandemic. 

 

Infrastructure and the Competitiveness of Cities 

 

In chapter 5, Daniel Graham, Daniel Hörcher, and Roger Vickerman, all professors and 

researchers at Imperial College in London, explore the relationship between infrastructure and 

the competitiveness of cities. Urban concentration provides more employment opportunities to 

workers, and helps raise productivity for firms on one hand, and causes congestion and 

pollution on the hand. However, it is methodologically difficult to measure the net 

agglomeration benefits. 

 

To do so and for analytical simplicity, the authors assume a city where residential and workplace 

locations are fixed and infrastructure affects only the productivity of city workers and the levels 

of congestion and pollution on the approaches to the central business district. Their main 

propositions are that urban agglomerations generate both positive and negative externalities and 

that the failure to consider them together may lead to poor investment and pricing decisions. 

The positive externalities stem primarily from increases in worker productivity as the 

agglomeration grows, but also from the realization of economies of scale in provision of urban 

public transit services; the negative externalities stem from increases in traffic congestion, 

pollution, and accidents. 

 

The authors describe the considerable challenges of empirically estimating the agglomeration 

benefits. They report their own estimates of the effects of agglomeration size on productivity, 

estimates which have been endorsed by the U.K. government for use in the cost-benefit analysis 

it requires. Traditionally most urban economists have estimated (or assumed) that the 

agglomeration benefits and public transit scale economies are too small to offset the congestion 

and pollution externalities so that the efficient use of infrastructure would be increased if 

motorists were charged a congestion toll for travel into congested locations during rush hour. 

Such tolls have proven to be politically unpopular with motorists, however, who often argue 

that they have few alternatives to driving and, consequently, have been adopted in only a 

handful of large cities (Singapore, London, and Stockholm). The authors note that if the 

agglomeration benefits and transit scale economies were included, the congestion toll would 

probably be lower, although probably not by enough to change the politics of congestion tolls. 

These are the kinds of factors cities must consider as they make decisions about infrastructure 

investment and pricing and subsidies. 

 

IV. Infrastructure Appraisal, Biases, and Politics 

 

Given the high cost of infrastructure investments, picking the right projects is important. Three 

chapters in the book describe how cost-benefit analysis has come to be almost universally 

applied by governments and international financial institutions for evaluating infrastructure 

projects, despite some notable limitations, and how biases and politics affect investment 
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decisions. 

 

The Development of Evaluation Methods for Infrastructure Projects 

 

Don Pickrell, chief economist at the U.S. Department of Transportation’s Volpe National 

Transportation Systems Center, describes the evolution and methodological challenges of cost-

benefit analysis in chapter 6 on economic evaluation. As he explains, a mid-19th-Century 

French engineer, Jules Dupuit, is widely credited as the originator of cost-benefit analysis. 

Dupuit’s main concern was to determine whether the investment in a new infrastructure facility, 

such as a bridge, was worthwhile; he proposed that the test should be whether the benefits to 

the bridge’s direct users—for example, their savings in time, labor, fuel, and other inputs—

exceeded the cost of building and maintaining the bridge. 

 

The focus on direct user benefits has long been criticized by some for ignoring the wider 

economic impacts of infrastructure. Proponents of the wider impact approach argue that the 

time savings and other benefits to direct users may be passed on to downstream firms, allowing 

them to implement further productivity improvements. They argue that ignoring these impacts 

will understate the benefits of the project to society as a whole. Pickrell explains that over the 

years, researchers have attempted to measure these wider economic impacts by building models 

of the entire economy that include estimates of the effects of changes in the productivity of 

infrastructure on the productivity of other sectors  

 

This approach—of building models to estimate both the direct and wider economic impacts of 

a project—did not prove popular with researchers or governments, at least until some renewed 

interest in the last decade. Pickrell speculates that the use of these economy-wide models was 

discouraged in part by the need to estimate, or assume, so many parameters. The models are 

also less suitable for choosing from a number of individual infrastructure projects—the task 

with which officials were typically charged—than for evaluating economy-wide reforms. 

 

Skeptics of the approach also argued that the wider economic impacts identified were often not 

new and additional impacts, but rather transfers of impacts from the direct users to other parties. 

The opening of a new bridge, for example, usually stimulates an uptick in property values and 

the construction of new housing or other developments nearby. In such cases land values and 

housing supply increase primarily because the bridge makes travel between some locations 

faster. To count the property value or new housing as benefits along with the travel time savings 

to the direct users would be to count the same benefit twice. 

 

In practice, a consensus has emerged that wider economic impacts can be included without 

double-counting if they involve the correction of inefficiencies in the affected downstream 

markets. Examples include environmental costs and benefits imposed on third parties, the 

general improvements in productivity caused by the growth of urban agglomerations, or 

reductions in prices caused by an increase in competition from the breakup of a downstream 

monopoly.  
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The development of cost-benefit analysis into a tool required almost universally by 

governments and international financial institutions to evaluate major public infrastructure 

projects is remarkable. The practice has been encouraged in large part, Pickerel explains, 

because it has become increasingly sophisticated over the last century. Particularly important 

have been the development of methods to estimate consumer willingness to pay for goods and 

services which are not traded directly in markets and thus have no consumer price data that can 

readily observable. Cost-benefit analysis was rediscovered in the 1950s, for example, after 

Congress ordered the US Army Corps of Engineers to show that the benefits exceeded the costs 

of its dams that were designed primarily for irrigation or power generation but also included 

improved and unpriced recreational facilities. Similarly, in the 1960s British researchers 

pioneered in developing methods to estimate the value travelers placed on the travel time 

savings or reliability gains from highway or subway improvements. The need to estimate the 

value of traffic safety projects led to methods to estimate the value users place on the reduction 

in the risk of traffic deaths and injuries, which were soon applied to analyses of various kinds 

of public health interventions. 

 

Despite the prominence of cost-benefit analysis, there have been relatively few studies of its 

influence on the actual choices of government. Moreover, most of these reported discouraging 

results in that the highest-ranked projects are rarely selected. Defenders of cost-benefit analysis 

argue that the real advantage of this approach is not to identify the best project over the second-

best alternative, but rather the elimination of some of the worst alternatives from consideration. 

 

The Extent of Bias in Cost-Benefit Analysis 

 

Cost-benefit analysis is far from perfect. A careful analysis in chapter 7 by Professor Bent 

Flyvbjerg of Oxford University and statistician Dirk Bester reveals overwhelming statistical 

evidence that costs tend to be strongly underestimated, while benefits are strongly 

overestimated. Their impressive dataset includes 2,062 infrastructure projects representing six 

investment types in 104 developed and developing countries, put in service between 1927 and 

2011. 

 

Forecasting errors are often blamed on proximate changes in project design or environment, 

such as unforeseen increases in scope or complexity, higher than expected inflation, lower than 

expected competition, and various similar factors. But Flyvbjerg and Bester argue that the root 

causes of the errors are well-known human behavioral limitations, especially optimism bias and 

overconfidence bias. This observation suggests that improving forecasting will be difficult 

because the problems are so deeply ingrained in human nature. Flyvbjerg and Bester make 

specific recommendations for reforming cost-benefit analysis, such as debiasing and giving 

consultants a financial stake in the accuracy of their forecasts. 

 

Other Factors Leading to Over or Under Spending on Infrastructure 

 

In chapter 8, John Donahue of the Harvard Kennedy School describes the political forces that 

lead to excesses or shortfalls of public spending for infrastructure. Donahue explores the school 
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of public choice economics, whose theoreticians assume that individuals rationally pursue their 

self-interest in a democratic society governed by voting rules of various kinds. 

 

Not surprisingly, the answer to the question of whether this pursuit will result in excess or 

shortfall depends on one’s assumptions about how well informed the voters are as well as the 

voting rules. For example, one famous public choice scholar, Anthony Downs, argues that 

spending will be less than optimal mostly because voters tend to underestimate benefits more 

than they underestimate costs. Another scholar, Mancur Olson, argues that spending on public 

goods is driven by coalitions, which are often most effective when they are small, or when they 

can devise perks—e.g., free roadside assistance in the the case of the American Automobile 

Association—for those who join them. Finally, Gordon Tullock demonstrates how majority 

voting to determine whether to fund similar projects would lead to overspending, because the 

proponents of each project have incentives to exchange support with the proponents of the other 

projects (a practice known as log rolling). 

 

All three chapters inform the reader about the strengths and weaknesses of cost-benefit analysis, 

the existence of optimism biases driven by human nature, and how voting rules and choices 

influence the level of public spending for infrastructure. Understanding more about these 

factors can help improve decision making for public infrastructure investments. 

 

V. Infrastructure Finance 

 

Infrastructure upgrades and new facilities are desperately needed around the world, but 

governments often struggle to pay for the high costs of building and maintaining them. Two 

chapters address the issues related to infrastructure finance, including the development of 

innovative and replicable financing models.  

Basics of Infrastructure Finance 

In chapter 9, economist Akash Deep of the Harvard Kennedy School explains why financing is 

a key challenge in infrastructure development. Governments must typically pay the costs of 

infrastructure up front, while the benefits are spread out over many years. This difference 

between the timing of costs and benefits is generally bridged through borrowing.  

It is important to note that financing differs from funding. The funder is the entity that ultimately 

bears the cost of the infrastructure: either the general public (in the form of taxes) or the direct 

users (in the form of user charges). Those who finance the project are the borrowers and lenders 

who reconcile the timing of the benefits and costs. Those borrowers and lenders can be public 

or private. Proper structuring and risk allocation is critical to making infrastructure finance 

more efficient and less risky. The overall capital structure (e.g. ratio of debt to equity) can be 

designed to reflect the overall riskiness of the project while individual risks are assigned to the 

party that can best control them. 

Because infrastructure investments often have a long payback period, investors are typically 

less interested in infrastructure than other assets. Deep illustrates the potential for innovation in 

financing infrastructure, including efforts to tap the huge and growing savings in insurance and 
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pension funds. Managers of such funds prefer the combination of modest but stable long-term 

returns that infrastructure offers, but they are often required to maintain their debt portfolio at 

investment grade or higher. One solution developed by the European Investment Bank is simply 

to provide direct financing (in the form of subordinated debts) or financial guarantees to make 

the investment less risky for insurance and pension funds. 

A more widely imitated innovation is infrastructure funds modeled after those pioneered by 

Australia’s Macquarie Group in 1996. The Macquarie Group introduced features such as 

pooling equity from multiple projects, active asset management, financial engineering, and 

listing on capital markets—reforms that made infrastructure equity funds more liquid and 

especially attractive for pension funds. Infrastructure funds have attracted both institutional and 

retail investors, thereby significantly expanding the pool of equity available for infrastructure 

investment. 

Infrastructure Finance through Land Value Capture 

The benefits and costs of infrastructure are typically specific to the location where the project 

will occur. In urban locations, where the supply of land is limited and the infrastructure on it is 

often immobile, the benefits created by infrastructure often result in an increase in the value of 

land. In such cases, the public sector can fund infrastructure improvements by imposing 

property taxes, selling development permissions, or utilizing similar measures to capture all or 

part of the uplift in land value that the improvements create. Such measures ensure that the 

parties who benefit from the improvements pay to support them. 

Chapter 10, written by José A. Gómez-Ibáñez, Derek C. Bok Professor Emeritus of Urban 

Planning and Public Policy at Harvard University, Yu-Hung Hong, former director of the 

Samuel Tak Lee Real Estate Entrepreneurship Lab at MIT, and Du Huynh, senior lecturer at 

Fulbright University Vietnam, examines the record of land value capture around the world. 

Value capture is especially promising in developing countries, which have enormous 

infrastructure needs but fewer alternative funding sources. Chapter 10 focuses on the 

experiences of Brazil and Vietnam with one of the most important types of value capture—the 

sale of development rights.  

The case of São Paulo, Brazil, is internationally known and widely praised; the city developed 

a market-oriented value capture program, auctioning Certificates of Additional Construction 

Potential, or CEPACs, to developers in exchange for the right to build at greater density in 

designated areas. The city has used the proceeds to pay for affordable housing, transportation 

upgrades, and other public goods. 

The case of Ho Chi Minh City, Vietnam, is more controversial: through ad hoc procedures, the 

city sold the development rights to convert rural land for urban development. Both cases 

confirm that sales of development rights can generate substantial proceeds, often more than 

enough to pay for the extra infrastructure needed for the associated development. But the 

examples also show that successful implementation requires a clear and widely accepted 

delineation of property rights. Also important are a system of registries and impartial courts to 

record and protect those rights, a realistic and reasonably detailed land use master plan, and 

politically skilled sponsors. 
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In short as both chapters illustrate, governments around the world are finding innovative ways 

to finance infrastructure. Given the urgent need for global infrastructure investments and 

upgrades, these methods should be more widely implemented and embraced. 

 

VI. Regulation, Privatization, and State-Owned Enterprises 

 

Competition among providers of infrastructure is often limited, because the investments 

required to build and maintain it are so extensive, durable, and immobile that the cheapest way 

to serve a given infrastructure market is often with a single firm. This phenomenon is known 

as natural monopoly in the economics jargon. How best to protect consumers from this lack of 

competition has been a topic of intense debate in infrastructure circles. 

 

“Privatization”: When Ideology Meets Evidence 

 

In the 19th century virtually all modern infrastructure—including canals, railroads, steamships, 

electric power, streetcars and subways, telegraph and telephone systems, and local water 

supplies—was built and operated by private companies. Most of these systems were 

nationalized or municipalized only after the turn of the century, and often not until the 1960s 

and 1970s in those developing countries that declared their independence around that time. 

 

These new state-owned enterprises (SOEs) sometimes performed well at first but often grew 

less efficient, provoking consumer complaints of high prices and poor service and government 

concerns about the burden of funding large SOE deficits. These concerns helped provoke the 

most recent rounds of privatization reform, starting in the 1990s and 2000s. Privatizations were 

relabeled as Public-Private Partnerships (PPPs) to emphasize the hoped-for cooperative nature 

of the reforms. Greater emphasis was placed on developing means to regulate prices that would 

be accepted as fair by both investors and their customers. 

 

Antonio Estache, professor at the Universite Libre de Bruxelles, reviews the research on this 

recent round of privatizations in chapter 11 of the book. Estache’s findings will leave both 

critics and supporters of privatization disappointed. For example, Estache estimates that private 

finance accounts for only 17 percent of total finance for the typical PPP project, while the bulk 

of the remainder still must be raised through government bonds and loans or by grants or loans 

from international financial institutions. By sector, privatization is much more common in ports 

and electricity generation and relatively rarer in electricity distribution, roads, water, or 

sanitation. 

 

Particularly troubling are Estache’s interpretations of the research on the effects of private 

ownership on performance. Ownership alone does not appear to significantly improve 

infrastructure access and affordability for the poor. Ownership may have an effect on costs, but 

that influence may weaken once the “easy” measures to increase labor force productivity have 

been exploited. Estache blames this disappointing performance on the failure to address major 

governance issues including “corruption, lack of technical skills, lack of commitment to 

allocate the resources needed to get the regulatory job done, and lack of accountability for 
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failing on any or all of the previous issues.”  

 

Competitive Contracts for the Regulation of Infrastructure Monopoly 

 

Given that controversy over monopoly played an important role in the nationalization of private 

infrastructure companies in the first half of the 20th century, it is not surprising that a great deal 

of energy has been devoted to devising price-setting schemes for PPPs that would be accepted 

as fair by both consumers and investors. The most popular approach has been to use competitive 

bidding, to award a contract to build and operate an infrastructure facility for a fixed term, 

typically 10 to 30 years. However, this approach works well only if the contract is relatively 

complete, in that it anticipates all important future developments and provides workable 

contingencies for them. Contracts that prove to be incomplete typically require politically 

controversial renegotiation. Furthermore, the risk that a contract will prove to be incomplete 

increases greatly with the duration of the contract, and long-lived infrastructure investments 

typically require long contracts. 

 

Price-cap and Cost-of-service Approaches 

 

In chapter 12, Sock Yong Phang, professor at Singapore Management University, uses several 

case studies to examine two alternative strategies to competitive contracting: cost-of-service 

regulation and price-cap regulation. The former allows the regulated firm to charge prices 

sufficient to recover specified accounting costs; and the latter specifies the maximum increase 

in prices allowed in a set period, usually 5 years, but allows the firm to keep as profit the 

difference if the actual price increases are less than the price increases allowed under the cap. 

 

Phang argues that the evaluation of these two approaches depends on the priorities and 

objectives of the regulator. The use of cost-of-service regulation implies concern about the 

financial health of the regulated firm, and especially its ability to raise capital, while the use of 

price-cap regulation suggests concern about the firm’s technical efficiency and record of 

innovation. Other possible goals include access and affordability for the poor or protection from 

monopoly abuse.  

 

The Regulator’s Perspective: British Water Industry, 1989-2020 

 

In chapter 13, Sir Ian Byatt—a pioneer in the practice of price-cap regulation as the regulator 

of Britain’s water industry during the first two decades after its privatization—provides a 

regulator’s perspective. He describes the challenges faced and the lessons learned during his 

tenure. Two themes emerge: first, the importance that the regulator be politically sensitive and 

proactive and, second, how many other critical decisions a regulator faces besides periodically 

setting the allowed caps on prices. These decisions include the regulated firm’s capital structure, 

quality of service, treatment of ancillary activities, and the possibility of competitively 

contracting for major stand-alone facilities. The combined lessons of Phang’s cases and Byatt’s 

tenure also illustrate the practically irresistible pressures for, and potential pitfalls of, the 

expansion of the scope of the regulator’s responsibilities. 



11 

 

 

The Changing Role of State-Owned Enterprises.  

 

SOEs were considered a key to economic growth by many developing countries in the post-

colonial period of the 1950s and 1960s. The private sector often consisted of small traders and 

enterprises without the resources or appetite for the heavy investment that was generally 

thought was needed at the time for development. The attraction of SOEs faded in the face of 

their disappointing performance, leading to various reform efforts in the 1970s and 1980s and 

ultimately to the privatization of many in the 1990s and 2000s. However, SOEs remain 

significant players in the infrastructure sector, especially in China and India. 

 

In chapter 14, O. P. Agarwal, who has worked on transportation and energy policy for the 

Government of India, the World Bank, and the World Resources Institute, and Rohit Chandra, 

an assistant professor at Indian Institute of Technology Delhi, examine the changing roles of 

SOEs in the infrastructure sector. They map the global landscape of SOEs and compare the 

performance of SOEs versus the private sector. Despite their less efficient performance, SOEs 

still have plausible reasons to exist, for example, the inability of the market to supply classic 

public goods such as local road networks. Most important, Agarwal and Chandra recognize the 

evolving role of SOEs over the last decade as they have become more versatile through 

innovations in organizational form, financial management, PPPs, and private contracting. 

 

In the end, no single solution has emerged to the competition problems caused by 

infrastructure’s reliance on costly, durable, and immobile investments. Private ownership is 

common in many developed countries, particularly in certain sectors such as 

telecommunications and electricity generation. SOEs are important as well, however, and 

dominate infrastructure in China and India, the world’s most populous countries. In other 

countries, a great deal of effort has gone into the design of regulatory schemes to replace the 

standard approach of long-term contracts awarded by competitively bidding process. While 

there have been notable advances, particularly with price-cap regulation, so far every scheme 

has its limitations. 

 

VII. Infrastructure Plans and Regional Integration 

 

Europe: Trans-European Networks and Integration of the European Union 

 

In chapter 15 Professor Jose Manuel Vasallo of the Polytechnic University of Madrid examines 

the effectiveness of the European Union’s infrastructure programs in fostering regional 

integration. In theory, EU members should have a strong interest in promoting integration, since 

many have relatively small populations and thus would benefit from the opportunities that 

integration offers to develop their competitive advantages or exploit economies of scale. 

Toward that end, in 1992 the EU members agreed to designate a trans-European network of 

priority transportation projects (TEN-T) which was subsequently divided into a “core” TEN-T 

network in a larger “comprehensive” TEN-T network. Similar trans-European networks for 

energy (TEN-E) and communications (eTEN) were also established. 
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However, the outcomes of the TEN-T plans have been mixed. There is some evidence of 

increased integration, but progress is disappointingly slow, in part because the EU is essentially 

a federal system in which the targeted facilities are owned by member states and their priorities 

for improvements are not always the same as the EU’s. The EU has had to motivate the states 

to improve TEN-T facilities by offering special matching grants and other financial support. 

The need for such financial support has effectively increased the cost of TEN-T and made it 

less likely to complete the core network by the 2030 deadline. 

 

Japan: Relying on Railroads to Encourage Integration 

 

Japan has been more successful in using infrastructure to promote regional integration. It was 

the first country to use high-speed passenger rail transport as a tool to shape regional 

development. Its rail services are widely admired for their reliability, safety, and scope. In 

chapter 16, Professor Fumitoshi Mitzutani and Professor Miwa Matsuo, both of Kobe 

University, analyze the factors that have contributed to the railroad’s success. Japan is almost 

unique in the world in relying on railroad companies that are both privately owned and 

vertically integrated (meaning that the railroad which owns the track operates almost all of the 

trains that run over it). The railroads’ success is attributed in part to travelers seeking 

alternatives to Japan’s congested airports and to its heavy volumes of automobile traffic 

concentrated in a few linear corridors. In addition, observers also credit their excellence in 

service and development of innovative business models that exploit economies of scope and 

internalize externalities. For example, the railroad companies are permitted to develop ancillary 

activities, like shopping malls at stations, that reduce their dependance on passenger revenues 

and that attract more passengers. 

 

Unlike the EU, the Japanese government builds and owns the high-speed rail lines and leases 

them to operators, with the lease fees based on the expected operating profits from each line. 

So far, the revenues gained by innovation and vertical integration seem to have helped finance 

the cost of extending high speed service to less dense corridors and more remote regions. 

 

China: Development of City Clusters through High-speed Rail Investment 

 

China is similar to Japan in its reliance on high-speed rail as an important tool in shaping 

national development. The two countries differ, however, in that 92 percent of Japan’s 

population lives in urban areas, compared to 65 percent in China. As urbanization continues, 

the Chinese government has adopted a “city cluster strategy” to promote the formation and 

development of 19 enormous city clusters or megalopolises, each comprising of several major 

cities linked by high-speed rail. This strategy can be seen as an effort to create a variety of 

opportunities to absorb rural migrants and improve urban worker productivity by encouraging 

various forms of agglomeration. If the rail service is sufficiently fast and convenient to 

encourage commuting among the cluster cities, then it will increase the effective size of the 

labor pool and help workers match their skills with employer’s needs. If each major city in the 

cluster is large enough to support a high degree of specialization, say, in trade, high tech 
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manufacturing, tourism or finance, then it can support specialized suppliers as well. 

 

In chapter 17, Zheng Chang, a researcher with ETH/Zurich, uses a case study of the 

Guangdong—Hong Kong—Macau Greater Bay Area (GBA) to demonstrate how high-speed 

rail contributes to city cluster formation by strengthening agglomeration economies. His 

empirical analysis of the GBA suggests that high speed rail enhances agglomeration effects at 

the cluster level but the gain in employment for the larger cities seems to come at the expense 

of the small ones. It is unclear, however, whether the agglomeration benefits of the city cluster 

strategy actually outweigh the costs in additional high-speed rail services. To gain a more 

complete understanding of the effectiveness of the strategy, further studies using a framework 

of cost-benefit analysis are needed. 

 

The three case studies from the EU, Japan, and China demonstrate the different approaches and 

lessons about the uses of infrastructure to promote regional integration. First, the EU experience 

suggests it is hard to achieve central infrastructure goals under a federal system of infrastructure 

provision, because the priorities of the member states are often different than those of the central 

government. Second, although Japan is unusual in its reliance on private and vertically 

integrated railroads, its experience demonstrates that regional plans can be implemented 

successfully by private providers overseen by the central government. Japanese private 

passenger railroads were the source of critical innovations that helped to keep down the cost of 

providing an extensive and expanding rail system. Finally, the Chinese strategy assumes that 

agglomeration economies can be harnessed by using infrastructure investments to promote the 

formation of city clusters. This bold strategy is risky, however, due to the heavy investments in 

high-speed rail required.  

 

VIII. Coping with Radical Uncertainties 

 

Several major sources of radical uncertainty are currently affecting the performance of 

infrastructure and will likely shape infrastructure in the future: climate change, automation, the 

sharing economy, and the Covid-19 pandemic. Three chapters of our book attempt to determine 

how the infrastructure sector should cope with these radical uncertainties. The Covid-19 

pandemic erupted while we were preparing the book, and little evidence was available for  the 

assessment of its impacts on infrastructure. These impacts are becoming increasingly clear now 

as data and empirical studies are emerging, and we have included our thoughts on them below.  

 

 Infrastructure and Climate Change 

 

Severe weather conditions and natural disasters due to climate change can seriously disrupt 

infrastructure services and damage or destroy infrastructure facilities, from highways to power 

lines. These impacts typically vary from one locality to another. For example, forest fires are a 

major concern in California, while rising sea levels and hurricanes are more important to Miami. 

Henry Lee, the author of chapter 18 of the book and a faculty member at the Harvard Kennedy 

School, argues that effective adaptation policies will mainly emerge at lower levels of 

government, in a bottom-up process, and that honoring the commitments made by many nations 
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to achieve net-zero emissions by 2050 will require unprecedented investments in infrastructure.  

 

The electricity sector will be by far the most affected by efforts to mitigate emissions as 

electricity replaces direct burning of fossil fuels for mobility, heating, cooling, and 

manufacturing and as countries shift to solar, wind, and other renewable sources that require 

more sophisticated and extensive grids and standby capacity to remain reliable. In the water 

sector, changes in precipitation will require some areas to import water, increase desalinization, 

or encourage conservation by raising prices. Transportation infrastructure—particularly 

highways and bridges—will be the least affected, although more and more vehicles are to be 

powered by electricity or hydrogen. 

For these investments to succeed, Lee suggests that four changes in the governance of 

infrastructure are needed: (1) reduce the number of agencies and levels of government with 

overlapping responsibilities; (2) streamline the process for siting facilities; (3) address stranded 

financial and human assets; and (4) reduce the bias for spending on disaster relief rather than 

disaster prevention. 

New Technologies in Infrastructure 

 

The second radical uncertainty examined in the book is automation and other new technologies 

that have emerged rapidly in recent years thanks to advancements in information technologies 

such as cloud computing, the internet of things, and artificial intelligence. Whether these new 

technologies will revolutionize the infrastructure sector is the central question examined in 

chapter 19 by Shashi Verma, director of strategy and chief technology officer at Transport for 

London (TfL). Verma reminds us that fundamental infrastructure change typically comes only 

very slowly.  

 

Using autonomous vehicles (AV) as a case study, he discusses the economics of AV, the likely 

impacts of automation on other modes and consumer behavior, and the institutional challenges 

it faces before its widespread acceptance. He concludes that AV may prove to be among the 

rare fundamental changes in infrastructure technology, on par with the invention of the internal 

combustion engine, and especially disruptive to our cities. 

 

Policy makers should take actions to prepare for the arrival of AV technology, including 

licensing, levels of safety required, allocation of road space, economic support to public 

transportation, and control over pricing for AV and road use. Making decisions about these 

basic characteristics of AV may seem risky given that the technology is evolving rapidly. 

Nevertheless, it may be possible to design regulatory strategies that set out basic goals and 

frameworks while deferring other important decisions until the technological uncertainties are 

better resolved. Policy makers should not be too timid, however, given that some basic 

decisions—about the allocation or pricing of street space, for example—may be difficult to 

reconsider once the industry starts to relay on them. 

 

The potential impacts of AV are apparent if one recognizes that between one-half and three-
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quarters of the cost of a taxi ride covers hiring the driver. If AV could save on driver cost, this 

would stimulate an increase in travel and pose an existential threat to public transportation. The 

latter would be competitive with AV only during peak hours and even then, only where it is 

protected from traffic congestion. Road congestion would likely increase greatly with the 

spread of AV unless there is a large increase in ride-sharing. Even then the only unmitigated 

benefit of AVs would be a large reduction in the land required for parking cars. 

 

Infrastructure and the Sharing Economy 

 

The third radical uncertainty examined in the book is the sharing economy. The sharing economy 

is not an altruistic neighbor-to-neighbor exchange, but a digital transaction connecting asset owners 

with users by taking advantage of improvements in technology. Over the last decade, new methods 

of sharing motor vehicles (Zipcar, Car2Go, Uber, Lyft, DiDi, Ola, and others) and smaller 

motorized electric vehicles like e-bikes and scooters (Bird, Lime, Gojek, etc.) have grown 

rapidly around the globe.  

 

What impacts might the sharing economy have on infrastructure services and assets? In chapter 

20, authors Andrew Salzberg and O.P. Agarwal explore this question using a case study of urban 

transportation. Salzberg is responsible for public policy at Transit, a leading public 

transportation app in North America, and before that worked as an executive at Uber. Agarwal 

served in the Indian Administrative Service and the World Bank before serving as chief 

executive officer of World Resources Institute India.  

  

Salzberg and Agarwal discuss the potential benefits, costs, and risks of shared vehicles, and 

argue that the sharing economy model has the potential to improve the use of fixed assets and 

thereby allow wider access to services. However, the current experience of shared vehicles in 

the U.S. indicates that the market penetration remains tiny, as most people still prefer 

individualized mobility services. Therefore, whether the service will grow to a significant size 

remains uncertain.  

In theory, car sharing could greatly increase asset utilization, since personal cars are used only 

about five percent of the time. Simulations have shown that a ubiquitous shared vehicle 

network—using right-sized vehicles, potentially including AVs, and moving 100 percent of 

motorized travel—could dramatically reduce peak-hour congestion, the number of vehicles on 

the road, and the roadway and parking infrastructure needed to accommodate a given quantity 

of passenger travel. These model results are optimistic, however, in that they assume that 

travelers will shift to a sharing mode that is highly efficient from a systemic perspective. In 

reality, the long-term decline in carpooling suggests how difficult it is to convince two or more 

people to ride together in the back of a car. 

The authors predict that new regulations will emerge to address the disruptive impact of this 

model on traditional businesses. More important, public policies related to road and parking 

pricing and congestion charges will be crucial to the future of the sharing economy in the urban 

transportation sector.  
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Infrastructure managers could encourage sharing by imposing per-vehicle congestion charges 

or by designating priority lanes for carpools. Economists have long been attracted to congestion 

charges for their efficiency incentives but, as noted earlier, proposals often founder on 

objections by motorists who feel, fairly or not, that they have no alternatives to driving alone. 

Carpool lanes have the additional disadvantage that overall congestion can increase if the 

minimum number of passengers to qualify as a carpool is set too low or too high.  

The future of micro-mobility services, such as electric scooters and bikes, seems especially 

dependent on designating street space where the vehicles could be safely operated by people 

with different levels of skill. 

The Effect of Covid-19 Pandemic  

 

During the production of the book, researchers were actively studying both the effect of 

infrastructure on pandemic severity as well as the effect of the pandemic on infrastructure. One 

of the first studies of the former appears in chapter 3, in which the World Bank’s Sameh Wahba, 

Somik Lall, and Hyunji Lee argue that infrastructure shortages and affordability challenges 

have exacerbated exposure and community contagion risk from Covid-19 across poor 

neighborhoods in developing cities around the world. 

 

Many other cities, including some of the major cities in China and Europe, adopted the opposite 

policy of attempting to reduce contagion by deliberately limiting access to infrastructure 

through lockdowns, quarantines, and other similar measures. How successful these measures 

have been in reducing the spread of disease and whether those reductions are worth their often-

substantial economic costs is a matter of continuing and intense debate.  

 

Other emerging takeaways are that public transit systems around the world lost much of their 

ridership and passenger revenues. Moreover, these systems seem unlikely to be able to fully 

bounce back even after the pandemic is over. Former riders are now more used to working at 

home and meeting online, and are more inclined to view riding on crowded public 

transportation as a health hazard.  

 

The consequences of a long-term shift from public transit to driving would be a financial 

disaster for public transit operators and traffic gridlock in our largest and most congested cities. 

It is important to consider what public policies are required to revitalize public transit systems, 

and to enable them to cope with future pandemics. 

 

A likely increase in public infrastructure spending is an important part of post-pandemic economic 

recovery programs. The primary objectives of these programs are to increase employment and 

revitalize the economy, and this funding can speed up the delayed construction of public 

infrastructure works, clear maintenance backlogs, and perhaps finance some “shovel-ready” 

projects. The key question is whether this is the right time for increased public investment for new 

mega-infrastructure projects. 
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Policy makers often assume that infrastructure investment would have significant multiplier effects 

on other parts of the economy. However, the review of empirical analyses of economic stimulus 

programs, presented in chapter 2 by Gregory Ingram and Zhi Liu, suggests that in developed 

economies, infrastructure spending has little stimulus effect in the first several years, after which 

the economy is likely to have begun growing again anyway. These analyses find little to no short-

term economic impacts, even when the long-term economic impacts are clearly positive. The small 

short-term impacts are due in part to the substantial time required to prepare and construct a project 

and in part to the crowding out of private investment by public investment. Therefore, it is important 

to select and include the most valuable and shovel-ready projects in the stimulus programs.  

 

IX. Policy Implications for the Future of Infrastructure 

 

The Global Infrastructure Challenges 

 

Infrastructure is a perennial topic of policy debate throughout the world. Although 

infrastructure is widely considered fundamental for economic growth and the quality of life, 

infrastructure polices vary significantly by country. Many developing countries struggle to 

overcome significant infrastructure deficits, while others—most notably China and India—

invest heavily in infrastructure to boost economic growth. The United States, once a global 

leader in infrastructure development and management, is adopting a shift to a “fix-it-first” 

policy that emphasizes infrastructure repairs as an essential prerequisite for or complement to 

investment in a new generation of infrastructure. The United Kingdom plans to revitalize its 

“northern powerhouse” of aging industrial cities through high-speed rail investment. And the 

infrastructure sector around the world is facing the new changes driven by climate change, 

artificial intelligence, the sharing economy, and the covid-19 pandemic. 

 

Six Principles to Guide 21st-Century Infrastructure Investment 

 

Based on the extensive research and practical experience recounted here, there are six key 

takeaways to consider in any infrastructure reform or investment package. These takeaways 

apply to infrastructure in both developed and developing countries, although the problems are 

generally more difficult in the developing world. 

 

1. Think Long-Term Growth, Not Quick Stimulus 

 

Infrastructure investment typically increases a country’s GDP, but contrary to the conventional 

wisdom, it’s not an effective way to provide a quick economic stimulus to cut short a recession. 

The pipeline of so-called “shovel ready” projects is usually relatively short, and it takes many 

years to secure the permissions and funding necessary to begin construction on a new project, 

by which time the recession is typically over. Moreover, the image of infrastructure providing 

opportunities for unskilled labor is also misleading. Modern construction projects often involve 

sophisticated equipment and require extensive training; they do not offer pathways to quick 

employment for large numbers of unemployed service-sector workers. 
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2. Apply Cost-Benefitt Analysis 

 

All else being equal infrastructure investments in developing countries have a greater effect on 

their GDP than investments in developed countries, presumably because the developing 

countries are thought to have underinvested in basic infrastructure for so many years. In any 

event, the returns on investment depend importantly on the quality of specific projects being 

funded so it is more important that the projects be shovel worthy rather than shovel ready. 

 

Economists have developed and refined methods for estimating the value individuals place on 

the various benefits and costs of a project. The resulting difference between the benefits and 

costs, or the net benefit, can be interpreted as the measure of how much society as a whole will 

gain or lose from implementing the project. Most international financial institutions, such as 

the World Bank, as well as domestic infrastructure agencies, such as the U.S. Environmental 

Protection Agency or the U.K. Department of Transportation, are required to prepare cost-

benefit analyses of the major projects or policies they are considering and of the relevant 

alternatives to those projects. However, these institutions are seldom, if ever, required to adopt 

the alternative with the highest net benefits in part because of concern that cost-benefit analysis 

might not adequately reflect goals of fairness and equity which are often central in infrastructure 

projects. Cost-benefit analysis can, however, help identify and inform equity issues by 

estimating how much different groups benefit or lose because of an infrastructure program. 

 

While cost-benefit analyses are not perfect, they are one of the best tools available for 

evaluating infrastructure proposals. Agencies should beware of departing significantly from the 

alternative with the highest net benefit without good reasons. 

 

3. Beware of Over-Confidence and Over-Optimism 

 

One of the major drawbacks of cost-benefit analyses is that they typically assume that the 

forecasts of the project’s usage, costs, and other dimensions of performance are accurate, when 

in fact they are typically biased. A landmark analysis by Bent Flyvbjerg and Dirk W. Bester in 

chapter 7 of some 2,000 infrastructure projects around the world found that actual costs were 

significantly higher than forecast, while usage was significantly lower. This pattern might arise 

if the agency executing the projects bore little liability for cost overruns and demand shortfalls. 

Such arrangements are rare, however. Instead, the authors blame several well-known behavioral 

limitations, particularly overconfidence bias and optimism bias. Fighting against these biases 

is difficult because they are so deeply ingrained in human nature. Still, some measures 

suggested by the authors are worth considering, such as holding the forecasters legally 

accountable or requiring independent audits of forecasts. 

 

4. Take Equity Seriously 

 

It is important to take equity concerns seriously because the benefits and costs of infrastructure 

projects are often distributed inequitably. On the one hand, low-income households or 

households of color often bear a disproportionate share of the environmental costs of major 
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infrastructure facilities, such as highways and power plants, that are often built in or near 

neighborhoods where they live. On the other hand, a lack of access to basic infrastructure, 

particularly in the developing world, can impair the quality of life and contribute to inequality. 

For example, studies from the developing world show that access to an all-weather road or to 

the regional electricity grid can stimulate economic activity, narrow the gap between rural and 

urban incomes, and reduce the economic disparities between villages. In the United States, the 

Rural Electrification Administration, created during the Great Depression and now part of the 

U.S. Department of Agriculture’s Rural Utilities Service, is an example of a successful 

investment that raised living standards for many. The counterpart today is broadband internet, 

once considered something of a luxury but increasingly necessary to support electronic banking, 

remote learning, telemedicine, and other valued services in urban and rural areas alike. 

 

5. Assess Governance Challenges 

 

Another important takeaway is the need to consider whether a major new infrastructure 

program will require basic changes in how the infrastructure system is governed, including the 

mix of public and private infrastructure providers as well as the roles played by national, state, 

and local governments. In his chapter on climate change, for example, Lee argues that a major 

new infrastructure program—particularly one focused on decarbonizing the energy system to 

reduce climate change—is likely to increase and complicate the roles of national governments 

in overseeing infrastructure. National governments are better equipped to invest in technologies 

that are promising but not yet profitable, and to drive responses to large-scale problems that 

require collective action. In addition, decarbonization will likely require major new investment 

in renewable generation and longer transmission lines crossing more state borders, shifting 

disputes about siting new facilities to the national level. Further, national governments will face 

pressure to mitigate the economic impact of its climate change policies—for example, 

compensating owners of fossil fuel plants and other assets that lose their value. 

 

Any expansion of national government oversight is likely to conflict with, or at least complicate, 

long-standing oversight of both privately- and publicly-owned infrastructure companies by 

state and local governments. State and local oversights have been motivated by a variety of 

related concerns such as protecting local consumers from local monopolies, ensuring that poor 

households have access to affordable basic services, and that the concerns of the wider public 

are addressed in siting decisions for major facilities. Successful infrastructure reform will 

require the reconciliation of these often conflicting and overlapping responsibilities. 

 

All these governance issues are more difficult because infrastructure is characterized by large, 

long-lived, and immobile investments. Such fixed costs can make both investors feel vulnerable 

to expropriation by government and government officials suspicious that infrastructure 

companies are withholding information about the possibilities for cost reductions or price 

decreases. This mistrust has made it difficult to design systems for regulating prices and service 

quality that are regarded as fair by the public as well as investors and government officials.  

 

6 Recognize the Special Challenges of Developing Countries 
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A final important takeaway is to appreciate how much greater that the challenges of 

infrastructure policy are in developing than developed countries. Statistical analyses suggest 

that infrastructure investment has a greater effect on GDP in developing than developed 

countries. This may just reflect the fact that the existing infrastructure in developing countries 

is modest because they have under-invested or under-maintained infrastructure in the past. Even 

if investments in developing countries are more efficient on the margin than developed 

countries, the stocks of infrastructure in the developing countries are so much smaller that 

presumably many worthwhile projects are still not getting done for lack of finance or other 

resources.  

 

The shortage of successful infrastructure projects in developing countries seems to stem mostly 

from inadequate attention to governance issues and lack of effort required to implement 

workable solutions to governance issues. Much of the local infrastructure is in industries with 

the economies of scale—such as electricity distribution or piped water—that characterize 

natural monopoly, so price setting is bound to be politically sensitive. But the problem is 

compounded by the small pool of experienced infrastructure engineers and policy analysts for 

companies and regulatory agencies to draw on to staff key jobs. The severity of the governance 

challenge and the shortage of relevant talent and experience are reflected in the frequent 

breakdowns and renegotiations of concession contracts within their first two years. The 

developing countries clearly need to address these problems if they hope to spend a higher 

portion of their GDP on infrastructure investment and maintenance. 

 

In sum, any infrastructure plan’s success ultimately depends on the type and quality of the 

projects selected—which will depend on the quality of the supporting cost-benefit analyses, 

and on the leaders’ ability to think strategically for the long run, commit to equitable outcomes, 

and sensibly balance national and local oversight. 
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