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[bookmark: _Toc200095248]Preface
Building Global Infrastructure is the fourth in a series of volumes on Patterns of Potential Human Progress (PPHP), a series that explores prospects for human development and the improvement of the global human condition. Each volume considers one key aspect of how development appears to be unfolding globally and locally, how we would like it to evolve, and how better to assure that we move it in desired directions.
 
The volumes emerge from the Frederick S. Pardee Center for International Futures at the University of Denver’s Josef Korbel School of International Studies. The International Futures (IFs) modeling and analysis project has worked for more than three decades to develop and use the strongest possible global, long-term, multiple issue capability for exploring the future of key global issues. Among the philosophical underpinnings of the IFs project are the beliefs that (1) prediction is impossible, but forecasting is necessary to help us understand change and to support policy development; (2) analysis should always be built around alternative possible futures; and (3) the tools for forecasting should be as fully open and transparent as possible.
 
The first volume in the PPHP series was dedicated to the central issue of global poverty reduction, presenting initially a long-range, base case forecast—an elaboration of the path we appear to be on. It then explored an extensive set of variations in that path, each tied to alternative domestic and international interventions. The second volume applied a similar methodology—it provided a long-range, base case forecast for global advances in education participation and attainment, and it developed a normative scenario for global advance in formal education, looking for a pattern that was aggressive, but reasonable. The third volume drilled down into arguably the most important of all issues for humans, that of health. Its base case showed the rapid changes occurring in mortality and morbidity patterns, including the growing burden of noncommunicable diseases and injuries, especially as populations age nearly everywhere. It also devoted considerable attention to exploring the complex relationships between health futures and broader demographic and economic ones, including the question of whether investments in health contributed to economic well-being.
 
Following these three volumes, the series has turned from direct study of ends such as poverty reduction, education advance, and health improvement to a consideration of some of the most important means by which these ends are achieved, specifically the building of extensive infrastructure and the strengthening of governance. (We recognize, of course, that both highly accessible infrastructure systems and good governance have important value as ends in themselves, as well as being means to further ends.) In the upcoming volume on governance, we will explore possible futures, as well as look extensively at the past, of three interacting dimensions of governance, namely, the provision of security, the building of capacity, and the broadening and deepening of inclusion.

This volume initiates our shift toward means with an extensive consideration of the possible futures of infrastructure in countries across the world. We analyze the prospects for rapid advance in access to road transport, electricity, water and sanitation, and information/communications systems. We do so by placing infrastructure in the context of broader human development systems, considering the drivers in demand for it from demographic and economic growth, the constraints that financing availability can place on its development and maintenance, and the impact that infrastructure has on economic growth and broader socioeconomic and environmental systems (which then in turn close the loop by affecting the further demand for, and supply of, infrastructure over time). That is, we take a broad systemic approach, not simply extrapolating the demand for infrastructure or the potential investment needs of the sector. We examine the dynamics of these interacting systems for 183 countries, seeking to understand the path on which we find ourselves and where that might take us over the coming 50 years. 

We also seek to understand the patterns of these dynamics across countries at different income levels and within different global regions. Although there are some limited generalizations that one can make—for instance the fundamental importance of access to safe water even at the lowest levels of income, and the broad push now being made almost everywhere towards universal access to electricity—the world is remarkable for its heterogeneity of patterns of infrastructure development, both across countries and across time. 

With respect to the temporal dynamics, the past is not necessarily prologue. Across all types of infrastructure, currently high-income countries have generally made long, halting and (in response to technological and broader economic changes) somewhat sequential historical transitions. In contrast, many countries today struggle with developing or extending all forms simultaneously and over a compressed time period during a veritable rush toward modern development. The changing technologies within infrastructure systems partly also explain the differences one must expect to see in future development paths relative to historical ones. In no other case, of course, is this more obvious than with respect to information and communications technology, where both developed and developing countries are coping with dramatic transformations in those technologies and where citizens in developing countries are progressing at a pace not so terribly different than that of their high-income cousins.
 
In addition to exploring the current path that the building of infrastructure appears to be following, we also explore the potential for, and impact of, accelerating the developmental path. We look first at some of the targets that various organizations and initiatives have put forward, sometimes in the spirit of the Millennium Development Goals. Most standard targets, however, differentiate in relatively limited ways among countries at vastly different income and social development levels. We therefore also build and consider a scenario that puts countries on paths that lead to high rates of infrastructure access relative to countries at their own level of development, these often being more reasonable targets even while they remain aggressive ones. We find that countries often could mobilize the resources to reach such targets, and that whether outside assistance appears needed or not, pursuing the targets would ultimately have quite significant economic benefits. However, we also find that diversion of resources from other government spending, such as those on health and education, has at least interim costs as well as potential longer-term benefits. Our attention to infrastructure in the broader context of other systems facilitates exploration of these interactions.

In spite of frequent calls for building infrastructure in support of development, there has been remarkably little effort to consider alternative futures for it. This volume is the first study to look forward across half a century at infrastructure for 183 countries and the regions and groupings into which they fall, exploring multiple forms of infrastructure and their interactions, and linking that analysis to the dynamics of the larger human development system. Our hope is that this broad and deep exploration can contribute to the collective effort to create widespread and ultimately universal access to critical infrastructures around the world. Those who wish to explore or extend our analysis can find the full IFs system, including the scenarios of this volume, at www.ifs.du.edu.
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What vast additions to the conveniences and comforts of living might mankind have acquired, if the money spent in wars had been employed in works of public utility; what an extension of agriculture even to the tops of our mountains; what rivers rendered navigable, or joined by canals; what bridges, aqueducts, new roads, and other public works, edifices, and improvements might not have been obtained by spending those millions in doing good, which in the last war have been spent in doing mischief. 
-Benjamin Franklin[footnoteRef:-1] [-1:  found at http://thinkexist.com/quotation/what_vast_additions_to_the_conveniences_and/296982.html.] 



From the earliest roads to today’s information superhighway and beyond, infrastructure has facilitated, and will continue to facilitate, almost all aspects of human activity. It makes possible the movement and transmission of goods, services, people, energy, and information, including ideas and culture, upon which societies rely. Infrastructure also protects us from the vagaries of the natural world, allowing us to live and work in locations that would otherwise be forbidding or unusable (Doyle and Havlick 2009).

While infrastructure can provide invaluable services, the provision of infrastructure and the potential benefits that might result are not always a given. As the above quote by Benjamin Franklin makes clear, there exists a tension between infrastructure’s promise and its missed potential. This tension arises not only from competing demands on public resources, but also from the ways in which infrastructure is funded, structured, and managed. This had lead us to a world in which infrastructure and its benefits are spread very unevenly across populations around the world.

The focus of this volume is on how this situation may change over the next half-century. To what extent can we expect those countries with significant gaps in infrastructure to close these gaps, and what does this mean for their social and economic development? For those countries that have achieved a general level of sufficiency in basic infrastructure, what are the challenges to maintaining and renewing these systems?

This volume explores aspects of the future of infrastructure that go beyond any other study of which we are aware. At the same time, our goals are modest. We are fully cognizant that infrastructure has undergone a number of significant technological transformations in the past. We have no reason to doubt that this will continue, particularly given the continued growth and penetration of Information and Communication Technologies (ICT). Forecasting such transformations, however, is beyond the general scope of this and similar studies that focus on evolutionary rather than revolutionary change. Thus, the story of the future of infrastructure in the real world will almost certainly be richer and more dynamic than any we tell here. Even so, there is much for us to tell.

[bookmark: _Toc323232031][bookmark: _Toc200095251] The What and Why of Infrastructure
[bookmark: _Toc323232032][bookmark: _Toc200095252]What is infrastructure? 
The Merriam-Webster Dictionary first defines infrastructure as “the underlying foundation or basic framework (as of a system or organization),” and then includes the following as an alternative definition: “the system of public works of a country, state, or region; also the resources (as personnel, buildings, or equipment) required for an activity.”[footnoteRef:0] Whether explicit or implicit, the characteristic common to all definitions and descriptions of infrastructure is that it is an enabling foundation for some other purpose and not an end in itself. [0:  Italics in original.] 


In practice, there is a wide variability in the components included in infrastructure depending on the context in which the term is used. Frequently, a distinction is made between hard infrastructure (e.g., physical foundations of societies such as roads and power plants) and soft infrastructure (e.g., social foundations of societies such as governments and legal systems) (see Figure 1.1). In between these two lay Knowledge systems, which we define as those systems and activities within a society that promote innovation and knowledge transfer through human capital development. Knowledge systems fulfill two vital functions: (1) they serve a specialized role by connecting directly to hard infrastructure through improvements in technology (crucial to extending access and to sustainability); and (2) they serve a broader role by promoting those aspects of governance and other social systems that facilitate the development and use of infrastructure (and other systems) for human well-being.

Our primary focus in this volume is on hard infrastructure—the systems that provide for the movement and distribution of people and goods, energy, water and wastes, and information. This includes, inter alia, roads, railways, electricity generation plants, transmission lines, dams, canals, irrigation works, water delivery and sanitation systems, and communication networks. In the course of our work on infrastructure we have also developed basic representations of knowledge systems, but we leave analysis and forecasting of those primarily for future work. 

Many studies separate infrastructure into distinct categories and look at their development as largely discrete. This can make for easier analysis, and we also do so to a certain extent for this reason. In reality, however, there are many strong relationships between many forms of infrastructure, with examples of both complementarity and substitution.

Physical co-locality is probably the most straightforward example of the complementary nature of much infrastructure. A typical city street, itself a form of infrastructure, will often have power lines and telephone cables running alongside it and water and sewer lines running beneath. In such cases, the establishment of one infrastructure early on, such as roads, makes the later construction of other infrastructure easier, especially in dense urban areas where issues of zoning can become quite complex. Infrastructures can also complement each other by enhancing operation. For example, ICT infrastructure can improve the monitoring and control of energy, transportation, and water systems, through smart-grid applications (Organisation for Economic Cooperation and Development (OECD) 2006, 32).

Substitution occurs when one form of infrastructure replaces another. In the past, when more efficient infrastructure was developed it would supplant the outdated forms in an orderly progression. Dirt roads became paved, roads and paved roads, turned into highways. A hand operated well became a pumped water station. Watermills gave way to hydroelectric dams. Today, this orderly process continues, but further changes are occurring as ICT has begun to allow the substitution of one type of infrastructure for another. The rise of e-commerce and telecommuting to work has, on a limited scale, begun to supplant the need for physical transportation. For developing countries, the ability of new technologies, especially ICT, to substitute for old has proven a boon for development as they have leapfrogged iterative infrastructure (like fixed phone lines) for more advanced infrastructure like mobile phones and mobile broadband (See Chapter 2).

Finally, many infrastructures are inherently reliant on others. Without energy, the movement of people, goods, resources, and information simply would not happen. Thus, transportation, water, and ICT all rely on energy infrastructure. At the same time, energy infrastructure is heavily dependent on other forms for access to energy resources. A significant amount of transport, particularly freight transport, is devoted to moving energy resources. For example, in 2007, coal and petroleum products accounted for 32.5 percent of freight transport shipments within the U.S.[footnoteRef:1] Internationally, more trade and transport is devoted to the movement of oil than any other single product.[footnoteRef:2] The energy system also requires significant amounts of water, be it for extraction and production, refining, or power generation, most obviously in steam generators. More recently, there has been much discussion about the use of smart grid technology to manage electricity production and distribution. For example, Amin and Wollenberg (2005: 37) spoke of a system in which “every node in the power network of the future will be awake, responsive, adaptive, price-smart, eco-sensitive, real-time, flexible… and interconnected with everything else.” [1:  Percentage of ton-miles. Data from the 2007 Commodity Flow Survey conducted by the U.S. Bureau of Transportation Statistics and the U.S. Census Bureau. Data accessed at http://factfinder.census.gov/servlet/GQRTable?_bm=y&-geo_id=01000US&-ds_name=CF0700A06&-_lang=en.]  [2:  From U.S. EIA Oil Market Basics. See http://www.eia.doe.gov/pub/oil_gas/petroleum/analysis_publications/oil_market_basics/trade_text.htm.] 


[image: ]Figure 1.1 Examples of hard and soft infrastructure with knowledge systems as a bridge
Source: Authors’ conceptualization.

[bookmark: _Toc323232033][bookmark: _Toc200095253]The importance of infrastructure
Infrastructure has transformed our economic, social, and physical landscapes. With the exception of agriculture, the development of infrastructure has altered more land on earth than any other human activity. In the form of the light produced by the electricity network, infrastructure can literally be seen from space (see Figure 1.2).
[image: ]Figure 1.2 Nighttime lights from space
(Source: http://duckwater.bu.edu/urban/global.html)

Despite its large physical manifestations, a lot of infrastructure is almost invisible to the casual observer. It may be physically hidden below ground or behind walls. It may be located away from people, on the “outskirts” of communities, or, as is increasingly the case for telecommunications, in low-earth orbit. Furthermore, many forms of infrastructure have come to be taken for granted to the point that they are not even noticed. Few people in the developed world think about their water or electricity supply until they turn on the tap or flip a switch and nothing happens. In contrast the large numbers of people without electricity and running water are almost certainly aware of the infrastructure to which they do not have access.

Still, infrastructure is widely recognized as fundamental to economic and social development. The World Economic Forum’s Global Competitiveness Index places infrastructure in second place in its list of twelve pillars forming the “microeconomic and macroeconomic foundations of national competitiveness,” with competitiveness defined as “the set of institutions, policies, and factors that determine the level of productivity of a country” (Schwab 2010: 4).[footnoteRef:3] Quoting their 2010 report: [3:  The twelve pillars are, in order: institutions, infrastructure, macroeconomic environment, health and primary education, higher education and training, goods market efficiency, labor market efficiency; financial market development, technological readiness, market size, business sophistication, and innovation (Schwab 2010: 4–8).] 


Extensive and efficient infrastructure is critical for ensuring the effective functioning of the economy, as it is an important factor determining the location of economic activity and the kinds of activities or sectors that can develop in a particular economy. Well-developed infrastructure reduces the effect of distance between regions, integrating the national market and connecting it at low cost to markets in other countries and regions. In addition, the quality and extensiveness of infrastructure networks significantly impact economic growth and affect income inequalities and poverty in a variety of ways. A well-developed transport and communications infrastructure network is a prerequisite for the access of less-developed communities to core economic activities and services.

Effective modes of transport, including quality roads, railroads, ports, and air transport, enable entrepreneurs to get their goods and services to market in a secure and timely manner and facilitate the movement of workers to the most suitable jobs. Economies also depend on electricity supplies that are free of interruptions and shortages so that businesses and factories can work unimpeded. Finally, a solid and extensive telecommunications network allows for a rapid and free flow of information, which increases overall economic efficiency by helping to ensure that businesses can communicate and decisions are made by economic actors taking into account all available relevant information. 

For many years, particularly since Aschauer’s (1989) seminal study, researchers have attempted to quantify the link between infrastructure and economic growth.[footnoteRef:4] The actual magnitude of this link is a heavily debated issue in the academic and policy literature, but most now agree that the net effect is positive and significant (Straub 2011). At an aggregate level, Calderón and Servén (2003) estimated that 30 percent of the difference in growth in GDP per capita between Latin America and East Asia was attributable to the slower growth in infrastructure in the former region compared to the latter. In later work, Calderón (2008) (cited in Foster and Briceño-Garmendia (2010, 2)), attributed over half of sub-Saharan Africa’s improved growth performance between the1990s and the early 2000s to infrastructure improvements, mostly in the area of telecommunications. At the same time, Calderon identified deficiencies in other forms of infrastructure, notably power, as a hindrance to growth over the same period. [4:  See recent reviews of this literature by Romp and de Haan (2007) and Straub (2008; 2011).] 


The importance of infrastructure for human development and well-being goes well beyond productivity and aggregate economic growth, however. Brenneman and Kerf (2002) provide what remains the perhaps the broadest overview, in their review of numerous studies showing how infrastructure improves human well-being through underpinning growth, increasing economic opportunities, providing direct savings, improving education, supporting effective governance, improving health, and providing direct benefits. A range of studies, reviewed in more detail in Chapter 3, have added to our knowledge of the role of infrastructure. Calderón and Chong (2004) provided strong evident that improved infrastructure reduces income inequality. The World Bank (2008) explored the impacts of rural electrification, showing significant positive impacts on health and education outcomes. The World Health Organization (WHO) has explored how access to infrastructure, particularly improved sources of drinking water and sanitation and modern energy services, improves human health (Fay et al. 2005; Prüss-Üstün et al. 2004). They attributed nearly two million deaths related to diarrheal diseases (88 percent of all such deaths globally) to unsafe water and sanitation in 2004.[footnoteRef:5] In the same year, 35 percent of all deaths from chronic obstructive pulmonary disease and 21 percent of all deaths from lower respiratory infections were due to the inhalation of indoor smoke from solid fuels.[footnoteRef:6] [5:  Data from WHO risk factor estimates for 2004, available at http://www.who.int/healthinfo/global_burden_disease/risk_factors/en/index.html.]  [6:  Also from http://www.who.int/healthinfo/global_burden_disease/risk_factors/en/index.html.] 


[bookmark: _Toc323232034][bookmark: _Toc200095254] The Past and Present of Global Infrastructure
[bookmark: _Toc323232035][bookmark: _Toc200095255]Infrastructure through the ages
Infrastructure has been with us in one form or another ever since modern humans evolved. The history of infrastructure is, in many ways, the history of human society (see Box 1.1).

When human societies consisted of little more than family-group hunter-gatherers, infrastructure was largely cultural and intangible in nature, like spoken language, cave paintings, and stone carvings. These cultural technologies allowed for the transmission of knowledge from one person or group to another, and thus represented the very earliest knowledge systems and information communication technologies. For thousands of years, they remained the primary form of infrastructure, but as groups grew beyond single family-groups to tribes, the first truly physical infrastructure emerged, in the form of networks of well-trod game trails and footpaths that connected seasonal encampments to each other and to favored hunting grounds, water sources and even shrines (White 2007). As more millennia passed, and tribal societies grew larger, amassed more knowledge, and developed better ways to utilize their environments, the infrastructure we are more used to thinking about began to enter the picture.

The earliest true infrastructure projects began to appear around 8,000 to 9,000 years ago as the transition to agricultural-based lifestyles allowed societies to grow in size and complexity. The Jericho settlement, in what is the West Bank today, is thought to have been the site of one of the earliest instances of large-scale construction, in the form of defensive walls and barriers for flood protection (Mithen 2006). Around the same time, the people of Çatalhöyük, a settlement in what is now the Anatolian region of Turkey, developed the first irrigation system, consisting of gravity-fed channels designed to bring river water to nearby fields (Fairbairn 2005). These sorts of projects required a more centralized form of planning and resource mobilization than making paths, planting crops or building houses, and it was the need of such projects, specifically water projects, that would give rise to the first civilizations.

The earliest civilizations developed at six independent sites or ‘cradles’ around the world: the Tigris and Euphrates River Deltas, the Nile River Delta, the Indus River Valley, the Yellow River Valley, Chico Norte, and the Coatzacoalcos River Basin. At each of these sites, people first came together in centrally organized ways to manage water resources (Solomon 2010). They built irrigation networks to water their crops and constructed earthen dikes and levees to protect themselves from seasonal floods. 

Transportation and energy infrastructures also really began to develop during this period. The domestication of various animals began in the earliest days of the agricultural revolution, but around 5,000 to 6,000 years ago, new developments like the harness, plough and the wheel coupled with the domestication of draft animals like oxen and water buffalo gave people access to a new power source beyond human muscles for the very first time, increasing productivity and allowing faster and greater mobility of people and goods over land (Christian 2004, 307). At the same time, the rivers around which the first civilizations developed became the world’s first highways, as advances in boatbuilding enabled the movement of high volumes of people and goods, and especially construction materials, over large distances (Solomon 2010). 

The ability to produce more and transport more helped foster the formation of the first city-states and kingdoms and gave rise to permanent trade routes between civilizations that could stretch for hundreds and even thousands of miles (Gosch 2008, 13). Increasing levels of trade also spurred advances in information and communication technologies. The earliest known written language, Cuneiform, was developed in Mesopotamia around 5,500 years ago, first as a means of recording transactions and inventories and later grew into a true language. With the advent of written languages came the next advance in knowledge systems, the first library, built in Nippur 4,500 years ago.

The construction of larger-scale and more advanced infrastructure helped turn early city-states into the first empires. By 4,500 years ago, advanced systems of aqueducts, dams, reservoirs, wells, and canals were supplying water to fast growing cities. The first paved roads (using flagstones) also began to appear during this time. Advances in communications and transportation allowed would-be empires to raise large armies and fleets and conduct coordinated warfare (Casson 1994, 163). By 3,000 years ago, such advances allowed the Phoenicians to establish the first true colonial empire. The rise of empire, in turn, further required the development of improved information and communication technologies as governments found themselves managing greater and greater territories. 

By the time of the Roman Empire, many of the infrastructures we consider modern were already in use. Vast networks of paved roads carried armies and goods across the Empire. Many buildings had running water, flush sanitation and centralized heating. Massive public waterworks using poured concrete supported millions of people. Water-powered mills provided mechanical energy. Sail and oar-powered ships transported goods and people from China to Britain. Oil lamps replaced wood burning for lighting and the Chinese began to use coal as a source of fuel. Postal services, schools, and libraries brought learning and communications to the masses. With the fall of the Roman Empire, however, many of these infrastructures would not see wide use again in Europe until the Industrial Revolution more than a thousand years later.

Before the Industrial Revolution, post-Dark Ages Europe first underwent a revolution in information and communications technology and knowledge systems, with the establishment of universities, the widespread adoption of the printing press, the publication of the first daily newspapers and the rise of compulsory education. These developments, in turn, helped bring about the Enlightenment and laid the scientific groundwork for the Industrial Revolution.

The Industrial Revolution brought back many ‘lost infrastructures’ but it also saw the advent of new forms of energy and transportation, most importantly, the development of steam power. The steam engine enormously enhanced production and revolutionized transportation, greatly shrinking time and space compared to wind and animal powered transport. The steam engine led to the great railroads that would come to crisscross continents and the steam powered ships that were much faster and more reliable than their wind-powered predecessors (Stearns 2007, 38–39). The Age of Steam and its associated infrastructure made the massive wave of colonization in the 1800s and early 1900s possible and set the foundation for today’s globalized world. Steam power also helped bring about modern warfare, as rapid mass deployments of troops and armaments became possible (Herrera 2006).

By the end of the 19th century, the Age of Steam had begun to give way to the age of electricity and the infrastructure most familiar to our modern perspective. The first electrical power stations (coal plants and hydroelectric dams) provided electricity to homes, businesses, and factories, supplanting oil and natural gas lamps and wood burning stoves, and powering new industries. The early automobile and airplane gave rise to entirely new modes of travel and a new culture of personal mobility, and spurred the construction of today’s superhighways and airports. New shipping technologies like containerization and tanker ships allowed for greatly increased and globalized trade. New information and communication technologies like the wireless telegraph, radio, and television transformed how we communicate, at once enabling things as disparate seeming as the more efficient management of far-flung colonial empires and the rise of consumer culture. Advances in water treatment led to major reductions in disease and health problems from malnutrition (due to diarrheal diseases) to cavities, thanks to fluoridation.

We live today in the midst of ongoing revolution in ICT infrastructure that began in the mid-to-late 20th century with the development of the personal computer and first information networks like the ARPANET. The Information or Computer Age and the infrastructure that came with it, from the Internet to globalized ‘just in time’ supply chains has resulted in the creation of an ever more integrated and globalized world, and has begun the transition to increasingly complex networks that encompass multiple forms of infrastructure, like smart electrical grids and smart highways. Where this will take us is one of the great uncertainties we must consider as we look to the future of infrastructure.

Box 1.1 Timeline of Significant Infrastructure Projects[footnoteRef:7] [7:  Most dates are approximate] 

7350 BCE: Defensive fortifications at Jericho built (Mithen 2006)
6000 BCE: Irrigation system built at Cat al Huyuk, Turkey (Fairbairn 2005)
3000 BCE: Irrigation canals built in Mesopotamia and Egypt
3000 BCE: First known large dam built, Jordan (Fahlbusch 2009) 
2600 BCE: First known urban sewer system, Indus Valley (Delleur 2003)
1900 BCE: First known European roads
1600 BCE: Palace at Knossos equipped with running water and flush sanitation
1300 BCE: Arkadiko Bridge built, still in use today, Greece 
700 BCE: Necho’s canal, precursor to Suez Canal built, Egypt (Redmount 1995)
691 BCE: 50-mile long aqueduct to Nineveh built (Aicher 1995)
350 BCE: Work begins on the Southern Grand Canal, China
312 BCE: Rome begins work on the Appian Way
300 BCE: First water-powered mill built, Greece
206 BCE: Great Wall of China built, 6,259 km long
200 BCE: First windmills, Persia
170 BCE: First paved city streets, Rome
200: 53,000 miles of roads in the Roman Empire (McCrae 2001)
618: Grand Canal in China completed, 1,776 km long
1185: First windmill in Europe, England
1582: First pumped city water supply system, London
1825: Erie Canal opens, 584 km long
1865: London sanitary and intercepting sewers completed, 21,720 km of pipes
1866: Transatlantic Cable laid
1869: Suez Canal opens
1869: First transcontinental railroad in the US
1878: First telephone network, US
1879: First commercial power station and electric grid opens, US
1883: Brooklyn Bridge completed, US
1887: First wind turbine built, Scotland 
1914: Panama Canal completed
1936: Hoover Dam completed
1954: First nuclear power station, USSR
1956: Construction of the Interstate Highway System begun, US
1956: Containerized transnational shipping begins
1969: First linked computer network, the ARPANET, US
1970: Aswan High Dam completed, Egypt
1978: First commercial mobile phone network, US
1991: First digital mobile phone network, Finland
1998: Akashi Kaikyo Bridge completed, longest central span of any bridge, Japan 
2001: First broadband mobile phone network, Japan
2008: Three-Gorges Dam completed, China
Primary sources: (Mithen 2006; O’Brian 2000; O’Brien, Philip’s Map Studio, and Cosmographics (Firm) 1999; Hodges 1992; Grun and Stein 1991; Spier 2010; Brown 2008; Christian 2004)
Other Sources: Encyclopedia Britannica, Wikipedia 

[bookmark: _Toc323232036][bookmark: _Toc200095256]Infrastructure’s current extent
The extent of modern infrastructure at the global level is truly remarkable. In 2005, people (and goods) could travel over 18.9 million kilometers of paved roads (enough to circle the globe 470 times), enjoy the benefits of the 4.1 billion kilowatts of electricity produced by the world’s power plants, communicate using 1.2 billion fixed telephone lines and 1.9 billion mobile phone subscriptions, and drink from just over 1 billion household water connections. 

In spite of the truly tremendous extent of modern infrastructure, large portions of humanity outside of the highest income countries do not have access to it. Figure 1.3 shows the levels of access to five key forms of infrastructure for people living in countries grouped into four World Bank economic categories. The clear message is one of continued disparity in the midst of growing abundance. 


Figure 1.3 Selected infrastructure access rates, 2010
Note: Used 2010 for all categories except roads which only extends through 2005; Access to all-weather roads refers to the percentage of the rural population with access.
Source: WDI 2010-2011

In 2010, only 63 percent of the populations of low-income countries had access to an improved source of drinking water, as compared to 99 percent of people in high-income countries. The corresponding numbers for sanitation are even more uneven, with 39 percent of people in low-income countries having access, compared to 99.5 percent. These disparities translate to over 1 billion people globally not having access to an improved water supply, and over 2.4 billion not served by improved sanitation infrastructure. 

Severe disparities also exist in regards to access to transportation infrastructure. In 2005, roughly 70 percent of people in low-income countries do not live within two kilometers of an all-season road (the standard measure of adequate transport access, see (Roberts, KC, and Rastogi 2006, 2), as compared to 7 percent in high-income countries.

Over half of the global population still uses solid fuels in the home and one quarter does not have access to electricity. In the low-income countries, over 90 percent of people still use solid fuels and only 23 percent have access to electricity. In high-income countries, 97.6 percent of all people have access to electricity and only 5 percent use solid fuels.

The spread of mobile phones is one of the greatest success stories in modern infrastructure. More than 33 percent of people in low-income countries already had access to them in 2010, matching or exceeding the portion with access to all-weather roads and electricity. In our forecasts we will see the likely continued rapid growth of access to both mobile phones and the broadband services that they increasingly make available.

[bookmark: _Toc323232037][bookmark: _Toc200095257]The challenges and opportunities looking forward
Most developed countries already have extensive infrastructures and high access rates to them. However, infrastructures have a natural life cycle, and many infrastructures in rich countries are deteriorating and/or reaching the end of their useful lives. All too often such deterioration is occurring without plans or provision of funds for needed renewal or replacement. Infrastructure ‘report cards’ for Australia (Institution of Engineers, Australia 2010), the United Kingdom (Institution of Civil Engineers 2010), and the United States (American Society of Civil Engineers 2009) painted pictures of lagging efforts to maintain existing infrastructure in both countries as well as plan for the infrastructure needs of the future.

In contrast, for most developing countries the primary infrastructure challenge remains building out basic infrastructure and expanding access to the services it provides. What countries now consider basic modern infrastructure, however, is very different from what it was 100 or 200 years ago when currently developed countries were developing their industrial-era base. As the earlier discussion of infrastructure across the ages suggested, there has been a sequence of major transformations in modern infrastructure technology that have in some cases led to replacements by new forms, but that that often led to a layering of additional systems on old ones, meaning that currently developing countries are now attempting to build in decades what the more developed countries built and refined over (especially) the last two centuries. 

For example, a railroad crossed the United States in 1869, and Europe had extensively built them by that time—the oldest perhaps being the Middleton Railway in Leeds, England, established in 1758 (Goodman and Chant 1999).[footnoteRef:8] The development of gasoline-powered automobiles gave impetus across the entire twentieth century to the building of modern autobahns and similar multi-lane paved roads throughout the developed world. The "Great Stink" of 1858, as well as cholera epidemics of the period, led London to build a modern sewerage system with hundreds of miles of main sewers and thousands of miles of local lines before the end of the century. Earlier in the century the city had created a substantial water supply system, sometimes replacing longer-standing wooden pipes with iron ones. In 1879 Cleveland, Ohio, was the first city to use electric lights for public street lighting (even though it still struggled to replace many wooden water mains even late in the 20th century). Although invention is often disputed and many threads of development were underway, the telegraph goes back at least to Samuel Morse's demonstration in 1844, and the telephone to that of Alexander Graham Bell in 1874, while Guglielmo Marconi patented radio in 1896. A near frenzy of invention, engineering improvements, and building has characterized the industrialized world across these centuries, providing some context for the challenges of today's developing countries—also now grappling with the modern information and communications technologies sweeping across rich and poor worlds alike. [8:  http://www.sdrm.org/history/timeline/ For other information on infrastructure timelines see http://en.wikipedia.org/wiki/London_sewerage_system (see also Goodman and Chant (1999); http://en.wikipedia.org/wiki/London_water_supply_infrastructure; http://www.thehistoricalarchive.com/happenings/57/the-history-of-electricity-a-timeline/; http://en.wikipedia.org/wiki/Timeline_of_the_telephone; http://en.wikipedia.org/wiki/Timeline_of_radio] 


One of the consequences of the temporally-compressed effort to create modern infrastructures in low- and middle-income societies is that the portion of GDP devoted to infrastructure spending is often higher, sometimes considerably higher, in those countries than in those with much greater income and wealth (at the same time that they face major expenditure pressures for catch-up in education and health). In addition to the burden of heavy construction and start-up costs, their efforts are often compromised by ineffective governments and poor supplies of other soft infrastructures (including knowledge systems) that are central to successfully building and maintaining hard infrastructure and providing access to it. The higher population growth rates of many developing countries have added extra burdens to efforts to expand rates of infrastructure access. As Doyle and Havlick (2009, 362) pointed out:

Nearly 82 million additional people in Africa, 418 million in Asia, and 79 million in Latin America gained access to a water supply through a house connection during the 1990s. Yet the population increase over this same period of time was even greater.

At the same time, in many developing countries, widely dispersed populations across large geographic areas preclude economies of scale in infrastructure projects. Differences in climate, geography, and natural resources further make the task far more difficult in some countries than others.

For all countries, rich or poor, the nature of infrastructure presents some common challenges. Projects are generally large-scale, expensive, require long time frames to completion, and have long payback periods. Successful projects need long-range systemic planning and long-term funding. However, most political processes do not favor either, and the combined result of all these factors is all-too-frequently delays and cost overruns, even assuming they are eventually completed (see Box 1.2). In addition, the now widely recognized need to move to sustainable forms of infrastructure, which can lead to greater social benefit and less environmental and ecosystem degradation, have added new challenges for rich and poor countries alike.

Box 1.2 The lumpy nature of large-scale infrastructure projects
It is fitting in a way that our debates over infrastructure have been so long and drawn out. The undertakings themselves are by definition large, expensive, and protracted. The latest effort to ensure an adequate water supply for New York City, for example, has already stretched through the administrations of six mayors. The project was conceived in 1954, but construction did not begin until 1970, and fiscal crises halted work several times. The city completed excavation for the $1.75 billion second phase in 2006, leaving two more stages still to be done. Work will go on until at least 2020. . . Like virtually all undertakings of this kind, New York’s tunnel is little remarked but essential.

Bruce Seely “The Secret Is the System” Wilson Quarterly Spring 2008: 47-48 (Seely 2008)

All too often, the role of infrastructure in supporting and extending human development and well-being has been overlooked in past efforts whose specific purpose was to improve the human condition. There are undoubtedly many reasons for this. One is that many such efforts have focused on only one aspect of development (e.g., a literacy program or an immunization clinic operating in isolation from a broader development initiative). As important as such singular efforts may be, many improvements can be realized only if programs cut across multiple development sectors, such as concomitantly advancing education and developing job opportunities. Infrastructure has a vital role to play in such crosscutting efforts.

Even when the importance of crosscutting efforts is recognized, infrastructure is all too seldom represented at the table. Certainly the long time frame and capital requirements of many infrastructure projects are part of the reason for this. At a more fundamental level, however, infrastructure is often viewed as “boring” or negatively as “technical.” As Star (1999, 377–378) noted: 

Many aspects of infrastructure are singularly unexciting. They appear as lists of numbers and technical specifications, or as hidden mechanisms subtending those processes more familiar to social scientists. It takes some digging to unearth the dramas inherent in system design creating, to restore narrative to what appears to be dead lists.

Still, there are bright spots amidst these many challenges, many related to the revolution we are seeing in information and communication technologies. ICTs are enabling developing countries and regions to “leapfrog” the development of expensive landlines and to accelerate greatly their development of and access to systems based on modern computing and telecommunications capabilities, including banking services, market information, and specialized health resources, even in remote areas where roads and landlines are lacking. In developed and developing worlds alike, the more efficient use of infrastructures through sophisticated monitoring and communication systems embedded in roads and other forms of infrastructure—smart infrastructure—has the potential for improving the efficiency and environmental friendliness of infrastructure (Félio 2011; The Economist 2010).

Ultimately, however, the promise of information and communications technologies is realized through human agency—specifically, through the discovery, transfer, and use of innovations (see Box 1.3). These actions require, and are manifestations of, knowledge systems. 

Box 1.3 Realizing ICT’s promise requires soft infrastructures as well
If I were to summarize everything I learned through research in ICT4D*, it would be this: technology—no matter how well designed—is only a magnifier of human intent and capacity. It is not a substitute. If you have a foundation of competent, well-intentioned people, then the appropriate technology can amplify their capacity and lead to amazing achievements. But, in circumstances with negative human intent, as in the case of corrupt government bureaucrats, or minimal capacity, as in the case of people who have been denied a basic education, no amount of technology will turn things around. 

Kentaro Toyama “Can Technology End Poverty?” Boston Review November/December 2010: 15 (Toyama 2010)

* Information and Communication Technologies for Development
Italics in original.
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[bookmark: _Toc323232039][bookmark: _Toc200095259]Goals and targets
Improving infrastructure has an important place in many discussions about international development and this is increasingly reflected in a number of specific and general goal sets. For example, the Millennium Development Goals (MDGs), adopted by the 189 member states of the United Nations in 2000 encompass eight goals and 21 quantifiable targets measured by 60 indicators for reducing poverty and enhancing development. Fay et al. (2005, 1276) pointed out that “achieving the health MDGs will require more than health and education interventions. In particular, infrastructure services have an important role to play, and a failure to recognize this in planning MDG strategies will risk undermining success.” Infrastructure appears explicitly, however, in only one of the MDG targets, which calls for countries to “Reduce by half the proportion of people without sustainable access to safe drinking water and basic sanitation” between 1990 and 2015.[footnoteRef:9]  [9:  Target 7c of the MDGs.] 


Looking beyond the well-known MDGs, other goals for infrastructure exist across all of the major infrastructure categories: 

· Transportation. Roberts, KC, and Rastogi (2006: A-25 to A-26) presented several transportation targets for Africa in a report prepared for a meeting of the Africa Transport Ministers in 2005. Most of these are fairly qualitative or rely on indicators that we do not have in IFs. One, however, is "halving the proportion of rural population living beyond 2 km of an all-season road." The report put no date on this target.

· Water and Sanitation. WHO and the United Nations Children’s Fund (UNICEF) have stated what is both a potentially more ambitious and a more ambiguous goal than that of the MDGs, namely: “to accelerate progress towards universal sustainable access to safe water and basic sanitation by 2025” (World Health Organization (WHO) and United Nations Children’s Fund (UNICEF) 2010, 2). Individual countries and donors have also set their own targets for access to safe water and basic sanitation, some tied to the MDG target, some not (World Health Organization (WHO) and United Nations Children’s Fund (UNICEF) 2010).

· Electricity and Energy. Several institutions and many countries have defined targets in this area. The UN Secretary-General’s Advisory Group on Energy and Climate Change (AGECC) has put forward the goal of ensuring universal access to modern[footnoteRef:10] energy services by 2030 (UN AGECC 2010). In that document, they indicated a starting target of 100 kWh of electricity and 1200 kWh of modern fuels per person per year. In its 2010 edition of the World Energy Outlook, the International Energy Agency defined the targets in their Universal Modern Energy Access Case as 100 percent access to electricity and 100 percent access to clean cooking fuels by 2030 (International Energy Agency (IEA) 2010). Practical Action, a development charity working with support from the Sustainable Energy Programme of the United Nations Development Program (UNDP) and others, has gone further by specifying energy service targets related to: 1) lighting, 2) cooking and water heating, 3) space heating, 4) cooling, 5) information and communications, and 6) earning a living (Practical Action 2010). And many countries have set country-level targets. Legros et al (2009), in a joint UNDP/WHO study, compiled information on such country-level targets from a vast array of sources with a focus on energy access in sub-Saharan Africa and Least Developed Countries. [10:  Legros et al. (2009, 5–6) defined modern forms of energy as household connections to electricity; the use of electricity, liquid fuels, or gaseous fuels as the primary fuel to satisfy cooking needs; and the use of mechanical power (from electricity, modern fuels, traditional biomass, wind, or hydroelectric power) for productive, non-industrial applications.] 


· Information and Communication Technologies. Recommendation 21 of the United Nations Secretary-General's High-Level Panel on Global Sustainability (2012:45) was that governments should work with appropriate stakeholders to provide citizens, especially those in remote areas, with access to technologies, including universal telecommunications and broadband networks, by 2025.

We will return to goals and targets in later exploration of their feasibility, with attention also to the possibility of alternatives that are more sensitive to the current levels of development in countries around the world. One of the difficulties of universal targets is that many countries have already met them while many others may be so distant from the goals that their very statement assures failure.

[bookmark: _Toc323232040][bookmark: _Toc200095260]Existing international analyses of infrastructure and infrastructure futures
A number of important policy-oriented studies have highlighted the role of infrastructure for future global and regional development and human well-being. The 1994 World Development Report (World Bank 1994) was one of the first international studies to focus on infrastructure. Since that time, the World Bank and regional development banks have spearheaded further effort to identify current circumstances, issues, and policy directions across a number of developing regions. These include studies focused on Latin America (Fay and Morrison 2007; Corporación Andina de Fomento 2009), Asia (Asian Development Bank Institute 2009; Asian Development Bank (ADB), Japan Bank for International Cooperation (JBIC), and World Bank 2005), and Africa (Foster and Briceño-Garmendia 2010). This has built upon and further spawned a significant amount of reflection and research on the role of infrastructure in development (see for example World Bank (2006) and Estache and Fay (2010)).

Meanwhile, the International Futures Programme of the Organisation for Economic Co-operation and Development (OECD) has undertaken a series of large-scale studies focusing on the primarily high-income countries that constitute its membership. These resulted in the publication of Infrastructure to 2030: Telecom, Land Transport, Water, and Electricity (Organisation for Economic Cooperation and Development (OECD) 2006), followed by Infrastructure to 2030: Mapping Policy for Electricity, Water and Transport (Organisation for Economic Cooperation and Development (OECD) 2007). A third report, Transcontinental Infrastructure Needs to 2030/2050, is expected in 2012.

A number of other studies highlight infrastructure’s status and needed policy reforms for specific countries. The Africa Infrastructure Knowledge Program of the African Development Bank Group, which grew out of the study that produced Africa’s Infrastructure: A Time for Transformation (Foster and Briceño-Garmendia 2010), has, to date,[footnoteRef:11] published eighteen individual country reports. Earlier we mentioned the periodic infrastructure report cards published for Australia (Institution of Engineers, Australia 2010), the United Kingdom (Institution of Civil Engineers 2010), and the United States (American Society of Civil Engineers 2009). There is also one being developed for Canada (Félio 2011). Since 2007, the Urban Land Institute, in partnership with Ernst & Young, have published annual reports focused on the US, with some global overview (Urban Land Institute and Ernst & Young 2011). [11:  As of 22 August 2011.] 


All of the reports mentioned above provide in-depth analyses across multiple infrastructure sectors (e.g., transportation, energy, water and sanitation, and information and communications). A great many other studies focus on single infrastructure sectors at global, regional, or individual country levels; an important example for our purposes is the World Energy Outlooks produced by the International Energy Agency (2010) which extends its time frame to 2035.

Understandably, the studies focusing on richer countries placed relatively more emphasis on replacing deteriorating infrastructure than the studies of developing areas, where emphasis is on building out basic infrastructure. In fact, one developing country issue is just what constitutes “basic” infrastructure. For example, Foster and Briceño-Garmendia (2010: 12, 15) suggested that achieving universal access to basic infrastructure in Africa will require “practical and attractive second-best solutions” such as standposts and improved latrines in place of household water and sanitation connections. It is hard to imagine a high-income country that would find it necessary to consider similar solutions for basic infrastructure. 

Despite those significant differences in emphasis and opportunity, most policy concerns are similar across developing and developed countries. High on all lists are funding sources and mechanisms, efficiency (and resultant pricing), the role and efficacy of public-private (and other nontraditional) partnerships, the quality of governance and the regulatory environment, and assuring access to basic infrastructure for the poor. In fact, the following statement from the first OECD Infrastructure to 2030 report (2006, 20) could as easily have appeared in one of the studies focused on developing regions:

The central message . . . is that a gap is opening up . . . between the infrastructure investments required for the future, and the capacity of the public sector to meet those requirements from traditional sources. Bridging the gap will demand innovative approaches, both to finding additional finance, and to using infrastructures more efficiently and more intelligently through new technologies, demand management strategies, regulatory changes, and improved planning (Organisation for Economic Cooperation and Development (OECD) 2006, 20).

Estache and Fay (2010) present two more policy issues to add to this list, and while the focus of their paper is developing countries and regions, the issues are also germane to developed countries. The first issue is how to allocate funds between infrastructure and competing sectors (e.g., education and health) in order to get the maximum “boost” in a budget-constrained environment. The second issue involves a similar question in terms of the “where” of infrastructure projects themselves. For example, Estache and Fay (2010, 169) note that investing in poorer regions within a county may be “welfare-maximizing” but not growth-maximizing for the country as a whole, and thus equity-efficiency trade-offs enter the debate.

[bookmark: _Toc323232041][bookmark: _Toc200095261]Forecasts of infrastructure futures
Despite these efforts, there are relatively few quantitative forecasts of the future of infrastructure. Recently, in an effort originating in the World Bank, a small number of studies have begun to provide quantitative forecasts of global or regional infrastructure across multiple sectors. Fay (2001) and Fay and Yepes (2003) first developed and introduced a methodology to estimate future levels of transportation, power, water and sanitation, and telecommunications infrastructure and investment needs that has been used by, or served as the foundation for, most studies since. Briefly, historical data are used to estimate relationships between levels of infrastructure and explanatory variables, such as total GDP. These relationships are then used with assumptions or other forecasts of the future levels of the explanatory variables in order to estimate the future levels of infrastructure. Other data are used to provide estimates of the average unit cost of each type of infrastructure. The amount of spending required for new construction is then calculated by multiplying these unit costs by the changes in the levels of infrastructure. Annual maintenance requirements are estimated as a share of the value of the infrastructure stock, such shares are a function of the expected lifetimes of each type of infrastructure. The value of the stock is then calculated for each type of infrastructure by multiplying its level by its unit cost.

These original studies— Fay (2001) and Fay and Yepes (2003)—only looked a few years out, five and ten years, respectively. Chatterton and Puerto (2006), Yepes (2005) and Bhattacharyay (2010) also maintained similarly short time horizons. More recently, Stevens et al (2006), Hughes, Chinowsky, and Strzepek (2009; 2010), Kohli and Basil (2011), and Kohli and Mukherjee (2011) extended the time horizon of these types of studies, looking out as far as mid-century. Each of these studies followed the same basic approach, but either re-estimated or updated: (1) the relationships between the explanatory variables and infrastructure; (2) forecasts of the explanatory variables; and (3) unit costs. Also, each of these studies included some aspect or aspects of transportation, power, water and sanitation, and telecommunications, but with some differences in specific forms or levels of detail, particularly with respect to transportation (e.g., some included only paved roads while others included all roads, and some included rails, airports, and/or ports while others did not). Regrettably, only one (Kohli and Basil 2011) included broadband (and even then only fixed broadband), despite its explosive growth throughout the world and its promise for transforming infrastructure and infrastructure services in so many ways. 

Estache and Fay (2010), among others, have been careful to note the limitations of the prevailing approach. First, most, but not all of the studies use relationships, unit costs, and infrastructure lifetimes that do not differ across countries or over time. Second, because it uses historical data to estimate the relationships between the explanatory variables and infrastructure stocks, this approach “identifies potential demand given expected growth, not the level of infrastructure that would maximize growth or some other social goal” (Estache and Fay 2010: 163). Third, the projections do not balance the demand for infrastructure against the supply of funds for the construction and maintenance of this infrastructure. Finally, there is no feedback from the levels of infrastructure back to the drivers of infrastructure demand. For instance, such analyses consider no changes in population levels and resulting increased demand for infrastructure services from decreases in child mortality as a consequence of improved water and sanitation; similarly, studies typically do not explore changes in GDP resulting from investments in information and communications technology that may generate still more demand for infrastructure as well as funds to pay for it).

To be fair, a number of the limitations noted above are beyond the main purpose of these studies, which did not extend beyond estimating the levels of infrastructure demand and funding requirements under assumed growth trajectories. And even with this main purpose, a number of the studies began to venture into other areas. Fay and Morrison (2007) and Foster and Briceño-Garmendia (2010) used the costing part of the methodology to estimate the costs of meeting specific social targets for infrastructure stocks, and Yepes (2008) analyzed and compared varied trajectories (e.g., “business as usual” vs. “catching up with MDGs”) for access to safe water and improved sanitation. Yepes (2008) further estimated current expenditures and compared them with calculated demand, although he did not explore whether and how such gaps might be met. And a number of the studies have included sensitivity analyses centered on alternative growth assumptions or, in the case of Hughes, Chinowsky, and Strzepek (2009; 2010), scenarios that compare infrastructure requirements and costs with and without climate change. In summary, these studies, and others cited earlier in this chapter related to the quantification of the relationship between infrastructure and various components of human development, have provided a valuable foundation for our work and informed our modeling approach, which is described in detail in Chapter 4. They also provide projections against which we can compare our results starting in Chapter 5.

[bookmark: _Toc323232042][bookmark: _Toc200095262] Why this Volume
With this volume, we extend and complement the existing work on the future of infrastructure and the relationship of infrastructure to human well-being. The key questions we explore are:

· What is the expected future of infrastructure, considering current patterns of both demand and supply?
· How realistic are the infrastructure targets that have been specified in policy discussions, and what are the implications of pursuing these for broader economic, social, and political prospects of countries, regions, and the world?
· What might be a more realistic, inclusive, and favorable set of targets? 

In order to do so, we:

· Provide forecasts of levels of key infrastructure stocks, access, and spending for individual countries and for global and regional groupings out to the year 2060
· Explore the broader social and environmental implications associated with these forecasts

Importantly, we enter new forecasting territory by:
· Separately considering, and then reconciling, the factors that drive the demand for infrastructure and the supply of infrastructure through a “demand-driven, supply-constrained” approach
· Including mobile as well as fixed broadband in our forecasts
· Exploring selected impacts of different infrastructure futures on future development and human well-being and, in turn, the role that human development plays in the further demand for and development of infrastructure

Figure 1.4 is a simplified representation of our approach.
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Figure 1.4 Infrastructure as a central element in human progress

The International Futures global modeling system (IFs) is the primary tool used for the quantitative analysis and forecasting in this volume. IFs is a dynamic computer simulation tool developed over the last 30 years; its purpose is to facilitate exploration of possible global futures through the creation and analysis of alternative scenarios. The system’s dynamic forecasting capabilities are rooted in its integration of demographic, economic, agricultural, sociopolitical, educational, environmental, energy, and health models. This book builds upon the recent development and addition of an infrastructure model that forecasts future levels of infrastructure, access to that infrastructure, and consequences of that infrastructure in interaction with the other components of the modeling system.

An extensive database underlying IFs covers the time period from 1960 to the present for 183 countries. The model itself is a recursive system that can run without intervention from its initial year (currently 2010) to 2100, while the model interface facilitates interventions flexibly across time, issue, and geography. Most importantly, the forecasts IFs produces, though grounded in historical data, are not extrapolations, but rather represent the results of the dynamic interplay among variables in multiple domains of human development systems.

IFs includes a unique package of strengths: a long forecasting horizon; the representation of complex dynamic relationships; extensive geographic coverage; a very large underlying database; availability for users to explore alternative assumptions; and flexible display formats. Despite these strengths, there are of course caveats about its use and limitations to its capabilities. Some of the caveats are common to all modeling tools—especially the importance of not confusing a simulated representation with the “real world.” Others are specific to the topic of infrastructure and our treatment of it in IFs. One such problem is that infrastructure historical data series are frequently spotty or even non-existent. Another is that the technological transformations that will make future infrastructures more sustainable are not something we can represent in IFs and forecast with any specificity at this time. We discuss in Chapter 4 how we deal with these and other issues. However, because of these caveats and limitations, we stress that we consider IFs to be a thinking tool, not a predicting tool. As we said in an earlier volume in this series: 

We present our results with the request that readers view them as descriptions of what might plausibly occur under alternative specifications of circumstances or policy interventions. Our hope is that by providing a structure and context for analysis and debate about possible futures, IFs will contribute to enhanced understanding and to the quality of choices made in policy arenas (Dickson, Barry B. Hughes, and Irfan 2010).

[bookmark: _Toc323232043][bookmark: _Toc200095263] Conclusion and Road Map for this Volume
Infrastructure both drives and reflects broader socio-economic development. Its presence is at the same time quite obvious, yet often taken for granted. What is clear is that the future of infrastructure and the future of human development and well-being cannot be separated. In this volume, we explore this interdependence as we consider possible developments over the next half-century. We make no special claim to be able to predict the future. Rather our goal is both more modest and more daring. By thinking carefully about what could be, we hope to contribute to the conversations and actions that will shape what will be.

Chapters 2 and 3 establish a foundation for exploring the future of infrastructure. Chapter 2 provides a more detailed picture of the development of infrastructure over the past few decades. It also highlights the need for improved data on both the quantity of infrastructure and infrastructure spending. Chapter 3 explores a number of the key conceptual and theoretical questions surrounding infrastructure, particularly its relationship to broader socio-economic development.

Chapter 4 turns our attention to the future. It explores the various ways in which people have modeled and forecasted issues surrounding infrastructure. Building upon this work, we describe the ways in which we have adapted IFs to forecast infrastructure stocks, access, and spending, as well as how these feed forward to other parts of the model.

Chapter 5 paints a picture of the future of infrastructure as presented in the base case of IFs. This is not a simple extrapolation of individual elements, but rather a detailed exploration of the integrated evolution of infrastructure development and spending in the context of other social-economic and environmental changes over the next half century. It provides us with a rich picture of where we seem to be headed and provides a basis against which to compare our forecasts with those made by others and with goals and targets that have been laid out for infrastructure in policy circles.

Chapter 6 turns more specifically to these currently existing and generally universal goals and targets. Given the traditionally long time frames associated with planning for and constructing infrastructure, are these realistic? What are the net implications for development and human well-being, recognizing that funding for infrastructure maintenance and construction competes with that for other sectors such as health and education? Based upon these results, we also ask if there might not be a still aggressive, but more realistic set of targets for infrastructure development over the next half century.

Finally, we conclude in Chapter 7. There we present key messages for the future of global infrastructure, our reflections on the study, and recommendations for future work.









































2. [bookmark: _Toc199580838][bookmark: _Toc200095264]Infrastructure State and Trends
Infrastructure networks have grown markedly over the past few decades, with more and more people able to access the often vital services they provide. As we saw in Chapter 1, many of these networks are the outcome of a development process as old as humanity itself. But we also saw that there remain significant disparities in access, with millions of people in developing countries still living without access to the most basic infrastructure. 

In this chapter, we delve more deeply into the current state of and recent trends in infrastructure, looking at physical stocks, access rates, and spending levels. In the process, we ask the following questions:

· How much infrastructure currently exists?
· How widespread is the access to this infrastructure?
· How much is spent to build and maintain this infrastructure?
· How have these changed over time?

The answers to these questions set the stage for our exploration of the future of infrastructure later in this volume. They allow us to more clearly identify those countries that have made the greatest progress in closing the gaps in infrastructure coverage and those that have the largest remaining gaps. Finally, they provide us with a sense of the scale of past infrastructure spending and what this means for efforts to close these gaps.

To make our task somewhat more manageable, we select a subset of all the possible forms of infrastructure. We discuss these choices in the next section, comparing these to those made in other studies. This still leaves us with the task of finding consistent and comprehensive data on stocks, access, and spending for these infrastructures. Given the somewhat surprising extent of this challenge, we devote section 2.3 to summarizing this issue, as well the primary sources of our historical data. Only then are we able to address the questions set out above.

[bookmark: _Toc199580839][bookmark: _Toc200095265]2.1 What Comprises Infrastructure?
Physical infrastructure, as broadly defined, is comprised of four main categories: transportation, energy, water and waste, and information and communication technologies (ICT). On this, there is general agreement.[footnoteRef:12] What could be included within each of these categories is quite extensive, however. Water and waste, for example, could include, inter alia, wells, viaducts, irrigation canals, dams, reservoirs, standpipes, household delivery systems, sewers, storm drains, and wastewater treatment facilities. [12:  Some studies, e.g. Hughes, Chinowsky, and Strzepek (2009), also include schools and hospitals, but this is an exception among the studies we have explored.] 


We are aware of no international study that is fully comprehensive in its coverage of infrastructure. Rather they focus on a limited set of key types of infrastructure within each category (see Table 2.1). The reasons for these specific choices tend not to be stated explicitly, although it is a good bet that, along with perceived relative importance, data availability is one key factor. This is an issue, upon which we elaborate in the next section. 

	Table 2.1 Specific infrastructure components included in various studies

	Study
	Transportation
	Energy
	Water and waste
	ICT

	World Economic Forum Infrastructure Pillar (Schwab 2010)
	Roads, railways, ports, air transport (quality)
	Electrical generating capacity (quality)
	Not included
	Fixed line telephones, and mobile phones

	World Development Report 1994 (World Bank 1994)
	Roads, railways, ports, airports
	Electrical generating capacity, piped gas
	Dams, canal works, piped water supply, sanitation
	Fixed line telephones 

	OECD International Futures Programme’s Infrastructure to 2030
(OECD 2006)
	Roads and railways
	Electrical generating capacity and transmission networks
	Water supply, sanitation, wastewater, irrigation
	Fixed line telephones, mobile phones, fixed broadband, and mobile broadband 

	The Africa Infrastructure Country Diagnostic (Foster and Briceño-Garmendia 2010)
	Roads, railways, ports, airports
	Electrical generating capacity and transmission networks
	Irrigation, water and sanitation
	Fixed line telephones, and mobile phones

	World Bank project on the Economics of Adaptation to Climate Change (Hughes, Chinowsky, and Strzepek 2009)[footnoteRef:13] [13:  Hughes et al also include schools, hospitals and other urban infrastructure in their study] 

	Roads, railways, bridges, ports, airports
	Electrical generating capacity and transmission networks
	Water and sanitation
	Fixed line telephones 



We do not attempt to be fully comprehensive in this study either. Our choices have also been influenced by data availability, but they have been further informed by the goals of our study. In particular is our desire to provide quantitative forecasts of future levels of infrastructure stocks, access, and spending and their implications for human wellbeing.

In the end, the specific forms of infrastructure we have chosen to focus on in this study are as follows:

· Transportation systems: roads, paved roads, and rural road access
· Energy systems: electricity generating capacity and access to electricity
· Water and waste systems: area equipped for irrigation, access to improved sources of drinking water, access to improved sources of sanitation, wastewater collection, and wastewater treatment
· Information and communication technology systems: fixed telephone lines, fixed broadband subscriptions, mobile phone subscriptions, and mobile broadband subscriptions


2.2 [bookmark: _Toc199580840][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Toc200095266] The Challenge of Historical Data on Infrastructure
The availability of complete, consistent, comparable, and reliable data remains to this day a limiting factor that is highlighted in almost every international study of infrastructure. In the Organization of Economic Co-operation and Development’s Infrastructure to 2030 study, Stevens et al. (2006, 48) noted “the quantitative and qualitative inadequacy of the infrastructure-related statistics and data sets currently available.” The Infrastructure Consortium for Africa, which played a key role in the Africa’s Infrastructure study, found one of its first challenges to be that:

Even the most elementary data—on quantity and quality of infrastructure stocks, access to services, prices and costs, efficiency parameters, historic spending, and future investment needs—were either nonexistent of limited in coverage. Most standard global databases on infrastructure covered barely a handful of African countries (Foster and Briceño-Garmendia 2010, 32).

In the same year, Estache and Fay (2010, 155) lamented, “Compared to the information available on health or education, for instance, the information gap in the infrastructure sector is huge and shows no sign of narrowing.”

Much of the above concern was focused on the lack of data on physical stocks of, and access to infrastructure. The concerns about data on infrastructure spending are, if anything, even greater. Two decades ago, Easterly and Rebelo (1993, 442) pointed to the “paucity of data on comprehensive infrastructure spending in most countries.” Ten years later, Fay (2001, 19) simply stated “No information is available on public investment in infrastructure.” More recently, the Commission on Growth and Development (2008, 35) noted that “data on public investment in infrastructure is surprisingly patchy,” and Estache and Fay (2010, 156–157) stated that “Data on public spending on infrastructure are largely nonexistent, as very few countries estimate how much they spend on infrastructure”.

This lack of a centralized source of global data on infrastructure is related, in part, to the existing structure of international organizations. Unlike the World Health Organization (WHO) for health or the United Nations Educational, Scientific and Cultural Organization for education, there is no single global organization devoted to infrastructure. Furthermore, infrastructure is not a specific category in the System of National Accounts or the International Monetary Fund’s Government Financial Statistics (Estache 2010, 67).

In terms of historical data on infrastructure stocks and access, we can turn to various international organizations with specific emphases. These include transportation—the International Road Federation (IRF), energy—the International Energy Agency (IEA), and telecommunications—the International Telecommunication Union (ITU). There is no one organization focused on water and waste systems, but a number of different organizations, such as the Joint Monitoring Programme of WHO and the United Nations Children’s Fund (UNICEF), the United Nations Statistical Division (UNSD), and the United Nations Food and Agricultural Organization (FAO), maintain global data related to certain aspects of water infrastructure. Table 2.2 summarizes a number of the data sets these groups maintain.

	Table 2.2 Sources of country-level data on historical infrastructure stocks and access

	Infrastructure type
	[bookmark: _GoBack]Organization
	Spatial coverage
	Temporal coverage
	Infrastructure coverage

	Transportation
	International Road Federation
	Global
	Annual data: 1968-2009
	Total road network length, percent of road network paved, and road density

	Water and sanitation
	WHO and UNICEF Joint Monitoring Programme for Water Supply and Sanitation
	Global
	Annual data for select years: 1990, 1995, 2000, 2005, 2008
	Percent of population with access to improved, piped, other improved, and unimproved water, and sanitation facilities

	
	Food and Agriculture Organization AQUASTAT database
	Global
	Annual date: 1960-2010
	Percent of arable land equipped for irrigation, and water use/withdrawals by sector 

	
	United Nations Statistical Division
	Global (98 countries)
	Date for most recent year only
	Percent of population connected to wastewater connection, and percent connected to wastewater treatment

	Electricity/energy
	United States Energy Information Administration
	Global
	Annual data: 1980-2008
	Total electricity installed generating capacity, and generating capacity by energy type

	
	International Energy Agency
	Global
	Annual data: 1960-2008
	Electricity production by source type, and total electricity production

	Information communication technologies 
	International Telecommunications Union
	Global
	Annual data: 1960-2010
	Number of telephone mainlines, number of cell phone subscriptions, broadband subscriptions, mobile broadband subscriptions, number of computers/internet users



In addition to these primary data sources, the World Bank’s World Development Indicators (WDI)[footnoteRef:14] and the World Resources Institute’s Earth Trends[footnoteRef:15] databases act clearinghouses for much of the same data. We can also turn to Canning (1998), Estache and Goicoechea (2005), and Canning and Farahani (2007), who have drawn on these and other sources in attempts to create global databases of infrastructure stocks and access. Further, as part of the Africa’s Infrastructure project (Foster and Briceño-Garmendia 2010), the World Bank and the African Development Bank developed an extensive database on infrastructure in Africa. Finally, Hughes, Chinowsky, and Strzepek (2009) and Calderón and Servén (2010), among others, have used and modified a number of these databases in their own studies. [14:  http://databank.worldbank.org]  [15:  http://earthtrends.wri.org/] 


The challenge becomes larger for historical data on infrastructure spending. In considering public investment in infrastructure (PII), some researchers have used other measures in the SNA, usually fixed capital formation or government outlays by economic sector, as proxies (Agénor, Nabli, and Yousef 2007; Cavallo and Daude 2008; Ter-Minassian and Allen 2004; Organisation for Economic Cooperation and Development (OECD) 2009). Lora (2007, 7), however, strongly argued against this practice:

because capital expenditures by the central or the consolidated government as measured by the International Monetary Fund’s Government Financial Statistics . . . are a very poor measure of actual PII, which in many countries is mostly undertaken by state-owned enterprises or local governments whose operations are not well captured by this source.

Estache (2010, 67) adds:

Neither the national accounts nor the IMF Government Finance Statistics (GFS) report a disaggregation of total and public investment data detailed enough to allow identifying every infrastructure sub-sector. In national accounts, energy data cover both electricity and gas but also all primary-energy related products such as petroleum. Similarly, the data do not really distinguish between transport and communication. Water expenditures can be hidden in public works or even in health expenditures. 

Meanwhile, the World Bank has been collecting data on private investment in infrastructure in its Private Participation in Infrastructure Project Database.[footnoteRef:16] Unfortunately, there are a number of limitations to this database, which make us hesitant to rely upon it as a primary source of data on infrastructure investment. First, it provides data only on projects in low- and middle-income countries in which there is private participation. Second, the amounts in the database primarily reflect commitments, not actual investments. Third it relies exclusively on information that is made publicly available. Finally, the Bank itself states that it “should not be seen as a fully comprehensive resource.” [16:  The database is accessible at http://ppi.worldbank.org/. The methodology is described at http://ppi.worldbank.org/resources/ppi_methodology.aspx.] 


This leaves us to rely upon national, regional, and global studies and reports that provide estimates on infrastructure spending. Given their varied purposes, these studies and reports tend to differ in a number of significant dimensions: temporal coverage, infrastructure included, sources of funding (e.g. public versus private), and purpose of expenditure (e.g. new construction versus maintenance). Therefore, we need to be careful in comparing data across studies and drawing conclusions from these data. A number of these are summarized in Table 2.3.



	Table 2.3 Sources of country-level data on historical infrastructure spending

	Study*
	Spatial coverage
	Temporal coverage
	Infrastructure coverage
	Source of funds
	Purpose of expenditure

	Connecting East Asia: A New Framework for Infrastructure (Asian Development Bank (ADB), Japan Bank for International Cooperation (JBIC), and World Bank 2005)
	Cambodia, China, Indonesia, Laos, Mongolia, Philippines, Thailand, Vietnam
	Annual data: 1998, 2003
	Separate data for: transportation, telecommunications, water and sanitation, other urban, and power
	Separate data for national government, local government, SOEs, and private
	Not stated

	Africa's Infrastructure: A Time for Transformation (Foster and Briceño-Garmendia 2010)
	Benin, Botswana, Burkina Faso, Cameroon, Cape Verde, Chad, Democratic Republic of the Congo, Congo, Cote d’Ivoire, Ethiopia, Ghana, Kenya, Lesotho, Madagascar, Malawi, Mozambique, Namibia, Nigeria, Rwanda, Senegal, South Africa, Tanzania, Uganda, Zambia
	Annual average for one period: 2001-2006
	Separate data for: electricity, ICT, irrigation, transportation, and water supply and sanitation
	Public and private
	Separate data for new construction and operation & maintenance

	Going for Growth: Economic Policy Reforms (Organisation for Economic Cooperation and Development (OECD) 2009)
	Australia, Austria, Belgium, Canada, Spain, Finland, France, United Kingdom, Ireland, Iceland, Italy, South Korea, Netherlands, Norway, New Zealand, Sweden, USA
	Annual averages for four periods:1970-79, 1980-89, 1990-99, 2000-2006
	Aggregate data provided separately for: 1) electricity, gas, and water, and 2) transport and communications
	Combined public and private
	Aggregate investment from national accounts

	Infrastructure in Latin America (Calderón and Servén 2010)
	Argentina, Brazil, Chile, Colombia, Mexico, Peru
	Annual data: 1980-2006
	Separate data for telecommunications, power generation, land transportation (roads and railways), and water and sanitation
	Separate data for public and private
	‘Total’

	Public Spending on Transportation and Water Infrastructure (Congressional Budget Office 2010)
	USA
	annual data: 1956-2007
	separate data for: highways, mass transit, rail, aviation, water transportation, water resources, and water supply and wastewater treatment
	public only; broken down by: 1) federal, and 2) state and local
	separate data for: 1) capital and 2) operation and maintenance

	Infrastructure Development in India and China—A Comparative Analysis (Kim and Nangia 2010)
	China, India
	Annual data: 1985-2006
	Combined data for electricity, water, gas, transport, communications
	Combined public and private
	Not stated

	Trends in Transport Infrastructure Investment 1995 -2009 (International Transport Forum and Organisation for Economic Cooperation and Development (OECD) 2011)
	Albania, Australia, Austria, Azerbaijan, Belgium, Bosnia, Bulgaria, Canada, Croatia, Czech Republic, Denmark, Estonia, Finland, France, FYROM, Georgia, Germany, Greece, Hungary, Iceland, India, Ireland, Italy, Japan, Korea, Latvia, Liechtenstein, Lithuania, Luxembourg, Malta, Mexico, Moldova, Montenegro, Netherlands, New Zealand, Norway, Poland, Portugal, Romania, Russia, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, United Kingdom, United States
	Annual data: 1992-2009
	Separate data for rail, road, inland waterways, maritime ports, and airports
	public and private sources for investment; only spending by public authorities for maintenance; not provided separately
	Separate data for investment and maintenance

	*In some cases, e.g. ADB, JBIC and WB (2005), we have taken the data directly from the published studies. In other cases, e.g. Foster and Briceño-Garmendia (2010), we have taken data from associated websites (http://www.infrastructureafrica.org/aicd/tools/data), which provide updated and more detailed data. Finally, in other cases, e.g. Kim and Nangia (2010), the authors have been kind enough to provide underlying data that did not appear in the original publication or only in summary form.





2.3 [bookmark: _Toc199580841][bookmark: _Toc200095267] The State of and Trends in Infrastructure: Physical Stocks, Access, and Spending 

Box 2.1 Groupings of country-level data and forecasts
Every major international organization divides the world into regions differently. This can be particularly challenging given the range of sources of data related to infrastructure. Because of their wide use in development studies, we use the World Bank (WB) geographic and income classifications, unless otherwise noted, throughout this volume.

One World Bank classification combines income and geographic groupings to create six developing-country regions (namely East Asia and Pacific, Europe and Central Asia, Latin America and the Caribbean, Middle East and North Africa, South Asia, and Sub-Saharan Africa) and a seventh category that is an aggregation of all high-income countries. The other World Bank classification divides countries in four groups based on income characteristics alone: low-income, lower-middle-income, upper-middle income, and high-income countries respectively.

The specific classification for countries changes over time as they develop and the World Bank updates these each year on July 1. In this volume, we use the World Bank groupings as of July 1, 2011, which are based on 2010 GNI per capita. The Appendix to this volume on global regions identifies the members of the World Bank regions.

2.3.1 [bookmark: _Toc199580842][bookmark: _Toc200095268]Physical stocks and access
[bookmark: _Toc199580843][bookmark: _Toc200095269]2.3.1.1 Transportation
“To get rich, build roads first; to get rich fast, build fast roads”
Chinese proverb cited in Kim and Nangia (2010, 109)

Transportation infrastructure connects societies by expediting the movement of people and goods, and has done so since the beginning of civilization. From the beginning of civilization, advances in transportation technology, from horseback riding and paved roads to sailing ships, have continually shrunk travel times and increased carrying capacity of goods and people. Over time, advances in transportation technologies opened up new lands to exploration, trade, and exploitation, and eventually led to the rise of colonial empires and global trade (Woodman 2002). Today, transportation technologies like the automobile, public rapid transit and air travel have greatly enhanced personal mobility, opening up new social and economic opportunities and altering the ways in which people live. The mobility of goods has followed suit, as flexible supply chains became the norm. The advent of cargo aviation and modern high-volume shipping not only increased goods mobility even further, but also made today’s globalized world possible (Gilbert 2007).
 
Though railways and ships continue to dominate much of domestic and international freight transport, and even as airplanes are an increasingly important aspect of moving both people and goods, roads remain the most fundamental form of transportation infrastructure. They connect and help grow societies in ways that few other things can. The development of new roads is often the first step in creating ‘somewhere’ out of ‘nowhere’. At other times, they are the physical embodiment of the joining of what were once distinct communities.

In the past few decades, there has been significant growth in road infrastructure globally, but much remains to be done, particularly in rural areas of much of the developing world. Between 1975 and 2008, the world’s stock of roads grew from around 20 million kilometers to over 32 million kilometers, an average annual increase of more than 1.4 percent (see Figure 2.1). The growth in paved roads was even faster, at nearly 2.6 percent per year. This raised the percentage of roads that were paved from under 40 percent in 1975 to nearly 60 percent in 2008. Still, the World Bank estimates that “over one billion (31 percent) of the world's rural population (98 percent of them in developing countries) do not have adequate access to transport.”[footnoteRef:17] [17:  From World Bank website on the Rural Access Index (RAI) - http://www.worldbank.org/transport/transportresults/headline/rural-access.html. Accessed on 10 August 2011.] 


Much of the growth in total roads has occurred since 1990 (Figure 2.1). The most significant growth happened in East Asia and Pacific and in South Asia, much of this driven by China and India, respectively. The growth rates in the high-income countries and the developing countries of Europe and Central Asia were much slower than the global average, as reflected in their declining shares of the total.



Figure 2.1 Total roads by region and income group
Source: Data compiled by authors from Calderón (personal communication), Canning (1998), Canning and Farahani (2007), and various editions of the World Bank’s World Development Indicators.

All regions increased the share of their roads that are paved from 1975-2008, but Latin America and the Caribbean and sub-Saharan Africa continued to lag far behind other regions (Figure 2.2). East Asia and Pacific and Middle East and North Africa experienced the largest increase in paved percentage, with the latter actually exceeding the high-income countries by the end of this period.




Figure 2.2 Percentage of roads paved by region and income group: 1975, 1990, 2008 (no data for Europe and Central Asia prior to 1990)
Source: Data compiled by authors from Calderón (personal communication), Canning (1998), Canning and Farahani (2007), and various editions of the World Bank’s World Development Indicators.



While the overall growth in roads has been significant, it has not kept pace with population growth globally or in many regions (Table 2.4). Only East Asia and Pacific and South Asia saw any significant growth in roads per capita. All regions fared better in terms of paved roads per capita, but even here sub-Saharan Africa experienced a net decline. Their total and paved roads grew by 55 percent and 128 percent, respectively, but their population grew by 144 percent over this same period. In other regions, notably the high-income countries, the fairly slow growth in total roads per capita is more likely due to the saturation of the road network. The very large differences in density relative to population between the high-income and other regions, however, indicates that the latter are far from saturation.

	Table 2.4 Per capita road density

	
	Total roads
(Kilometers per 1,000 persons)
	Paved roads
(Kilometers per 1,000 persons)

	
	1975
	1990
	2008
	1975
	1990
	2008

	By region

	East Asia and Pacific
	0.89
	1.20
	2.52
	0.15
	0.32
	1.35

	Europe and Central Asia
	6.02
	6.07
	5.78
	*
	3.80
	3.87

	Latin America and the Caribbean
	4.55
	4.07
	3.64
	0.46
	0.59
	0.59

	Middle East and North Africa
	1.92
	2.13
	2.10
	0.81
	1.18
	1.64

	South Asia
	1.80
	2.20
	3.31
	0.72
	1.08
	1.66

	Sub-Saharan Africa
	3.69
	2.75
	2.41
	0.43
	0.43
	0.41

	High-income countries
	19.44
	18.96
	20.06
	10.66
	12.63
	14.50

	By income group

	Low-income
	2.89
	2.24
	1.81
	0.25
	0.38
	0.32

	Lower-middle-income
	1.97
	2.25
	2.86
	0.58
	1.03
	1.44

	Upper-middle-income
	2.77
	2.74
	3.52
	0.29
	0.85
	1.52

	High-income
	19.44
	18.96
	20.06
	10.66
	12.63
	14.50

	

	World
	5.30
	2.24
	5.15
	2.10
	2.55
	2.97

	* No data for Europe and Central Asia prior to 1990.
Source: Data compiled by authors from Calderón (personal communication), Canning (1998), Canning and Farahani (2007), and various editions of the World Bank’s World Development Indicators.



The Rural Access Index (RAI) was defined by Roberts, KC, and Rastogi (2006, 2) as “the number of rural people who live within two kilometers (typically equivalent to a walk of 20-25 minutes) of an all-season road as a proportion of the total rural population.” Figure 2.3 shows the wide range of access across countries based upon the most recent data available. 

[image: ]Figure 2.3 Current estimates of rural access index, circa 1997
Source: Figure available from the World Bank at http://www.worldbank.org/transport/transportresults/headline/rural-access/rai-map-20070305.pdf 

[bookmark: _Toc199580844][bookmark: _Toc200095270]2.3.1.2 Water
Water is a vital resource, not only because life on Earth depends on it but also because it makes civilization possible, from basic activities like growing food and removing waste, to advanced processes like manufacturing and electricity generation. Cooking and cleaning, cooling and heating, fire protection, transportation, and recreation—they all require the use and management of water. Indeed, managing water resources was at the heart of ancient civilizations. In Egypt, the Nile’s annual floods determined everything from the size of the year’s harvests to the amount of taxes levied. Each year, Egyptian priests would use the Nilometer, a simple stone column used to measure water depth, to make what were perhaps the first forecasts in history: whether it would be a year of plenty or a year of hardship and hunger (Eltahir and Wang 1999). Water remains just as important today, and the level of access to clean drinking water is seen as a central measure of quality of life.

Civilizations throughout history have altered and augmented natural hydrological systems through the creation of intricate networks of canals, dams, reservoirs, pumps, wells, sewers, etc., all in order to harness the benefits of water. These infrastructure networks can be seen as part of an overall water management system (Figure 2.4) that performs three general functions:
1) Water storage and distribution systems to provide better control over the spatial and temporal allocation of water resources, and also to treat freshwater for certain uses
2) Post-use collection and treatment systems to manage and treat water after it has been used but before it is returned to the natural environment or made available for other uses
3) Stormwater management systems to redirect water during floods and storms

[image: ]
Figure 2.4 Water resources and water infrastructure
Source: Created by authors
Note: Blue water refers to water in lakes, rivers, and groundwater aquifers. Green water refers to rainfall stored in the soil and available for the growth of plants. Non-conventional sources include desalinated sea or brackish water, adequately treated domestic or industrial wastewater, and agricultural drainage water. Does not include stormwater management. Definitions taken from FAO Aquastat glossary available at http://www.fao.org/nr/water/aquastat/data/glossary/search.html?lang=en (accessed 23 June 2010)

These networks continue to expand as people strive to make greater use of this precious resource. The largest user of water is for irrigated agriculture, accounting for more than 70 percent of global water extraction.[footnoteRef:18] The total area equipped for irrigation globally has nearly doubled in the past half century, growing from 156 million hectares in 1961 to 312 million hectares in 2009 (Figure 2.5).  [18:  World Bank World Development Indicators online (http://data.worldbank.org/). Accessed 21 October 2011] 




Figure 2.5 Global area equipped for irrigation
Source: FAOSTAT online database available at http://faostat.fao.org.

This growth has slowed from two percent per year in the 1970s to less than one percent per year over the past decade. This is, in part, due to a decline in the overall expansion of agricultural area, but also reflects natural limits on irrigation. Some regions, notably East Asia and Pacific, and Middle East and North Africa, have already equipped more than 70 percent of their potentially irrigable area (Figure 2.6). Sub-Saharan Africa, and low-income countries more generally, have a larger share of their area remaining to be irrigated, but they also have less total area overall that potentially could be irrigated. Not all of the area that can potentially be irrigated will necessarily be equipped for irrigation, however. This can be for a number of reasons, including adequate natural rainfall or unfavorable rates of return to irrigation infrastructure (You et al. 2010).


Figure 2.6 Area potentially irrigated and percentage equipped by income group and region (2007)
Source: FAOSTAT and AQUASTAT, aggregation by authors. We only include countries with data on both potentially irrigable area and area equipped with irrigation. This excludes more than 70 countries, including a large-number of high-income countries.



Although a much smaller user of water in absolute terms than irrigation, the provision of clean drinking water and sanitation are key factors in human health and a significant measure of human development. As such, Target 7.c of the Millennium Development Goals calls for countries to “Reduce by half the proportion of people without sustainable access to safe drinking water and basic sanitation” between 1990 and 2015 (Box 2.2). 

Box 2.2 Defining improved water and sanitation
The Joint Monitoring Programme of the World Health Organization and the United Nations Children’s Fund defines separate ‘ladders’ of sources of access to drinking water and sanitation and drinking water. The steps on the ladder for drinking water are “surface water”, “other unimproved,” “other improved,” and “piped into dwelling, plot or yard.” Persons that are on either of the latter two rungs are considered to have access to improved drinking water. For sanitation, the steps on the ladder are “open defecation,” “unimproved facilities,” “shared facilities,” and “improved facilities.” Only persons on the final rung are considered to have access to improved sanitation. See WHO and UNICEF (2010): 12-13 for further explanation of terms. 

In 1990, nearly 1.2 billion people, or just under a quarter of the global population, were without access to safe drinking water (Table 2.5). Nearly half of the world’s population (around 2.4 billion people) did not have access to improved sanitation. Based upon data as of 2008, the world as a whole is on a path to meet the drinking water target, but not the sanitation target (see Table 2.4), but with large differences remaining between regions and income classes. Sub-Saharan Africa, and low-income countries in general, are not on a path to meet either target. In fact, even as the percentages of their populations without access to improved drinking water and sanitation fell, the absolute numbers of persons in these groups without access actually increased between 1990 and 2008, primarily due to population growth. The only other region not on a path to meet the drinking water target is Middle East and North Africa. Somewhat surprisingly, it is one of only two developing regions, the other being Latin America and the Caribbean, that is on a path to meet the sanitation target.


	Table 2.5 Population without access to improved drinking water and sanitation (%)

	
	Improved drinking water
	Improved sanitation

	
	1990
	2008
	2015 Goal
	1990
	2008
	2015 Goal

	By region

	East Asia and Pacific
	31.4%
	12.2%
	15.7%
	57.7%
	41.1%
	28.8%

	Europe and Central Asia
	  8.8%
	  4.8%
	  4.4%
	13.0%
	10.9%
	  6.5%

	Latin America and the Caribbean
	14.9%
	  6.6%
	  7.5%
	31.4%
	20.0%
	15.7%

	Middle East and North Africa
	14.9%
	12.8%
	  7.5%
	30.1%
	15.5%
	15.0%

	South Asia
	26.6%
	13.4%
	13.3%
	78.2%
	64.4%
	39.1%

	Sub-Saharan Africa
	51.5%
	40.2%
	25.8%
	71.5%
	68.7%
	35.8%

	High-income countries
	  1.0%
	  0.5%
	  0.5%
	  0.2%
	  0.1%
	  0.1%

	By income class

	Low-income
	46.3%
	36.8%
	23.2%
	72.3%
	64.1%
	36.1%

	Lower-middle-income
	27.8%
	15.5%
	13.9%
	67.8%
	54.6%
	33.9%

	Upper-middle-income
	24.0%
	  8.5%
	12.0%
	43.7%
	32.0%
	21.8%

	High-income
	  1.0%
	  0.5%
	  0.5%
	  0.2%
	  0.1%
	  0.1%

	

	World
	23.3%
	13.2%
	11.7%
	47.6%
	39.5%
	23.8%

	Source: WHO/UNICEF Joint Monitoring Programme at http://www.wssinfo.org/. Aggregation done by authors.
Note: Red indicates target will be missed on current path, and green indicates target will be met or has already been met.




Water must eventually be returned to the environment from whence it came, and care should be taken in how this is done lest humanity degrade this resource. Unfortunately, there are fewdata on how this is managed. In Figure 2.7, we plot the percentages of the population connected to wastewater collection systems and wasterwater treatment systems against average income, using data around 2005. We only include the 59 countries for which there is data on both collection and treatment. The countries are ordered in terms of increasing average income, with the blue squares indicating the percentage of the population connected to a wastewater collection system and the red circles indicating the percentage of the population whose wastewater is sent to a treatment facility.

There is a general trend toward greater collection as average income rises, with notable outliers on the downard side being Mauritius, Trinidad and Tobago, and Cyprus (with Moldova, Jordan and Belarus as outliers on the upward side). This trend is also seen, but to a lesser extent, when we look at treatment. There are countries across the income range where the level of treatment is close or equal to the level of collection, indicating that most or all of the wastewater collected is treated. However, there are also a number of countries where there is a large gap between the level of collection and the level of treatment. Some notable cases of gaps among the countries with higher incomes are Iceland, Malta, and Belgium. Moving down the income ladder, Venezuela and Algeria stand out for the same reason. All of these countries are either small islands or have significant coastlines relative to their total area, implying that they may be using the oceans as a ‘free’ treatment facility.
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Figure 2.7 Percentages of population by country with wastewater collected and treated (circa 2005)
Note: Country GDP per capita increases with movement from left to right on the axis.
Source: United Nations Statistics Division at http://unstats.un.org/unsd/environment/qindicators.htm.


[bookmark: _Toc199580845][bookmark: _Toc200095271]2.3.1.3 Energy
Energy, the capacity to do work, is a fundamental characteristic of life and a building block of human development. As late as the 19th century, one term for the modern notion of energy was, in fact, vis viva, or “living force” (Ayres and Warr 2009, 151). The services we derive from energy are innumerable—heating, cooling, lighting, cooking, and powering machinery, just to name a few. It would be hard to overestimate the importance of the invention of fire, emblematic of the ability to harness and use energy beyond that contained in the human body, as a defining point in human and societal development.

It is not surprising, therefore, that a significant share of infrastructure is devoted to finding, refining, distributing, and using energy resources. An energy resource refers to a substance or process from which we are able to derive useful energy.[footnoteRef:19] Energy resources come in many forms—from moving water to sunshine, to a team of horses, to a lump of coal, to uranium ore—just to name a few (Boxes 2.3 and 2.4). In most cases, energy resources are not used in their raw form, and certainly not at the site where they are found. Through various processes, they are moved and transformed from primary into the secondary (or alternatively, final) energy resources (Figure 2.8). [19:  The proper term for the useful component of energy is exergy. While the total amount of energy is conserved in every transformation or process, exergy declines as entropy, the non-useful component of energy, increases (Ayres and Warr 2009, xx). Throughout this volume, we primarily use the term “energy” even though we are technically referring to exergy.] 


Box 2.3 Renewable vs. non-renewable energy resources
A basic distinction often is made between renewable and non-renewable energy resources. Natural processes such as wind, rain, and sunshine constantly replenish the former. In general, renewable energy resources can be described as “flow-limited.” That is, while there may not be ultimate limits to how much energy they can provide, the rate at which they can be utilized is heavily dependent upon the rate of the natural processes that generate them. Non-renewable energy resources, such as coal, oil, and natural gas, are not regenerated on short time scales. In general, these are “stock-limited.” That is, there is no inherent limit to the rate at which they can be utilized, but there are ultimate limits to the amount of energy they can produce, dependent upon the size of the stock. Some energy resources (e.g., wood and other forms of biomass) fall in between these two broad categories.

[image: ]
Figure 2.8 Energy resources and energy infrastructure
Source: created by authors

Box 2.4 Measuring energy and power
Numerous measures exist for energy resources. They can be measured in physical quantities, such as barrels of oil, tons of coal, and cubic feet of natural gas. In general, though, it is preferable to use energy equivalents. The base unit for measuring energy is a joule, but other commonly-used measures include the British thermal unit (BTU), calorie, ton of oil or coal equivalent, barrel of oil equivalent, and watt-hours. Since a joule and most of these other commonly-used measures represent small amounts of energy, it is typical to see energy production and use expressed in terms of orders of magnitude of these measure, such as Gigajoules—a billion (109) joules; Megawatt-hours—a million (106) watt-hours; and Quads—a quadrillion (1015) BTUs.

Electricity generating capacity is measured in terms of power, i.e., the capacity to produce energy rather than the actual delivery of energy or energy services. The base unit for measuring power is a watt, which is one joule per second; for electricity-generating capacity, it is more common to speak of one million watts, a megawatt (MW). One MW represents the capacity to deliver one million joules per second, or 3,600,000,000 joules per hour. The latter is more commonly called a megawatt hour (MW-hr). How much energy a plant with a capacity of one MW will actually produce over a certain period of time will depend upon its actual use.

At each stage—exploration, extraction, conversion, and distribution—there are important infrastructure elements. These vary by the type of energy resource and the stage in the process, and include such entities as coal mines, oil and gas fields, refineries, hydroelectric dams and other electricity-generating facilities, pipelines, transmission lines, tanker ships, and trucks.

Electric generating capacity is the most commonly used measure of energy infrastructure (see, for example, World Bank (1994), Fay (2001), and OECD (2006), but with the increased availability of data, some studies also have started to consider access to electricity and other modern forms of energy (see Foster and Briceño-Garmendia (2010)). Following most previous studies of infrastructure, in our quantitative analyses we focus on these same measures.[footnoteRef:20]  [20:  This is not intended to minimize the importance of other aspects of energy infrastructure, particularly given the expected shifts in the world's energy system driven by concerns over both the remaining amount of key non-renewable resources and the potential environmental impacts of energy use. In particular, the issues of peak oil—the date when global oil production will reach a maximum and start to decline—and climate change, driven in large part by energy use, have come to dominate the global energy and environmental agendas. A detailed examination of these issues is beyond the scope of this study.] 

Global electricity generating capacity increased nearly threefold from 1975 to 2008, growing from just under 1600 Gigawatts (GW) to over 4600 GW in this period (Figure 2.9). Even today, more than half of this capacity is located in high-income countries, although some increase in shares has taken place in the lower- and upper-middle-income countries. Regionally, the most significant changes have been the relative growth in East Asia and Pacific (from under 4 percent of the global total in 1975 to more than 20 percent in 2008) and the decline in Europe and Central Asia (from over 16 percent of the global total in 1975 to fewer than 10 percent in 2008).

The differences on a per capita basis are, if anything, more striking. Not surprisingly, there is a clear pattern in electricity generating capacity per capita with income, but what may be more significant is how this has changed over time (Table 2.6). After some growth in the 1980s, the low-income economies and sub-Saharan Africa experienced declines in electricity generating capacity per capita. Over the entire period, they saw only about ten percent growth, compared to eighty percent growth globally. By 2008, sub-Saharan Africa and low-income economies as a group had only 2 to 3 percent of the generating capacity per capita seen in the high-income countries. In East Asia and Pacific, however, there was a nearly eleven-fold increase between 1975 and 2008. Latin America and the Caribbean, Middle East and North Africa, and South Asia saw more modest but nonetheless significant growth, ranging from a 250 percent increase to a near-400 percent increase over this period. Europe and Central Asia was the only region other than sub-Saharan Africa to experience slower growth than the global average.


Figure 2.9 Installed electricity generating capacity (total) by region and income group (1975-2008)
Source: U.S. Energy Information Administration’s International Energy Statistics (http://www.eia.gov/countries/data.cfm) and work by David Canning at the Harvard School of Public Health (Canning 1998; Canning and Farahani 2007) data available at http://www.hsph.harvard.edu/faculty/david-canning/data-sets/).

	Table 2.6 Installed electricity generating capacity per capita by region and income group (1975-2008)

	
	1975
	1990
	2008

	By region

	East Asia and Pacific
	45
	117
	483

	Europe and Central Asia
	854
	1,133
	1,127

	Latin America and the Caribbean
	121
	230
	331

	Middle East and North Africa
	152
	257
	388

	South Asia
	35
	77
	135

	Sub-Saharan Africa
	88
	117
	97

	High income Countries
	1,616
	2,321
	3,042

	By income class

	Low income
	51
	65
	54

	Lower middle income
	88
	139
	177

	Upper middle income
	183
	300
	591

	High income
	1,616
	2,321
	3,042

	

	World
	393
	524
	694

	Source: U.S. Energy Information Administration’s International Energy Statistics (http://www.eia.gov/countries/data.cfm) and work by David Canning at the Harvard School of Public Health (Canning 1998; Canning and Farahani 2007); data available at http://www.hsph.harvard.edu/faculty/david-canning/data-sets/).



The amount of electricity generating capacity per capita provides only part of the story on energy access. In the United Nations Energy for All initiative, much attention is paid to access to modern forms of energy, with an emphasis on the use of electricity and other modern sources vis-à-vis traditional solid fuels in the home (United Nations Secretary-General’s Advisory Group on Energy and Climate Change (AGECC) 2010). Over half of the global population still uses solid fuels in the home and a quarter does not have access to electricity (Table 2.7). In the low-income countries, over 90 percent still use solid fuels and only slightly over one-fifth have access to electricity. Some of the effects of using solid fuel in the home can be ameliorated by the use of advanced cook stoves and proper ventilation, but these are not always available. Across all regions, rural populations have less access to electricity than urban populations, and this difference is more marked in poorer countries.

	Table 2.7 Access to modern fuels

	
	
	Percent of population without access to electricity

	
	Percent of Population using solid fuels for heating and cooking
	National
	Urban
	Rural

	By region

	East Asia and Pacific
	51
	8
	4
	15

	Europe and Central Asia
	11
	0
	0
	0

	Latin America and the Caribbean
	18
	5
	1
	19

	Middle East and North Africa
	7
	7
	2
	13

	South Asia
	65
	36
	8
	48

	Sub-Saharan Africa
	82
	78
	41
	82

	High-income Countries
	5
	8
	4
	9

	By income group

	Low-income countries
	91
	78
	48
	78

	Lower-middle-income countries
	58
	31
	8
	46

	Upper-middle-income countries
	35
	2
	0
	6

	High-income countries
	5
	8
	4
	9

	

	World
	52
	25
	10
	35

	Source: Legros et al. (2009) and International Energy Agency access to electricity database (http://www.iea.org/weo/electricity.asp)



[bookmark: _Toc199580846][bookmark: _Toc200095272]2.3.1.4 Information and Communication Technologies
While the technology used to create and exchange information has changed considerably, the basic need to communicate has existed throughout history. From the earliest examples of cuneiform clay tablets and human couriers, to heliographs and semaphores, followed by the telegraph and radio, to the present era of global telecommunications and the internet, technology has transformed the speed, reach, and penetration of communication. In this section, we profile the current forms of information and communication technologies (ICT), their historical diffusion, and the gaps therein.

ICT includes the hardware, software, networks, and media required to collect, store, process, transmit, and present information (World Bank 2010). ICT has changed and grown more rapidly in recent years than any other infrastructure, with profound implications for other infrastructures, society, and human well-being (Bohlin, Forge, and Blackman 2006). Modern ICT is often classified as either information technology (IT) or information and communication infrastructure (ICI) (World Bank 2010). The former consists of the hardware and software required for collecting, storing, processing, and presenting information, while the latter provides transmission services through physical telecommunication systems, networks, and related services. Some forms, like the internet and computer operating systems, defy simple categorization (Zittrain 2006; Searls 2008).

In previous studies of infrastructure, the most common quantitative measure of ICT or telecommunications infrastructure has been the number of fixed telephone lines (see, for example, World Bank (1994) and Fay (2001). More recent studies have extended this to include mobile telephones and both wireless and fixed broadband technologies (see, for example, Bohlin, Forge, and Blackman (2006) and Bhattacharyay (2010). These measures still fall far short of the range of indicators used by the World Summit on the Information Society (WSIS) and the corresponding Partnership on Measuring ICT for Development (ITU 2010a). Nonetheless, this set of four measures is a far better reflection of ICT infrastructure than any single indicator, and is the set we used for this study as data are more available for its components than for other indicators. However, some important measurement issues remain (Box 2.5).

Box 2.5 Measuring ICT infrastructure
The measurement of ICT infrastructure is an evolving field, reflecting the rapid evolution of the technologies themselves. Therefore, more than is the case with other forms of infrastructure, it is important to be clear on what indicators actually measure. This is illustrated most clearly by looking at the indicators for mobile phone and mobile broadband penetration.

While the standard measure for mobile phone penetration is subscriptions per 100 persons, it is possible for an individual to have more than one subscription. Persons may have separate phones for work and personal life, frequent travelers may have multiple subscriptions to avoid high roaming charges when abroad, and still others may have multiple subscriptions to enjoy better coverage across geographic areas. A more appropriate measure of coverage uses survey data to derive the percentage of households with a mobile phone, but it is not widely reported by the International Telecommunication Union, the primary source for ICT data

Accordingly, the question remains around the upper limit, or saturation point for the standard indicator. At the turn of the century, the rates of mobile phone adoption began to slow among early adopters, such as Sweden, Norway, Denmark and Finland, and a point of saturation was appearing, somewhere above one mobile phone per person. Other countries, (e.g., Italy and the UAE), show higher overall levels of mobile phone subscriptions, with an upper end of more than two subscriptions for every one resident. Until data-reporting improves, the uncertainty surrounding non-duplicative mobile phone penetration will continue. 

For mobile broadband penetration, we use the ITU’s indicator: Mobile cellular subscriptions with access to data communication at broadband speed per 100 inhabitants (I911_MB). As the description connotes, the indicator measures the potential for broadband access, not active subscriptions or users. The ITU subsequently retired the indicator in the 2011 release and implemented a new subset of indicators measuring active mobile broadband subscriptions. While these new indicators are arguably more accurate, historical data are extremely limited.  We are continuing to use the legacy indicator until data quality for the new measure improves.

We follow the general practice of conceptualizing ICT infrastructure along three dimensions. The first is between unidirectional (e.g., pure broadcast) and bidirectional transmissions. The second concerns the physical means of transport, usually separated into either fixed-line or wireless technologies. Finally, the information or content provided can be separated into either voice or multimedia, which can include data, video, and also voice.[footnoteRef:21] Most modern and future ICT will be bidirectional. This still leaves us with four possible combinations based on the second and third categories, giving us four measures that count access to differing services over distinct infrastructures (Figure 2.10). [21:  Aspects of convergence challenge these distinctions, with any number of services accessible over a variety of physical network infrastructures.] 
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Figure 2.10 Key dimensions of ICT infrastructure
Source: Created by authors.

Figure 2.11 shows the trend for our four ICT access indicators at a global level dating back to 1975, and highlights the relatively recent introduction of technologies other than fixed telephones and their accelerated growth patterns. It also highlights the beginning of what appears to be a trend toward divestment in fixed telephones and their replacement by other technologies.

 
Figure 2.11 World total of lines and subscriptions per 100 persons by ICT type (1975-2010)
Source: ITU 2011

Of course, these summary trends mask considerable regional and economic differences, which warrant a closer look. The next several figures look at each form of ICT infrastructure in turn, both by region and by income class. We begin with fixed-line telephones.

The International Telecommunication Union defines fixed-line telephones as the traditional devices connected to the public switched telephone network providing voice communication. They also support dial-up data access (i.e. narrowband) to various providers and the internet, but this is quite distinct from a digital subscriber line (DSL) broadband connection, which is included in our measure of fixed-line broadband. The recent trend of slowing growth and then declines in fixed-line telephony is not limited to high-income countries (Figure 2.12). For example, between 2005 and 2010, Finland, South Korea, and Japan reduced the number of fixed-lines per 100 persons by an average of almost 15.5 lines. In Turkey, China, and Macedonia, this value declined by an average of 5.7 lines over the same period. Overall, only about half of the countries with data showed an increase in the number of fixed-line telephones per 100 persons between 2005 and 2010. In the countries with least fixed-line coverage, future growth is not foreseen, as these countries are expected to leap-frog directly to mobile telephony (Daga, Manuel, and Narasimhan 2010; James 2009).

While the competitive pressures from mobile and broadband continue, the complete demise of the traditional telephone is far from certain. Future changes in technology will most likely bear the most influence. The effects of convergence and ubiquitous broadband continue to blur the distinction between telephony and the myriad of other services as traditional telephony infrastructure gives way to broadband based, internet protocol communications. Because technological change is an uneven process globally, we expect significant inter-country variation for the foreseeable future. Ultimately, not unlike integrated services digital network lines (a forerunner of DSL broadband technology), some residual amount of fixed-line telephony may persist indefinitely (Organisation for Economic Cooperation and Development (OECD) 2011).

The stagnation and decline in fixed-line telephony is obviously being driven in large part by the revolution over the past two decades in the diffusion of the mobile telephone. Global subscription rates grew from effectively zero in 1990 to 77 for every 100 persons in 2010, equating to nearly 5.3 billion subscriptions (Figure 2.13). While the high-income countries enjoyed an early start, penetration in the developing regions continues to grow rapidly, with the rate of penetration in the developing countries in Europe and Central Asia surpassing that seen in the high-income countries in recent years. Still, gaps remain in both the level of diffusion and apparent growth rates between the highest and lowest performers; even in the latter, growth in mobile phone subscription rates are striking when compared to growth in other forms of infrastructure.


Figure 2.12 Fixed line telephone lines per 100 persons by income group (1975-2010)
Source: ITU 2011


Figure 2.13 Mobile phone subscriptions per 100 persons by income group (1990-2010)
Source: ITU 2011

The ITU defines broadband, fixed-line and mobile, as an internet connection with downstream data transfer speeds equal to or above 256 kilobits per second (ITU 2010b). High investment costs have constrained growth in all but the wealthiest countries in fixed-line broadband (see Figure 2.14). Additionally, countries that have existing investments in fixed-line infrastructure are able to leverage these networks to provide broadband access through more modest technology investments. This is clearly apparent in the relationship between the historical patterns in fixed-line telephony (Figure 2.12) and fixed-line broadband (Figure 2.14). The most aggressive diffusion in fixed-line broadband has occurred in high-income countries where fixed-line telephone infrastructure is most extensive. Conversely, regions with limited fixed-line infrastructure have trailed and regions with very little fixed-line infrastructure have effectively no fixed-line broadband to date.

As with telephony, the lack of fixed-line broadband does not mean that countries will be left behind, but the challenge may be greater here. Mobile broadband is an emerging technology that offers both benefits and limitations when compared with fixed-line broadband. In general, mobile broadband provides inferior service levels and data transfer speeds; however its investment cost is lower and the service is portable. While still evolving, the historical trends suggest an exponential growth pattern similar to that of mobile telephony in at least two regions, namely in East Asia and Pacific and in Europe and Central Asia (Figure 2.15). As with telephony, where fixed-line infrastructure is minimal, mobile broadband is effectively substituting for fixed-line broadband (European Commission 2010). In the high-income countries, the trend has been more one of coexistence.

In summary, the recent history of ICT indicates a significant departure from the historical trends of more traditional forms of infrastructure. While gaps persist between the high-income and developing countries, the rapid technological change in these technologies has brought access to an unprecedented portion of the world’s inhabitants.


Figure 2.14 Fixed-line broadband subscribers per 100 persons by income group (1998-2010)
Source: ITU 2011

Figure 2.15 Mobile subscriptions with access to data communications at broadband speeds per 100 persons by income group (2001-2009)
Source: ITU 2010c
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Citizens in high-income countries now have very nearly universal access to safe water, improved sanitation, electricity and all-weather roads. As countries move from low-income status to high-income status, are there any patterns that characterize their sequence of progression toward such universality of access?  Figure 1.3 of the previous chapter and the discussion here suggest that there may be some such patterns, albeit highly variable across countries and eras.  

For instance, 60 percent of populations in low-income countries already had access to improved water in 2005, whereas fewer than 40 percent had access to improved sanitation, only about 30 percent had access to all-weather roads, and fewer than 20 percent had access to electricity.  The higher rates of access to safe water almost certainly reflect the immediate health implications of unsafe water, and probably also are responsive to the frequently quite dispersed physical availability (via streams and wells) of sources for it.  Except where it must be conveyed over long distances, it often requires less public organization than do roads or electricity systems.

The lowest-income countries often have great difficulty advancing their access rates on all infrastructure forms.  In some cases, as we have seen above with respect to roads in Africa, they are challenged simply to keep up with higher population growth rates than middle-income and high-income countries experience.  They are often also, as Chapter 3 will discuss, handicapped by poorly developed governance capacity, including low ability to mobilize revenues and to use them effectively and with limited corruption for very expensive projects.

Middle-income countries continue to advance their rates of access to water, but not nearly so rapidly as they do access to all-weather roads and especially to electricity (to which access is pretty much universal already for upper-middle income countries).  This almost certainly reflects the high level of demand by citizens with increasing income levels for basic electrical service in support of lighting, refrigeration, and, of course, televisions, as well often of cooking, heating, and cooling. Somewhat higher incomes give rise to ownership of vehicles, private as well as commercial, which pushes up demand for higher-quality roads.  Business people and public authorities also perceive electricity and good roads to be fundamentally important to economic development, providing additional impetus.  Interestingly, access to improvements to sanitation systems tends to grow considerably slower with income than that for other infrastructure.  Not only are such systems very expensive, but individuals can externalize the costs of not having them (including fouling of the water of others) in ways not possible with electricity and all-weather roads, and their importance for economic advance is not as clear-cut.

Access to mobile phones is, of course, a special case.   Figure 2.13 shows that in 2010 citizens of low-income countries had a lower overall access rate to them than we have seen for safe water.  The curve of advance, however, driven by technological change, high levels of citizen demand, and delivery by the nimble private sector, is rapidly moving these access rates up to and above those for other infrastructure forms across the country income categories.

Although we can thus see some patterns in the historical data that we may also expect to influence our forecasts, we must refer back also to another key point of Chapter 1.  Low- and middle-income countries are engaged in a massive catch-up process with high-income ones that have often aggressively built out their own modern infrastructures over the last two centuries.  In the playing out of these global movements towards convergence to truly universal access, we can expect to see both very rapid advance in all infrastructure forms in the developing world, as well as highly variable country patterns driven by idiosyncratic geographies, historical foundations, and private and public choices.  What we can be most certain of is that the push for catch-up will be rapid and will be financially expensive.
2.3.2 [bookmark: _Toc199580848][bookmark: _Toc200095274]Historical spending on infrastructure
There are costs associated with infrastructure throughout its lifetime—from construction through operation, maintenance, renewal, and decommissioning. Even prior to construction, there are expenses related to, inter alia, commissioning, establishing and obtaining rights of way (including to electromagnetic spectrum), etc. These costs are covered in a myriad of ways: by local and national governments, domestic and international private entities, official development assistance and direct investment by foreign governments, and by end users. The exact breakdown varies from project to project. Ideally, there would be consistent and comprehensive data that present us with a picture not only of total infrastructure spending, but also broken down by the type of infrastructure, purpose of the spending (e.g., new construction vs. maintenance), and source of the funding. However, as discussed earlier in this chapter (section 2.3), such data are limited and, by no means, consistent or comprehensive. Still, so that we are able to have some faith in the forecasts we present later in this volume, it is important for us to try to get a handle on past historical spending on infrastructure using those data that do exist.

Beginning with the World Development Report 1994: Infrastructure for Development, a number of studies have presented aggregate estimates of infrastructure spending in the developing countries. In 1994, the World Bank estimated that developing countries spent anywhere from 2 to 8 percent of their GDP on new infrastructure, with an average of 4 percent (World Bank 1994, 14). This was “rarely less than 30 percent and sometimes as much as 70 percent” of total government investment (p.90). They estimated that private investment and official development assistance (ODA) accounted for around 7 and 12 percent of total infrastructure investment, respectively, leaving some 81 percent to come from domestic governments (p.90, 93).

Eight years later, the UK’s Department for International Development (Department for International Development (DFID) 2002, 20) estimated that this investment had increased by 20 percent in absolute terms. Meanwhile, total GDP in developing countries increased by over 28 percent from 1994 to 2002, implying a decline in spending on infrastructure as a share of GDP.[footnoteRef:22] DFID also noted that the share provided by ODA had fallen to represent less than 5 percent of infrastructure spending. They estimated that the share provided by the private sector may have been as high as 25 percent, but acknowledged that this “may be overstated to the extent that it is backed by public sector funds.” [22:  Calculated using data on GDP at market prices for developing economies from WDI 2011.] 


Briceno-Garmendia, Estache, and Shafik (2004, 16–17) reiterated the DFID results and provided some further details. They pointed to general declines in public sector funding as a share of GDP in the 1990s, to the point that it was roughly 2 percent in high middle-income countries and 4 percent in low-income countries at the time of their study. They argued that these declines came “as a result of: (i) an unmet hope for a major financing of infrastructure by the private sector, (ii) fiscal adjustment programs, and (iii) decentralization resulting in mismatches between resources and needs.” (p.17) Briceno-Garmendia, Estache, and Shafik (2004, 16–17) also noted a sharp fall in ODA for infrastructure in the 1990s. Again they pointed to overoptimistic expectation of private sector participation in infrastructure financing. They estimated that private sector commitments (they had no data on actual expenditures) to infrastructure amounted to 20-22 percent of total investments during the 1990s, but this was not enough to make up for the declines in public expenditures and ODA. Furthermore, these commitments tended to be highly concentrated in a small number of countries (p.20-21).

More recently, Estache (2010, 67) reviewed a range of studies and stated that “it seems reasonable to assume that the average investment in infrastructure in the developing world is somewhere between 3 and 4.5 percent of GDP.” He provided ballpark estimates of 5 percent, 3.3 percent, and roughly 1 percent for low-income, lower middle-income and upper middle-income countries, respectively, while noting higher values in some fast growing middle-income countries in Asia including China, Malaysia, and Thailand (p. 68). Estache (2010, 72) also provided “back of the envelope calculations” indicating that “private-sector commitments represented roughly between 25 and 19 percent” of total infrastructure investment in 2006-2007 and ODA “between 4.5 and 3 percent”, which translate into at most 1 and 0.2 percent of GDP, respectively.

Many of the above results are based upon regional studies that have attempted to gather detailed data on infrastructure spending for individual countries (Asian Development Bank (ADB), Japan Bank for International Cooperation (JBIC), and World Bank 2005; Calderón, Odawara, and Servén 2012; Calderón and Servén 2004; Calderón and Servén 2010; Kim and Nangia 2010; Organisation for Economic Cooperation and Development (OECD) 2009; Foster and Briceño-Garmendia 2010). For this volume, we have pulled together the data from a number of these sources, along with data from individual country studies where these are easily available (Congressional Budget Office 2010). The specific sources were summarized in Table 2.3. As we noted earlier, these studies differ in a number of significant dimensions: temporal coverage, infrastructure included, sources of funding (e.g. public versus private), and purpose of expenditure (e.g. new construction versus maintenance). There are also definitional differences across countries within individual studies (see, for example, ITF and OECD (2011)). Therefore, the conclusions we draw from these data are highly contingent and should be viewed with caution. Except where noted, the statements presented in the next few paragraphs are from our own analysis of these data.

The data show a wide range in the total spending on infrastructure as a share of GDP. Figure 2.16 presents the most recent spending estimates for a number of countries gleaned from available studies, keeping in mind the problems in comparability across studies discussed above. In sub-Saharan Africa, for example, countries spend an average of 5.5 percent of GDP per year on infrastructure.[footnoteRef:23] But spending in individual countries ranges from high spending countries Cape Verde (15 percent), Lesotho (8.7 percent), Ethiopia (8.45), and Namibia (8.06), to low spending countries like the Democratic Republic of Congo (0.43 percent), Chad (1.2 percent), and Rwanda (1.6).[footnoteRef:24] In East and South East Asia, spending averaged 6.2 percent, with Thailand spending 15.4 percent and Cambodia 2.3 percent.[footnoteRef:25] Even the OECD (average spending is 3.26 percent) shows a fair amount of variation, with South Korea and Ireland spending the most at 5.3 and 4.5, respectively, and France, the Netherlands, and the United States spending the least at 1.8, 2.25, and 2.4, respectively.[footnoteRef:26]  [23:  Data is for 5-year average from 2000 to 2005]  [24:  Data from AICD]  [25:  Data from Connecting East Asia Report ]  [26:  Data from OECD 2009] 


Calderón (2008, 11) reported that most authors were unable to find any clear pattern between the range of investment rates and country income.  The studies reported above by Briceno-Garmendia, Estache, and Shafik (2004) and Estache (2010), however, as well as our own data analysis, suggest there is a general tendency for total and public spending on infrastructure to decline as a portion of GDP when GDP per capita rises, even while the variation around average levels in lower-income countries is much greater than that in high-income countries. See again also Figure 2.16—although there are developing countries that spend a small share of GDP on infrastructure, including Rwanda, Burkina Faso, and Chad, a large portion of the countries at that end of the scale are high-income countries; in contrast, essentially all of those countries spending high portions of GDP are developing societies.

This pattern with rising income suggests that infrastructure spending has a very different character for societies than do education or health spending. In the latter instances, our own cross-country analysis shows a modest tendency for public educational expenditures to rise as a share of GDP with higher income and a strong tendency for public health expenditures to so rise.  Variations of spending rates for lower-income countries around the average patterns are again sharply greater than in high-income countries.  Infrastructure is not what economists would label an "inferior good", that is one for which demand falls in absolute terms with rises in income (as demand for mass-market beer or white bread tends to do for individuals), but its share of budgets does notably tend to decline on average.  That has important and somewhat positive implications, to which later chapters will return, for the ability of societies to meet physical infrastructure targets.

[image: ]Figure 2.16 Recent estimates of infrastructure spending as a percentage of GDP
Sources: (Asian Development Bank (ADB), Japan Bank for International Cooperation (JBIC), and World Bank 2005; Calderón and Servén 2004; Commission on Growth and Development 2008; Foster and Briceño-Garmendia 2010; Organisation for Economic Cooperation and Development (OECD) 2009)

Most countries have seen public spending on infrastructure as percent of their GDP decline or remain flat over the last few decades. Figure 2.17 shows the trends from the studies that provide time series data for individual countries (Calderón and Servén 2010; Kim and Nangia 2010; Organisation for Economic Cooperation and Development (OECD) 2009; US Department of the Treasury 2010). This has also been directly highlighted by a number of authors. Calderón and Servén (2010) and Estache (2005) noted that, in much of the developing world, the debt and financial crises of the 1980s and 1990s and the resulting push for structural adjustment and austerity programs led to significant declines in public spending that have yet to reverse in some countries. This was most evidently so in Latin America, where public sector spending fell by an average of two-thirds, from a peak of 3.18 percent of GDP in 1987 to a low of .94 percent in 2004 (Calderón and Servén 2010). Kim and Nangia (2010, 102–103) noted that while annual infrastructure investment in East Asia as a share of GDP increased “from 3.6 percent in the 1970s to 4.6 percent in the 1980s, and to 5.3 percent in 1993… after the Asian financial crisis in the late 1990s, infrastructure investments collapsed in many of the affected countries.” Jones (2006, 6), in reviewing much of the data assembled for the Connecting East Asia report, found a similar pattern, with public spending declining in many countries from the 1990s to the early 2000s, again due in large part to financial crisis and response. Cambodia, India, Indonesia, Pakistan and the Philippines saw declines in public funding, while spending increased in China, Vietnam and Thailand outpacing declines in the other of the countries (Jones 2006, 6). Nearly every OECD country for which we have data also saw their infrastructure spending as a percent of GDP fall over time, with the average OECD country seeing a 13 percent decline in spending levels, from a high of 3.83 percent of GDP in 1989 to 3.32 percent in 2005.[footnoteRef:27] In the US, public spending on infrastructure underwent a gradual but steady decline from a high of 3.1 percent of GDP in 1963 to a low of 2.3 to 2.4 in the early 2000s (CBO 2010). [27:  18 percent of OECD countries with data saw an increase in spending versus 82 percent which saw a decline. Data from OECD Stat] 


[image: ]Figure 2.17 Trends in total and public infrastructure spending as a % of GDP since 1975
Sources: Calderón and Servén 2010, Kim and Nangia 2010, OECD 2009, U.S. Department of Treasury 2010.

Private investment in infrastructure has increased in most countries and in most sectors over the last few decades, but except for a few countries, these increases have been unable to make up for the declines in public spending. A primary reason is that most private investments have been highly concentrated in terms of sector and geography. Worldwide, 10 countries accounted for 70 percent of all private investment in infrastructure—Argentina, Brazil, China, India, Malaysia, Mexico, the Philippines, South Korea, and Thailand (Briceño-Garmendia, Estache, and Shafik 2004, 20). Estache (2010) identified Latin America as the best-performing region of the world in terms of private financing of infrastructure at 35 percent of total spending (regional average) thanks to a strong push for privatization. In 1990, private companies in Latin America provided only 3 percent of telephone and electricity connections and close to no water connections. By 2003, private investment levels in Latin America dramatically increased from 0.72 percent of GDP in 1990 to 1.3 percent. Private companies in 2003 were managing 86 percent of all telecom subscriptions, 60 percent of electricity and 11 percent of water connections (Fay and Morrison 2007, iv). Even so, this investment was “insufficient to offset the fall in public investment” (Calderón and Servén 2010, 23). In sub-Saharan Africa, the worst performing region, private investment only provided about 10 percent of total spending, with over 70 percent of the spending going to ICT and 20 percent to electricity, and a negligible amount to transportation and water and sanitation (Estache (2010, 68).

The largest shares of overall and public spending on infrastructure tend to be for power generation and transportation. ICT generally receives the largest share of private investment. The breakdown of infrastructure spending across sectors and in terms of new construction versus maintenance both show more of a pattern across regions. In Latin America, the electricity sector saw the largest share of public spending in the 1980s averaging 1.54 percent of GDP, with transportation second most (.83) and the ICT and water sectors the least (.4 and .2 respectively). By 2005, spending in all sectors had become much more evenly distributed, with transportation now seeing the most at .76, electricity second at .7, ICT a close third at .65 thanks to high levels of private investment and water at .28. In sub-Saharan Africa, the electricity sector also saw the highest level of spending, at 2 percent of GDP, transportation was again the second most at 1.8 percent, and ICT and water and sanitation were both much lower at .77 and .67 percent respectively. East Asia’s spending breakdown was quite similar, with electricity at 2.45 percent of GDP, transportation at 2.6 percent, and ICT and water at .76 and .71 percent respectively.

A significant proportion of infrastructure spending tends to be directed towards operations and maintenance, with higher income countries devoting a larger share of funds to maintenance than lower income countries. In the OECD, maintenance on existing infrastructure tends to account for roughly half of all infrastructure spending (Organisation for Economic Cooperation and Development (OECD) 2006, 218). The US, for example, has since 1984 devoted an average of 50 to 55 percent of its infrastructure spending to operations and maintenance (US Department of the Treasury 2010). In sub-Saharan Africa, on the other hand, maintenance and operations account for only 20 percent of total infrastructure spending, whereas 80 percent has gone to new construction (Briceño-Garmendia, Smits, and Foster 2008, 3). Although this is consistent with the need of low-income countries to build much more new infrastructure, it is also one of the major factors leading to the under-maintenance that plagues Africa’s infrastructure sector (Foster and Briceño-Garmendia 2010, 73) and that of other developing countries. 
2.4 [bookmark: _Toc250297162][bookmark: _Toc250297163][bookmark: _Toc199580849][bookmark: _Toc200095275] Conclusion
Infrastructure takes many forms. Some, like roads, have been with us for much of our history. Others, like mobile broadband networks, are little more than a decade old. In this chapter we have presented a picture of the recent history of infrastructure—at least insofar as how much there is and how much has been spent on it—and how it has varied across countries and over time. Even as some poorer countries have moved rapidly to close the gap with more developed countries, very significant differences remain in the availability of infrastructure. Progress has occurred in fits and starts, reflecting the high up-front costs of most infrastructure, the time frames required for new construction, and the key roles that political and institutional factors play in its development and maintenance.

As we reflect on the progress described in this chapter, we must not forget that:

Infrastructures are not an end in themselves. Rather, they are a means for ensuring the delivery of goods and services that promote prosperity and growth and contribute to the quality of life, including the social wellbeing, health and safety of citizens, and the quality of their environments (Stevens et al. 2006, 20).

In the next chapter, we turn our attention to the relationships between infrastructure and human development and environmental sustainability. This will complete the conceptual foundation and historical review needed to move forward with our own analysis of the future of infrastructure.
























[bookmark: _Toc199583374][bookmark: _Toc200095276]3. Infrastructure, Human Development, and the Environment

Infrastructures are at the very heart of economic and social development. They provide the foundations for virtually all modern-day economic activity, constitute a major economic sector in their own right, and contribute importantly to raising living standards and the quality of life. However, infrastructures also have less desirable consequences. To name but a few – more roads may mean more traffic and more noise, power plants may add considerably to greenhouse gas emissions, and dams may entail the destruction of large areas of countryside and the displacement of population (Organisation for Economic Cooperation and Development (OECD) 2006, 14).

The extent and quality of physical infrastructure are among the most crucial characteristics defining development. Any traveler from the First World to the Third World will be struck by the sheer difficulty of getting around, the economic opportunities lost for lack of transport or reliable energy, the flooding during heavy rains, or the stench of untreated sewage. It is almost trite to say that physical infrastructure is the backbone of any developed economy and a pillar of quality of life. For that matter, the quality of physical infrastructure can determine which developed nations maintain this quality of life in their cities and towns by preventing the collapse of bridges, disruption of neighborhoods, emission of toxic fumes, and the loss of touch with nature as rivers disappear under concrete. Countries with very strong physical infrastructure can maintain dense populations in comfort and cam move people, goods, and information swiftly and at low cost; countries with weaker infrastructure, whether developed or developing, cannot (Ascher and Krupp 2010, 1).

No country has sustained rapid growth without also keeping up impressive rates of public investment—in infrastructure, education, and health.” (Commission on Growth and Development 2008, 5)

For many people in the developed world, daily life rests heavily on infrastructure and the services they provide. Transportation infrastructure allows us to travel to and from work, the supermarket, and even vacation spots around the world. Information and communications technology infrastructure lets us check email and stay up-to-date on world events from our computers, laptops, tablets, and mobile phones. Energy infrastructure heats our homes in the winter and keeps them cool in the summer, and water infrastructure enables us to take a shower every morning. The data on our use of infrastructure services is staggering. In the US alone, the average family in 2010 used 11,500 kilowatt-hours of electricity and 400 gallons of water in pursuit of daily activities (showers accounting for 16 percent of the water consumption). The country’s transportation networks carried some 137 million personal vehicles on its roads and flew some 680 million passengers to destinations across the country and around the world. At the same time, its data networks supported 245 million Internet users, 81 million fixed broadband connections, and 280 million mobile phone subscriptions.[footnoteRef:28] Having access to infrastructure services clearly makes daily life better on an individual basis, but it is only in the aggregate that these benefits come together to create healthier, more educated, safer, and more productive societies. This raises several important questions: what are the mechanisms by which infrastructure and its services produce such macro-level benefits? Conversely, what are the implications for human development of poor or inadequate infrastructure? This chapter seeks to answer these questions in order to further our ability to model the forward linkages from infrastructure to human development.  [28:  Statistics from World Bank World Development Indicators 2011] 


Infrastructure’s relationship to human development is one of interdependence. Infrastructure is at once an engine of economic and social development and is impacted by it, as development leads to an increased demand for new infrastructure and a greater ability for countries to meet that demand. We can see the dynamics of this relationship in action by looking at a few specific examples. For example, while US households enjoy some of the highest electricity consumption levels in the world, many South African households are still without any electricity at all. South Africa has made strides in correcting this, and in so doing has seen a number of benefits in human development. In 1994, South Africa’s first post-apartheid government embarked on a large-scale electrification program specifically targeted at poor rural households and townships. Prior to this program, over two-thirds of the country’s households were without electricity and more than 80 percent still relied on firewood for cooking. By 2001, 2 million more households (or 23 percent of total households in the country) were connected to the country’s electrical grid under the program, at a cost of 1.4 billion US$. Bringing electricity to these households has had a number of positive impacts on human development, from economic growth to health. Economically, female employment rates in the newly electrified areas increased by 9.5 percent, with the greatest gains in rural areas, as time once spent collecting firewood, a predominantly female task, could now be spent more productively (Dinkelman 2011). The increase in employment rates meant greater incomes for affected families, enabling them to improve their diets and to send more of their children to school. The provision of energy infrastructure also had a direct effect on health through decreasing indoor air pollution by replacing wood burning stoves. Under South Africa’s electrification project the number of households using firewood for cooking had dropped 3.9 percent by 2001. At the same time, the increase in incomes that come with electrification will also increase future demand for more infrastructure services, now that families can better afford them.

A similar dynamic exists between infrastructure and the natural environment, with terrain and climate strongly influencing the need for infrastructure and the kind of infrastructure employed, and with infrastructure transforming natural environments. Infrastructure, next to agriculture, represents humanity’s most significant alteration of the natural world. Dams and roads are just two of many examples. Lehner et al (2011) estimated that the approximately 50,000 dams in the world higher than 15 meters together have the capacity to store one sixth of the world’s total annual river flow into the oceans. And while the more than 30 million kilometers of roadways worldwide serve as a major connective network for human society, they also represent a primary cause of habitat fragmentation for natural ecosystems.

Projects like South Africa’s increased rural electrification can have a number of environmental impacts, positive and negative. Most directly, the electricity has to come from somewhere. Depending on the method of power generation, increased electricity production can mean more air and water pollution and perhaps even changes to the landscape (increased mining, new dams, etc). Indirectly, the introduction of more electric stoves will ease pressure on area forests as fewer households use firewood for cooking. In turn, South Africa’s environment will influence the amount of electric generation capacity needed (heating and cooling of homes) and the ways in which the electricity can be generated (energy resources like the presence of rivers, wind fields, etc.).

This chapter explores this coevolutionary relationship between infrastructure, human development, and the environment. We begin with infrastructure’s impact on human development, starting with the relationship between infrastructure and economic growth. We opted to begin here for two reasons. First, the connection between infrastructure and economic growth has received the most attention by researchers and decision makers. In particular, infrastructure projects and the evaluation of their results have focused predominantly on assessments of their contribution to economic development rather than to “social benefits” such as education. Transportation projects, for example, have only recently begun to include potential social benefits as part of the funding process and in evaluating project outcomes (see Odoki et al. (2008)for the development of an approach for such inclusion based on a case study in Uganda), but have long looked at the impact on trade and other economic activities. Second, economic growth is known to strongly influence many other aspects of human development, including inequality, health and education. Because of this influence, it is important to distinguish the direct effects of infrastructure from its indirect effects via economic growth when looking at these relationships.[footnoteRef:29] [29:  This attribution problem arises whenever there are multiple factors in a causal relationship. Thus, we could equally argue that the influence of infrastructure on economic growth is mediated by its effects on education and health. The choice to treat economic growth as the ‘primary’ driver of infrastructure or the ‘primary’ factor impacted by infrastructure is therefore arbitrary, but it is consistent with most of the literature. ] 


We follow up our review of the forward links from infrastructure to human development with a summary of the keys drivers of infrastructure development in order to complete our description of this reciprocal relationship. In doing so we draw heavily upon studies that have attempted to project future demand for infrastructure and the associated funding requirements.

3.1 [bookmark: _Toc197508744][bookmark: _Toc199583375][bookmark: _Toc200095277]The Impact of Infrastructure on Human Development and the Environment
Brenneman and Kerf (2002) provide an important reference point for considering the impact of infrastructure on development. They reviewed the literature on the “poverty alleviation impact of increased access to infrastructure services in four sectors (energy, water and sanitation, information and communication technologies, and transportation)” for the World Bank (Brenneman and Kerf 2002, 1). They classified these impacts into eight categories, based on the work of a cross-sector working group on infrastructure and poverty: “(i) growth-enhancing impacts; (ii) increase of economic opportunities specifically targeted to the poor; (iii) direct savings; (iv) improved education; (v) improved governance framework; (vi) improved health; (vii) direct impact on well-being; (viii) fiscal impact (coupled with pro-poor policies) (Brenneman and Kerf 2002, 1).”

Although their review focused on the poor, Brenneman and Kerf also pointed out that most of these impacts extend to all of society. As such, their classification serves as a good foundation for the review of infrastructure’s relationship to human development presented in this chapter. The first category, growth-enhancing impacts, has received, by far, the most attention by researchers and policymakers. We address categories ii and iii in our discussion of infrastructure’s impact on income inequality. Category vii, direct impact on well-being, is subsumed in these discussions, as well as those on the links between infrastructure and health and education. The one category that we find missing in their review is that of the links between infrastructure and the natural environment, which in turn, can further impact human well-being. Thus, we have added these linkages to the discussion in this chapter. 

3.1.1 [bookmark: _Toc199583376][bookmark: _Toc200095278]Infrastructure and economic growth
According to many economists, Indonesia’s economy has grown more slowly over the last few years than would be expected given the array of positive economic factors going for it. Instead of the 6 percent growth actually charted, the country ought to be ‘growing at 8, 9, or even 10 percent’ annually.[footnoteRef:30] The problem? Poor infrastructure. Indonesia’s infrastructure, from electricity to transportation, has simply not kept up with demand. 50 million people in the country still lack access to electricity and roughly 5 million people in the country’s capital city alone, lack running water.[footnoteRef:31] And what infrastructure is built is poorly maintained, as illustrated by the November 2011 collapse of Indonesia’s ‘golden gate’ bridge, built only ten years ago. And the country saw at least two other such bridge collapses the same year.[footnoteRef:32] Poor infrastructure is clearly having an economic toll on the country. It is often cheaper to import foreign goods than to transport domestically made goods. Cement, for example, costs 10 times more in Papua province (Indonesia’s eastern most province) than it does on Java.  Blackouts and inadequate transportation services have kept many multinational corporations from investing in the country. According to the WEF’s 2010-2011 Global Competitiveness Report, Indonesia’s infrastructure ranks as 82nd in the world in quality, with its ports 96th, roads 84th, and electricity 87th (Schwab 2010). Such poor rankings likely deter investments that might otherwise be made.  [30:  Pilling, David. “Just two cheers for a sputtering Indonesian dream.” The Financial Times. 14 December, 2011.]  [31:  ibid]  [32:  “11 dead after ‘Indonesia’s Golden Gate Bridge’ collapses.” The Telegraph. 28 November, 2011] 


Indonesia’s economy is not the only one to be hampered by poor infrastructure. In Columbia, analysts liken the costs of poor transportation infrastructure to a 10 to 15 percent tax on all transported goods, and estimate that the country’s infrastructure deficits might be costing the country as much as 1 percent of GDP growth a year.[footnoteRef:33] In Africa, poorly integrated regional ICT networks means it costs twice as much to call from one African country to another (1.2 US$ a minute) than to call the US (.73 US$ per minute). Most African countries rely on satellite connections for Internet access, leading to dial-up and broadband services that cost more than twice as much as in other regions of the world (Foster and Briceño-Garmendia, 2010).  [33:  "Bridging the gaps; Colombia's infrastructure." The Economist [US] 17 September. 2011 ] 


Conceptually, the connections between infrastructure and economic growth seem readily identifiable. Infrastructure services function as intermediate inputs in the production process, boost productivity, enable domestic goods movement and international trade, and provide a more attractive environment for foreign investment. Exploring these paths, Hulten, Bennathan, and Srinivasan (2006) and Straub (2008) summarized two general ways in which infrastructure can influence economic growth through production. The first of these  is based on the fact that many infrastructure services function as intermediate inputs in the production process. To the extent that better infrastructure lowers costs for such inputs as transportation, communication, and energy, economic productivity is enhanced. The second pathway refers to more general efficiency-enhancing effects of infrastructure. Straub (2008) identified several channels by which these more general effects occur: 1) maintenance costs are reduced and private capital has greater durability; 2) adjustment costs are lower (e.g., infrastructure lowers the logistic costs of investments and reduces the need for private investment in things like back-up generators); 3) labor productivity is enhanced by increased communication and interaction and through wider spillover effects with better ICT; 4) labor productivity is further enhanced by the impact of infrastructure on human development (e.g., health and education); and 5) improved infrastructure, particularly transport, can lead to economies of scale and scope.

The economic impacts of improved infrastructure also have a significant international component. Mbekeani (2010) summarized the key roles that infrastructure plays in international trade. He pointed to, among other things, the importance of transportation and communications services for logistics management in increasingly globalized markets and production networks, and the important role infrastructure plays in the ability of countries to attract foreign investments. Mbekeani noted, in particular, the importance of infrastructure in promoting regional integration in Central America, Central Asia, and sub-Saharan Africa. In this vein, it is not surprising that the Organisation for Economic Co-operation and Development (OECD) followed up its Infrastructure to 2030 project (Organisation for Economic Cooperation and Development (OECD) 2006; 2007) with a project on transcontinental infrastructure needs (Organisation for Economic Cooperation and Development (OECD) 2009). Other regional development organizations also have sponsored studies that similarly note the relationships between regional infrastructure, increased trade and foreign investment, and economic growth. The Asian Development Bank has invested heavily in such studies (Asian Development Bank (ADB), Japan Bank for International Cooperation (JBIC), and World Bank 2005; Asian Development Bank Institute 2009), and more recently the Permanent Secretariat of the Latin American and Caribbean Economic System (2011) has highlighted the importance of physical infrastructure in that region.

Aschauer’s 1989 study is generally recognized as the seminal paper in what has become a rather large body of empirical research looking at the impacts of infrastructure on economic growth (Aschauer 1989). Studies differ in terms of their measures of infrastructure, including whether they use physical or monetary measures, and what forms of infrastructure they include. While most examine overall economic activity, some focus on specific economic sectors, such as agriculture or manufacturing. They also differ in terms of geographic specificity, ranging from local to national, regional, or global coverage. Straub (2008; 2011) has provided the most recent comprehensive reviews of this literature.[footnoteRef:34] In the first of these, he reviewed macro-level empirical studies, microeconomic studies, and empirical economic geography studies. The latter paper was a critical appraisal of the macro-level literature based on a review of 30 studies. [34:  Another recent review is by Romp and de Haan (2007). For a quick overview, see Servén (2010).] 


A number of technical issues plague this literature, raising questions about the results of individual studies, making comparisons difficult, and thus affecting their value for both modeling and policymaking. Straub (2008) and Calderón and Servén (2010a) have provided helpful summaries of these issues:

1. What is the proper measure of infrastructure—spending or stocks? Most early studies used measures of infrastructure expenditures or public capital expenditures in general. As forcefully argued by Pritchett (2000), however, equating expenditures with levels of infrastructure stocks ignores both significant differences in the efficacy of investment and the presence of corruption in the construction of infrastructure in many countries.  As described in Chapter 2, limited historical data on infrastructure spending is also a major issue. Thus, most recent studies have tended to focus on physical stocks of infrastructure. Even here, there is the question of the relative quality of these stocks across countries (Hulten 1996). Some studies, for example Calderón and Servén (2004; 2010a; 2010b), have tried to address this by including measures of infrastructure quality in addition to quantity.[footnoteRef:35] [35:  Note that the infrastructure pillar of the Global Competitiveness Index described in Chapter 1 (Schwab 2010) and the national infrastructure index proposed by Oswald et al (2011) use a combination of quantity and quality. measures.] 


2. What about interactions between different forms of infrastructure? As discussed in Chapter 2, there are strong interconnections between different forms of infrastructure. Furthermore, there tends to be a high degree of positive correlation between infrastructure stocks; that is, if a country has a relatively large road network, it is more likely to have high ICT penetration. These make it difficult to isolate the specific impacts of individual forms of infrastructure. If an analysis includes only a single type of infrastructure, it will have a tendency to overestimate the impact of that infrastructure because it is not accounting for the other, correlated types of infrastructure. Alternatively, if an analysis includes multiple types of infrastructure, each represented separately, the estimated impacts of the individual types of infrastructure are likely to be insignificant and/or highly uncertain, because it is not possible to properly distinguish between the effects of the individual types of infrastructure (Kennedy 2008). In Chapter 4, we introduce the use of aggregate indices of infrastructure. Most recent estimates of infrastructure’s impact on economic growth have used such an index (see for example Calderón and Servén (2010b; 2010a) and Dash and Sahoo (2010)).

3. What other explanatory variables need to be included? Many non-infrastructure drivers of productivity and economic growth also need to be accounted for in order to identify the specific effect of infrastructure. These include generally observable variables, such as levels of labor and private capital, but also less tangible ones. Straub (2011) classified a number of these into three broad categories: regulatory frameworks and market structure; institutional quality; and political economy, including culture. Calderón and Servén (2010a) added technological factors to this list.

4. What is the direction of causality? We raised this issue earlier in the introduction to this chapter. Does infrastructure cause economic growth or does economic growth lead to more infrastructure? The answer is almost certainly both. The challenge then becomes how to tease out the different effects from the historical data, which necessarily conflate the two. Both Straub (2008) and Calderón and Servén (2010a) point to this as the most serious of the problems in estimating the effect of infrastructure on economic productivity and growth. Recent studies have used more sophisticated statistical techniques in an effort to address the problem.

An additional commonality to most of the studies reviewed by Straub (2008; 2011) and others is that they estimated a constant or linear elasticity of output with respect to infrastructure, implying that the impact of adding infrastructure did not change with the level of existing infrastructure. Estache and Fay (2010, 159) argued that this hypothesis is clearly incorrect, referring to Hurlin (2006, 16–17), who found that:

. . . the productivity of infrastructure (road, electricity, telephones and railways) exhibits strong threshold effects which could be interpreted as network effects. In a first step, when the stock of infrastructure in a sector actually available per worker is very low, the infrastructure investments in this sector have the same productivity as the other investments. On the contrary, when the network is sufficiently developed but not fully achieved, infrastructure investments have a productivity impact that is generally larger than that of other investments. Finally, when the level of physical infrastructure stock per worker exceeds a certain value indicating that the main network is achieved, the productivity rapidly decreases and the infrastructure investments may be not exceptionally productive at the margin. In other words, the highest marginal productivity of investments is reached when a network is sufficiently developed, but not completely achieved. 

This is in line with Fernald’s (1999) conclusion that the construction of the interstate highway system in the United States provided a significant boost to productivity, but that further additions to the road network have had much less of an effect. Several studies of the impact of ICT on productivity have also noted differing impacts at different stages of development, but not always in the same direction. Röller and Waverman (2001) found a larger impact in countries when penetration approached universal coverage. Meanwhile, Qiang, Rossotto, and Kimura (2009) presented results showing larger growth effects from additions of ICT stock for low- and middle-income economies, which, as shown in Chapter 2, generally have lower levels of penetration.

At a more general level, the conclusion that the effect of infrastructure on output is non-linear and may depend upon many other factors should not be surprising. Infrastructure is not free. Investments in infrastructure, particularly public investments, may require redirecting public spending from other sectors, the raising of additional revenues, and/or increased borrowing, each of which can have a dampening effect on economic growth. Therefore, even in the absence of “governance problems of a sector noted for its white elephants, cost overruns, and overly optimistic forecasts of demand” (Estache and Fay 2010, 152), it may be possible to overinvest in infrastructure. In order to address the question of whether or not an ‘optimal’ level of infrastructure exists, it is necessary to also consider the broader economic effects of infrastructure investment. To date, only a few studies have done so (Adam and Bevan 2006; Perrault, Savard, and Estache 2010; Rioja 2001). These studies have looked primarily at the general equilibrium effects of increased public investment on infrastructure. Such broader effects will be a key component of our analyses in Chapters 6 and 7.

Given these several factors and concerns, what can we conclude from the studies of infrastructure and economic growth? Servén (2010, 1) stated that the 

. . . findings are far from unanimous, but a majority of studies reports (sic) a significant positive effect of infrastructure on output, productivity, or their growth rate. This is mostly the case with studies using physical measures of infrastructure stocks; in contrast, results are less conclusive among studies using pecuniary measures such as public investment flows or their accumulation into public capital. 

Straub (2011) reached a similar conclusion. In an online appendix, he provided a summary of the empirical results from 77 different specifications of the impact of infrastructure on economic output drawn from 30 studies published between 1989 and 2006.[footnoteRef:36] Straub focused primarily on whether there was a significant positive or negative relationship between the measure of infrastructure and the measure of economic output; he did not provide the specific estimates in these summaries. Table 3.1 shows a subset of Straub’s results (he also compared the impacts of using different measures of economic growth and different statistical techniques). His results show that more than half of the cases have a significant positive relationship, while less than seven percent show a significant negative relationship. Significant positive relationships are more common in cases that: [36:  This online appendix is available at http://dx.doi.org/10.1080/00220388.2010.509785.] 


· Focus on developed countries or a mix of developed and developing countries
· Use a physical measure of infrastructure rather than a financial measure 
· Use a synthetic measure of physical infrastructure

	Table 3.1 Summary of empirical results of studies looking at the relationship between infrastructure and economic activity

	
	Significant negative relationship
	No significant relationship
	Significant positive relationship

	Total (77)
	6.49%
	37.66%
	55.84%

	By Geographic focus
	
	
	

	Developed countries (23)
	8.70%
	21.74%
	69.57%

	Developing countries (22)
	9.09%
	54.55%
	36.36%

	Mixed (32)
	3.13%
	37.50%
	59.38%

	
	
	
	

	By measure of infrastructure
	
	
	

	Financial (expenditures of public capital) (34)
	14.71%
	44.12%
	41.18%

	Aggregate (27)
	18.52%
	48.15%
	33.33%

	Transport (4)
	0.00%
	25.00%
	75.00%

	Telecom (2)
	0.00%
	0.00%
	100.00%

	Water (1)
	0.00%
	100.00%
	0.00%

	Physical (43)
	0.00%
	32.56%
	67.44%

	Aggregate (6)
	0.00%
	16.67%
	83.33%

	Electricity (11)
	0.00%
	45.45%
	54.55%

	Roads (10)
	0.00%
	40.00%
	60.00%

	Telecom (14)
	0.00%
	21.43%
	78.57%

	Water and sanitation (2)
	0.00%
	50.00%
	50.00%

	Values in parentheses are number of cases.
Source: Straub (2011, online annex); used with permission



Even though these results imply that there is likely a significant positive effect of infrastructure on economic output, it is not possible to provide a simple estimate of the impact of infrastructure on economic output (Servén 2010; Straub 2011). For the reasons discussed above, not all results are comparable, due to differences in, among other things, measures of infrastructure, measures of economic output, and statistical approaches adopted. Even if we were to focus on those few recent studies that use an aggregate index of physical infrastructure and are careful to account for reverse causality, comparisons are difficult due to differences in how the indices are defined in the different studies. 

Still, some things can be learned by looking at a few specific results. For example, Calderón (2008, 12) attributed over half of sub-Saharan Africa’s improved growth performance between the 1990s and the early 2000s to infrastructure improvements. The most significant contribution was from ICT. At the same time, declines in the quality of provision of electricity services prevented the sector from having an even more positive impact on growth. Figure 3.1 shows the effect of infrastructure development on economic growth more generally (César Calderón and Servén 2010a, i40). This shows that most regions benefited from improvements in both infrastructure quantity and quality between the early 1990s and early 2000s. These results are in line with related work by Escribano, Guasch, and Pena (2010) using firm level data. Using both survey and other data, they showed that poor infrastructure quality is not only perceived as a constraint on growth, but that this effect can also been seen in data on productivity.


Figure 3.1 Changes in growth in GDP per capita due to infrastructure development from 1991-1995 to 2001-2005
Source: Calderón and Servén (2010a, i40)

It is the potential negative consequences of poor and or inadequate infrastructure (infrastructure gaps), however, that seem to have attracted the most attention from policy makers. In the Seoul Summit Document (G20 2010, 3), world leaders from eight major governments included infrastructure as one of nine key pillars where “action and reform are most critical to insure inclusive and sustainable economic growth and resilience in developing countries and [low-income countries].” The G20 report further noted that “Gaps in infrastructure, including with respect to energy, transport, communications, water and regional infrastructure, are significant bottlenecks to increasing and maintaining growth in many developing countries” (G20 2010, 1). Box 3.1 explores how this plays out in the agriculture and food sector as an example.

Box 3.1 Infrastructure as a key factor in the agriculture and food sector
Accessible, quality infrastructure is vital to feeding the world. From connecting farmers to markets and allowing easier transport of inputs like fertilizer, to irrigation systems providing water in otherwise dry lands, from refrigerated trucks preventing spoilage to super-efficient GPS- directed tractors, infrastructure in its various forms makes the modern agricultural systems of developed countries possible, and may hold the key to fighting hunger and rural poverty in developing countries.

Infrastructure’s most important role in agriculture is to reduce the transaction costs caused by farm isolation. In general, the more isolated a farm is from the nearest market, the lower the farm’s agricultural productivity, as with greater distance comes higher transaction costs. Inputs and products require time and money to transport, and the farther the distance or the poorer the infrastructure, the higher the cost (Stifel and Minten 2008). Transport costs in Africa, for example, are often five times higher than in Asia, due to the region’s poor road networks (Hodges, Buzby, and Bennett 2010). Costlier inputs force isolated farmers to use fewer of those inputs, limiting yields. In Madagascar, maize and cassava yields in the most isolated of farms were 50 percent lower and rice yields 30 percent lower than the least isolated of farms (based on geographic distance and road density) (Stifel and Minten 2008). According to IFPRI, farms with better access to roads paid 14 percent less for fertilizer, saw 32 percent higher crop output and were able to pay 12 percent greater wages than those with little to no access to road infrastructure (Spencer 1996).

However, for many crops, simply being able to physically move them from one place to another isn’t enough. The lack of electrical infrastructure in many developing countries has made crop spoilage the primary culprit behind post-harvest crop losses. Estimates of total post-harvest loss, or food waste, range from ten to fifty percent of harvested crops, with a significant part of this loss due to poor infrastructure (Gustavsson et al. 2011; Hodges, Buzby, and Bennett 2010; Parfitt, Barthel, and Macnaughton 2010).

Fan, Hazell, and Thorat (2000) found that while investment in improved roads and other hard infrastructure like irrigation systems have the biggest impacts on agricultural productivity, the provision of agricultural extension also has a significant impact. The effectiveness of agricultural extension highlights the growing importance of ICT infrastructure in agriculture. The spread of mobile communications throughout the developing world is enabling governments to provide more agricultural extension services to once isolated famers, allowing farmers to better communicate with each other and the markets, and providing real-time information on food prices.

3.1.2 [bookmark: _Toc199583377][bookmark: _Toc200095279]Infrastructure and income distribution
Economic growth is generally considered a necessary condition for poverty reduction. However, as we noted in the first volume of this series, Reducing Global Poverty (Barry B. Hughes et al. 2009), poverty is a function not only of total economic activity, but also of the distribution of income resulting from this activity. Thus, in addition to its effect on overall economic growth, we need to consider the effect of infrastructure on income inequality.

Calderón and Servén (2004; 2010a) reviewed studies exploring the connections between infrastructure and income distribution, pointing in particular to initial work by Brenneman and Kerf (2002), Estache, Foster and Wodon (2002), and López (2003). These studies identified several pathways by which infrastructure development can be expected to disproportionately benefit the poor (thereby reducing income inequality), but they did not provide quantitative estimates of the size of these effects. Among the critical pathways are the following:

· In the short-term, improved roads and other infrastructure improvements reduce the cost of bringing products to markets and, more generally, help to integrate underdeveloped areas into national and international economic networks.
 
· In the longer-term, by improving levels of education (e.g., access to electricity allowing more time to study) and health (e.g., access to clean drinking water and sanitation significantly reducing child morbidity and mortality), improved infrastructure enhances the future earning potential of the poor (we address health and education in the following sections). 

Underlying these connections is the recognition that it is the poor who have the least access to existing infrastructure; and too often, even when present, that infrastructure is of lower quality (Banerjee et al. 2008; Briceño-Garmendia, Estache, and Shafik 2004; Foster and Briceño-Garmendia 2010; Banerjee et al. 2009). Thus, infrastructure’s role in reducing income inequality depends upon all three aspects of infrastructure development—quantity, quality, and, perhaps most importantly, access.

There are a small number of empirical studies that do analyze the infrastructure-income distribution connection (Cesar Calderón and Chong 2004; César Calderón and Servén 2004; César Calderón and Servén 2010a; López 2003; López 2004).[footnoteRef:37] As with the studies of infrastructure and overall economic growth, some of the more recent of these (Calderón and Servén 2004; 2010), also considered non-infrastructure drivers of income inequality, including changes in average income, and addressed issues of measurement, reverse causality, and heterogeneity in their analyses. Unlike the somewhat mixed results linking infrastructure to overall economic growth discussed above, there was strong agreement in all of these studies that improvements in both the quantity and the quality of infrastructure lead to reductions in income inequality, but only so long as those improvements allowed for increased access by the poor. More specifically, Calderón and Servén (2010a) estimated that in the period from 1990 to 2005, growth in infrastructure stocks led to reductions of income inequality ranging from just under two to nearly four points across all global regions, as measured by the Gini coefficient (see Figure 3.2.[footnoteRef:38] Most regions, with the key exception of sub-Saharan Africa, also saw an improvement in infrastructure quality, further reducing inequality by one-half to two points. Unfortunately, over the period studied, sub-Saharan Africa saw an overall decline in the quality of its infrastructure, which lessened the reduction in inequality in the region. [37:  We have not considered studies, such as Ogun (2010), which do not explicitly distinguish between growth and distribution effects in estimating the impact of infrastructure on income poverty.]  [38:  The Gini coefficient is one measure of the level of inequality between income groups based on the distribution of total income. Here, a value of 0 implies complete equity—that is, that income is equally shared by all persons— while a value of 100 implies all of the income is earned by a single person. The Gini coefficient can also be expressed in terms of 0 to 1.] 



Figure 3.2 Changes in inequality due to infrastructure development from 1991-1995 to 2001-2005
Note: Uses 100-point Gini index.
Source: Modified from Calderón and Servén (2010a, i46)


Box 3.2 rural electrification and inequality 
In Bangladesh, an effort to electrify rural areas brought a number of benefits to the impacted areas. Newly electrified households showed a 22 percent increase in income, along with increased off-farm employment opportunities, as now electrified businesses expanded their operating hours from 9 to 14 hours and hired more workers (Songco 2002, 4). In India, rural electrification led to the replacement of diesel pumps for well-based irrigation with electric ones. The new pumps brought increased efficiency and lower fuel costs, both of which allowed farmers to raise yields and incomes. Project impact assessments in both countries suggest that the electrification of agriculture was especially significant in reducing the incidence of absolute poverty as access to electricity spurred farmers to move towards more modern forms of agricultural production (Songco 2002, 5). 


3.1.3 [bookmark: _Toc199583378][bookmark: _Toc200095280]Infrastructure and health
Infrastructure can play significant roles, positive and negative, in relation to human health. It reduces the degree to which individuals are exposed to many specific health risks, increases the access of individuals to healthcare, and improves the nature of healthcare itself. Properly maintained and functioning infrastructure provides direct protection from, as well as the means to deal with the aftermath of, human-caused and natural disasters (Streips and Simpson 2007). More broadly, infrastructure like improved irrigation and rural roads, can impact health indirectly through boosting agricultural productivity, and thereby reducing undernutrition (see again Box 3.1). Also, to the extent that infrastructure enhances overall economic growth, reduces income poverty, and boosts education (discussed below) it enhances both the access to, and provision of, health services. It also can lead to many injuries and deaths, however, as do high many transportation systems including those for automobiles, especially when poorly designed.

Few studies have attempted to quantify directly and comprehensively the impacts of infrastructure on health. The World Health Organization (WHO), in its Global Burden of Disease, Comparative Risk Assessment, and Environmental Burden of Disease projects (see in particular Desai, Mehta, and Smith (2004) and Fewtrell et al.(2007), has summarized many of the studies related to the impacts of infrastructure on specific disease outcomes. Specifically, WHO estimated that, in 2004, nearly 2 million deaths were attributable to unsafe water and sanitation, and a similar number were attributable to indoor air pollution related to the use of solid fuels for heating and cooking (World Health Organization (WHO) 2009a). In related work, Hutton, Haller, and Bartram (2007) estimated that 70 percent of all incidences of diarrhea in developing countries could be prevented if all households had direct connections to sources of drinking water and sanitation.

Fay et al. (2005), building on earlier work by Leipziger et al. (2003), explored the role of infrastructure, income inequality, urbanization, education, and direct health interventions  in meeting the child-health-related Millennium Development Goals for reductions in infant mortality, child mortality, and stunting (a proxy for undernutrition). Specifically, they included these aspects of household infrastructure: access to improved sanitation, access to piped water, access to electricity, and the presence or absence of a dirt floor. Their results indicated household infrastructure has significant direct effects on child mortality and stunting while the impacts on infant mortality were smaller and operated indirectly, primarily through undernutrition. And in a study of nine developing countries, the World Bank (2008) estimated that increased rural electrification was associated with lower levels of fertility, primarily due to increased health knowledge. The same study also showed a statistically significant link between rural electrification and nutrition; however, it found no clear link to infant and child mortality.

At the same time, electrification has proven very important to human health by enabling the production and distribution of perishable medicines. In Colombia, Mexico, and Peru, a series of national programs enhanced healthcare provision to rural areas by installing clean energy infrastructure to electrify local health clinics and replace the often-faulty kerosene refrigerators used to store vaccines. Electrification helped to increase vaccination coverage, increased the speed of disease diagnosis and resulted in overall improved health outcomes. In Africa, the World Health Organization implemented a similar program, dubbed Cold Chain, which used solar energy infrastructure to increase vaccine safety (Jimenez and Olson 1998, 35). 

Infrastructure also impacts health through the vital role it plays in the supply of food, as discussed earlier in Box 3.1 and briefly summarized here. Irrigation significantly increases the yield of many crops, as do other tangible and non-tangible resources, including fertilizer and agricultural knowledge. Pinstrup-Anderson and Shimokawa (2008) summarized much of the existing research on the importance of infrastructure for access to these input and output markets. Once produced, infrastructure, particularly in the form of roads and energy for cooling, are integral to the storage and transportation of foodstuffs to the ultimate consumer.

In Morocco, a project to pave and upgrade some of the country’s rural road networks, which serve 70 percent of the country’s poor, resulted in a number of health benefits to the rural population, some obvious, some less so. Rural healthcare clinics connected to the newly improved roads saw patient access rates increase and better attendance by staff workers. Easier access to the facilities also meant that they could stock more medicines, especially perishable ones, as transport times were less. Less obvious, the improved roads also resulted in an improvement in local diets as the price of perishable foods like fish, vegetables and fruit declined (Songco, Jocelyn 2002; 13). 

Today, information and communication technology (ICT) infrastructure holds perhaps the greatest potential for improving the deliverability, quality, and efficiency of health services. The development of ICT has generated significant expectations and spurred such modern terms as telemedicine, eHealth, and health information technology (HIT). Generally conceived, ICT is understood to impact health by enabling improved access to information and services, the provisioning of care where otherwise unavailable, enhanced professional education, increased quality control, and reduced costs (Hjelm 2005). Of particular importance to remote and rural areas, it facilitates the “delivery of health care and the exchange of health-care information across distances” (Craig and Patterson 2005, 3).

The increased use of ICT in the medical field has spawned a number of studies that try to estimate empirically its net benefits. One set of studies, primarily looking at developed countries, has focused on potential cost savings from the use of Electronic Health Record systems (EHRs). Chaudhry et al (2006), Goldzweig et al (2009), and Buntin et al (2011) provide a series of systematic reviews of many of these studies in developed countries. The OECD (2010b) also conducted a detailed analysis of specific cases in five developed countries. Hillestad et al. (2005) estimated that universal adoption of EHRs in the U.S. could save physician offices 142 billion and hospitals 371 billion over a 15-year period, while the Congressional Budget Office of the United States cited work estimating that IT-enabled efficiencies could save 77 billion per year (Congressional Budget Office 2008). Beyond anticipated cost reductions, OECD (2010b, 34) also noted direct effects by improving patient safety and quality care through a reduction in medical errors and better patient monitoring. In one example, British Columbia (Canada) realized a 21 percent increase in diabetes testing compliance through the implementation of an ICT-enabled chronic disease management toolkit and related support system. 

Studies focusing on developing countries have looked more at how ICT has been used to improve access to medical treatment. In Mali, the deployment of a national telemedicine network helped improve distance medical learning and consultations (Geissbuhler et al. 2003). The project, while experiencing some challenges, was subsequently extended into ten French-speaking countries and added medical laboratory quality control and rural telemedicine evaluations (Geissbuhler, Bagayoko, and Ly 2007, 351). In Peru, a more extensive project deployed telemedicine capabilities in 39 rural sites in the remote Alto Amazonas province (Martínez et al. 2004). The project realized improvements in emergency evacuations, diagnosis and treatment, and epidemiological surveillance, while estimating full repayment of investment costs in 30 months. Finally, telemedicine has enabled collaborations between developing and developed countries, as in a Jordanian/Canadian joint effort to extend pediatric neuro-oncology consultations (Qaddoumi et al. 2007). Using videoconferencing, physicians were able to review and discuss 72 cases affecting 64 patients undergoing treatment from varying types of brain tumors. Of the cases selected for consultation, 36 percent received recommendations for major changes in treatment, with a 91 percent compliance rate in subsequent treatment (Qaddoumi et al. 2007: 39).

However, we would be remiss not to elaborate also the negative impacts infrastructure can have on human health. As mentioned, traffic accidents and fatalities along the world’s roadways are perhaps the most direct of these impacts. According to estimates by WHO (2009b, vii), more than “1.2 million people die each year on the world’s roads, and between 20 and 50 million suffer non-fatal injuries.” While many factors determine the rate of road traffic accidents resulting in death, injury, and disability, it is clear that building more roads will generally mean more vehicles and more accidents (although safer roads and vehicles can offset or reverse this relationship). This concern is reflected in the establishment of the International Road Assessment Programme and in the inclusion of ‘safe roads and mobility’ as one of five pillars of the Global Plan for the Decade of Action for Road Safety 2011-2020 (World Health Organization (WHO) 2011), as the design of roads and road networks can either enhance road safety or lead to more road accidents. 

Along with traffic accidents, increased transportation activity contributes to air pollution. Urban outdoor air pollution, to which transportation contributes significantly, is known to cause a number of respiratory and cardiovascular health issues in affected populations, and is estimated to have caused more than 1.3 million deaths globally in 2008.[footnoteRef:39] Lower-middle to upper-middle income countries tend to be the most affected, but negative health impacts from air pollution are present across both developing and developed countries (WHO 2011).  [39:  Data provided on the WHO website - http://apps.who.int/ghodata/?vid=34000.] 


More indirectly, the expansion and integration of transportation networks across the globe— while providing new economic opportunities, fostering international trade, and increasing migration—has also aided the spread of disease. Pathogens from influenza to HIV/AIDS are now able to move ‘farther, faster, and in greater numbers’ thanks to increasing levels of mobility (Tatem, Hay, and Rogers 2006, 6242). 

And finally, when human-made infrastructure fails, the results can be devastating in terms of deaths and injuries. For example, dams and levees encourage increased development in areas that have traditionally been subject to the vagaries of flooding. The largest dam disaster on record occurred in August 1975, with the failures of the Banqiao, Shimantan, and 60 other dams in Henan province in central China. The ensuing floods, famine, and epidemics killed an estimated 200,000 people (Pearce 2006; McCully 2001). In the United States, the levee failures in and around New Orleans during Hurricane Katrina in 2005 resulted in the flooding of an estimated 80 to 85 percent of the New Orleans metropolitan area, 1,120 to 1,570 deaths (counts vary)[footnoteRef:40], and some 50 to 100 billion dollars in damages, primarily due to flooding (Seed et al. 2005, 2–11; Jonkman et al. 2009, 683; Blake et al. 2007, 4; Kates et al. 2006, 14655). [40:  Only includes deaths that occurred within Louisiana.] 


3.1.4 [bookmark: _Toc199583379][bookmark: _Toc200095281]Infrastructure and education
As is the case with health, although the links between infrastructure and education are intuitively reasonable and frequently asserted, there is less empirical support for these claims than might be desired.[footnoteRef:41] Further, in studies of the forward linkages from infrastructure to education, typically only one infrastructure sector is considered at a time; the measures of impact vary from study to study; and the scope of any study is most often an investigation of the results of a single infrastructure project in one location. Thus, the quantitative results and stylized facts that can be generalized to other locales, countries, and regions are few and far between. Even so, the cumulative evidence from the literature is that infrastructure, in homes and communities as well as in schools themselves, does affect school enrollment, attendance, and learning, and that it does so through a variety of pathways. [41:  Some studies, notably Hughes, Chinowsky, and Strzepek (2009), actually include school facilities as a component of infrastructure.] 


Simply getting to school is often a major challenge to students and teachers. All-weather roads are key, particularly in rural areas. They shorten the travel time to a given location, including for those who walk or travel by bicycle. The presence of roads also encourages the establishment of new schools in areas that were previously more remote (Anderson and Vandervoort 1982, 23). Teachers are easier to recruit when they can travel to schools by good roads, and the absenteeism of both teachers and students due to bad weather is significantly reduced. In Vietnam, for example, rural road improvements allowed for year-round access to schools as children were able to get to and from school even during the rainy season, whereas in the past they were often forced to spend the night at the school (Songco 2002; 24). The attendance of girls (whose enrollment rates still lag those of boys in many developing countries) is especially affected for at least two reasons: (1) travel by road is safer; and (2) reduced travel time is especially helpful for girls, who are more likely than boys to spend more hours on family responsibilities and who are more likely to walk rather than have access to a bicycle for transportation than are boys (see Porter et al. (2011) for a particularly rich exploration of transport, mobility, and girls’ school attendance in Ghana, Malawi, and South Africa). 

Access to modern forms of energy, particularly electricity, also play a key role in education Having such access in the home allows students to read and study more easily at night; it also makes more time for them to attend school and to study because they do not have to gather wood or other fuel sources. An analysis of Demographic and Health Survey data for nine countries by the World Bank Independent Evaluation Group found that children in electrified households have higher education levels than those without electricity, even after controlling for parental education, household income, and school facilities (World Bank 2008, 46). Schools with access to modern forms of energy provide enhanced educational environments because of better lighting, access to educational tools (television, radio, film, computers), and adequate heating in the winter (Brenneman and Kerf 2002, 18–19). There is also evidence that schools in remote locations that have electricity are more successful in attracting teachers than schools in similar locations that are not electrified (World Bank 2008, 46).  More generally, schools themselves are a form of infrastructure (see Box 3.3).

 (
Box 3.3 Schools as 
i
nfrastructure 
School buildings themselves can be regarded as a form of infrastructure. Indeed, the condition of school buildings can have a major impact on student learning. In Georgia, a multiyear program (1998 to 2002) to rehabilitate rural school buildings across the country increased enrollment and completion rates as the improvements to the buildings, from repaired roofs, windows, pipes, to new sanitary and heating equipment, meant the schools no longer had to close for the winter. Primary and secondary enrollment rates at the improved schools increased by 6 percent between 2000 and 2001, while enrollment in non-improved school districts fell. For the improved schools, secondary completion rates increased by 37 percent as compared to non-improved schools, where the increase was only 24 percent. The incidence of respiratory disease in students, due to inadequate ventilation and heating, decreased by 12 percent (Lokshin and Yemtsov 2004).
Inadequate water and sanitation facilities at schools are a particular barrier to girls. One study of a rural school in South Africa without an on-site water connection noted that female students (but not boys) were expected to leave during school hours to collect water for the school (Devnarain and Matthias 2011). And with respect to sanitation, the Council of Scientific and Industrial Research (2010
:
 41) noted:
Every day—directly because of lack of maintenance of the physical 
I
nfrastructure especially the water and sanitation facilities—countless learners at many rural schools are deprived of learning contact hours. Girl students are most affected by this as they often have to go home to find a clean toilet. And due to the long distances they have to walk to school, they then don’t return to school for the rest of the day.
The consequences of inadequate (or nonexistent) school sanitation are exacerbated for girls who are menstruating, as documented by a study of adolescent school girls in Nepal that noted, among other things, (1) high rates of absenteeism among menstruating girls in schools that lack private facilities and (2) health complications associated with the use of unhygienic school facilities (WaterAid 2009).
)

Similarly, water and sanitation infrastructures can have a significant impact on school enrollment and attendance. Many studies have documented the extensive hours that may be required on a daily or weekly basis to walk to and from water sources to obtain water for livestock and family use in poor rural areas—a task that often is assigned to children and particularly to girls. Summarizing the findings of a number of such studies, Brenneman and Kerf (2002, 105) noted that “Connecting towns or homes to clean sources of potable water that reduce or eliminate the time that children spend collecting water often allows more children of poor families to attend school.” The cleanliness of the water is key as it also encourages more regular attendance and better learning because of the absence of intestinal parasites and other water-borne diseases (Burrows, Acton, and Maunder 2004).


Obviously no exploration of the connections between infrastructure and education can exclude information and communication technology, at home and in the school. Competence as an educated person now assumes at least a basic computer literacy. Beyond that, use of the internet is frequently presented as a way to expand learning opportunities by connecting both students and teachers with resource-rich environments. Even further, ICT is advocated as a means to enhance educational outcomes through student-centered, active learning rather than passive or rote learning.

A recent report in the World Bank’s ICT and Education Series (Trucano 2005) explored what we actually know about the effective uses of information and communication technologies in education in developing countries. Supported by an extensive literature review, Trucano (2005, 6) concluded that “In general, and despite thousands of impact studies, the impact of ICT use on student achievement remains difficult to measure and open to much reasonable debate.” A lack of comparative international studies and of a common set of indicators contributed to this mixed finding.

Much of the conflicting evidence on ICT’s impact on education stems from the widely varying circumstances of its use in different settings. Schools in rural areas of developing countries often lack access to electricity (either totally or reliably) or the means to acquire batteries to power electronics. If they are able to obtain electronic equipment, they may not be able to maintain or replace it. And even if they do, its educational potential will be under-realized if it is not meaningfully integrated with the broader curriculum, which requires not only professional support and training for teachers but also broader education system support, which may be slow in coming if a culture has a tradition of rote learning. With professional development opportunities for teachers and with system support, however, there is evidence that ICT can enhance education in developing countries. For example, Light (2009) reported the positive impacts on student-centered learning of an Intel professional education program for teachers at six schools in Chile, India, and Turkey, where one criterion for school selection was that they not have privileged access to resources, technology, or funds. 

Distance education, often with UNESCO and World Bank support, is in fact being used to deliver a variety of tertiary and professional development programs (not just teacher education) in many developing countries, particularly in Southeast Asia and in sub-Saharan Africa. It is often adopted as a way of reducing the very high per-student costs of tertiary program delivery in many developing countries, and of providing a means for rapid expansion of enrollment levels without having to build-out and maintain new or expanded physical campuses and faculties.  For example, a 2009 World Bank report focusing on tertiary education for growth in sub-Saharan Africa stated:

Traditional face-to-face models of delivering postsecondary education are expensive and can limit developing country capacities for further enrollment expansion. ... Alternative, lower-cost delivery models are needed if educational access is to grow in the years ahead. Fortunately, the elements of such a transformation are becoming discernible. They include lifelong learning, ICT applications to education, on-line distance education, open source courses, self-paced learning, and educational gameware (World Bank 2009, 109).

These types of programs are increasingly being offered both by existing institutions and open universities set up solely for such purposes. Enrollments in many distance education programs have grown rapidly and can be very large for relatively small numbers of teaching and administrative personnel—the website of the National Open University of Nigeria[footnoteRef:42], for example, refers to 32,400 students enrolled in over 50 courses of study with a total headquarters academic, technology, administrative, and support staff of only198 persons.  [42:  http://www.nou.edu.ng/noun/About%20NOUN/contents/facts_figure%20.html#] 


A number of issues have accompanied the promise of distance education programs. One is the need for reliable technology for delivery for the programs. Another is the quality of the programs.And finally, some authors express concern that distance education may in fact be increasing the “educational divide” because of “the IT access gap . . . between haves and haves not in developing countries” (Gulati 2008, unpaginated), even as other reports note that distance education has improved opportunities for students living in rural areas and women (UNESCO 2003, 11).

Fewer studies have looked at the links between infrastructure and education in developed countries. In one brief analysis [footnoteRef:43], the OECD’s former Programme on Educational Building (now the Centre for Effective Learning Environments) compared scores on learning outcomes measured as part of the OECD’s Programme for International Student Assessment (PISA) against an index of school infrastructure quality using 2003 data.  This index was based on (1) school buildings and grounds; (2) heating, cooling, and lighting systems; and (3) instructional space. They did not find a strong indication of a relationship; for example, only 1 percent of the variation in math performance was explained by school infrastructure quality. However, they also express caution about this conclusion, noting that they were looking at a relatively small sample, the measure of infrastructure quality relied “on the judgment of school principals rather than on external observations or the views of students and teachers”, and that “data may be subject to social desirability of responses and to cross-cultural and linguistic differences.” [43:  See http://www.oecd.org/document/0,3746,en_2649_39263294_37295617_1_1_1_1,00.html. There does not appear to have been formal report associated with this analysis.] 


A more recent study explored the relationship between computer use and the performance of 15-year-olds on the science component of PISA in all 30 OECD member countries and 27 partner countries participating in the PISA 2006 assessment (Organisation for Economic Cooperation and Development (OECD) 2010a). A subset of this group (variously reported as 25 OECD countries and 14 partner countries (Organisation for Economic Cooperation and Development (OECD) 2010a, 19) and 23 OECD and 10 partner countries (Organisation for Economic Cooperation and Development (OECD) 2010a, 141)), participated in a special technology survey that allowed more extensive analysis of drivers of the outcomes. The study found that a higher frequency of computer use was associated with higher average science scores in all of the countries considered (Organisation for Economic Cooperation and Development (OECD) 2010a, 150). However, other variables also affected the impact of a given frequency of computer use:

One of the most striking findings of this study is that the digital divide in education goes beyond the issue of access to technology. A second digital divide separates those with the competencies and skills to benefit from computer use from those who do not. These competencies and skills are closely linked to students’ economic, cultural and social capital (Organisation for Economic Cooperation and Development (OECD) 2010a, 3).

3.1.5 [bookmark: _Toc199583380][bookmark: _Toc200095282]Infrastructure and governance
The final volume in the Patterns of Potential Human Progress series will focus on strengthening state governance. That volume will measure and analyze the concept of governance along three axes: security, capacity, and inclusiveness. Security is fundamental to the very existence of the state and governance; it involves territorial control and protection, the exertion of authority, and the basic knitting of a population together.  Capacity requires the ability to mobilize resources and to use them effectively.  Inclusion extends participation and the benefits of the state's activities to the broad population, not simply a small elite. 

It is primarily capacity and inclusion on which the World Bank focused when it defined governance as “the manner in which power is exercised in the management of a country’s economic and social resources for development” (World Bank 1991, 1). As for what makes for good governance, the United Nations Development Programme (UNDP) identifies nine main characteristics of a ‘good’ system of governance: 1) a broad level of participation in decision-making processes; 2) established rule of law; 3) transparency at all government levels; 4) high responsiveness to stakeholders; 5) a consensus based orientation; 6) promotion of an equitable distribution of resources; 7) effectiveness and efficiency; 8) accountability to the public and stakeholders; 9) a long-term strategic vision for continued good governance and human development (United Nations Development Programme (UNDP) 1997, 5).

We should not, however, forget the fundamental importance of physical infrastructure in the very creation and protection of the state, in both autocratic and democratic forms.  Ruling sovereigns and elites have long recognized that transportation infrastructure, such as roads, canals, and rail lines are essential for their ability to provide basic order and to exert their power within their territory, as well as to protect that territory and its people. The development of the Roman road system and the German autobahn system both had those motivations, as well as that of facilitating economic intercourse and development. Roads, rail and air enable the movement of people and ideas, shrinking distances and providing physical links among populations. They also help to bridge the gaps between a state’s core and peripheries and between urban and rural centers. Infrastructure is the physical manifestation of the knitting together of a state; its multiple guises are the ‘sinews’ of nations (Webley 1985).  

We have earlier discussed the importance of infrastructure for the basic safety and health of the population, for its education, and for economic development.  Providing infrastructure systems thereby enhance the foundations of security and power of the state, and the costs of doing so also motivate it to improve its capacity to extract and use resources for its own benefit and for that of its all-important citizenry—even before that citizenry might be much involved in the processes of governance.  Fundamental to such resource extraction has been the development of knowledge systems to count the population and measure its wealth.  It is no accident that the Domesday Book of 1086 in England listed and assessed the households of the day, preceding the development of one of the first modern states, or that all modern countries put great weight on censuses, even sometimes building the requirement for them into constitutions.  It is also no accident that, given the large sums involved in big public projects and the very substantial ongoing sums tied to such activities as waste collection, provision of infrastructure has also created many incentives for corruption in government and misuse of those extracted resources (Rose-Ackerman 1999, 27–38; Campos and Pradhan 2007).

At the beginning of this chapter, we described infrastructure’s relationship to development as a co-evolutionary one, with each influencing the other. It should come as little surprise then that infrastructure and good governance share a similar relationship, as good governance is of central importance for increasing human development, while human development facilitates improved governance.   Across the last two centuries the concept of participation by a broad citizenry has moved sharply ahead around the world, both in terms of the formal institutions of democracy and with respect to the practice of widespread and deep citizen involvement.  Thus the interactions between infrastructure, society, and government can create a virtuous cycle driving further development.

Information flows have become ever more important in the two-way linkage between governments and societies.  Information is needed in order for a government to make decisions and information is needed for the public to be able to participate in the decision making process; flow of information also helps ensure transparency within the government. The transmission of information is one of infrastructure’s most basic functions.  Such flows can also, of course, create the ability for authoritarian governments to monitor and suppress their citizenry.

In the modern era ICT thus plays critical and seemingly ever more important roles in governance (United Nations Development Programme (UNDP) 2012). The data it carries allows users to track their governments’ activities and also provides dynamic feedback from the public so that governments might provide services more effectively and efficiently—what Miscuraca, Reid, and Deakin (2011, 7) call “ICT-enabled governance,” or, more generally, e-governance, which the International Institute for Communication and Development (IICD) defines as:

The application of electronic means in (1) the interaction between government and citizens and government and businesses, as well as (2) in internal government operations to simplify and improve democratic, government and business aspects of Governance.[footnoteRef:44]  (Backus 2001, 2) [44:  Italics from original text] 


E-governance over the last two decades has become increasingly important in international development practice. The World Bank, for example, hosts an E-Government Practice Group to disseminate e-governance best practices as part of its E-Development Thematic Group.[footnoteRef:45] The UNDP, UNESCO, and USAID have all published reports and or undertaken projects dealing with e-governance issues. And since 2001, the OECD has maintained an e-Government Project whose purpose is to “explore how governments can best exploit information and communication technologies (ICTS) to embed good governance principles and achieve public policy goals.”[footnoteRef:46] [45:  http://go.worldbank.org/6WT3UPVG80]  [46:  http://www.oecd.org/department/0,3355,en_2649_34129_1_1_1_1_1,00.html] 


Where responsiveness is lacking, ICT infrastructure provides a means for citizens to increase pressure on governments through more effective organizing. One has only to look at the role of cell phones, Facebook, and Twitter in the pro-democracy demonstrations that have taken place around the world in recent years. But the exact relationship between ICT infrastructure and democratization remains uncertain. Shirazi, Ngwenyama, and Morawczynski et al. (2010) built a quantitative model using a composite level of democracy index and data on ICT stocks and access in order to test whether greater ICT penetration in a country should lead to increased democratic freedom in that country (see Box 3.3). The authors found a strong correlation between ICT growth and increased democratic freedom. They also found that education tends to be an important intermediate factor, and that repressive governments, which censor information, tend to reduce ICT growth rates in those countries. The push for greater democratization is just one form of ICT-enabled civil actions however. Many other ICT-enabled civil actions, like environmental and zoning protests, have been less dramatic but have nonetheless pressured existing institutions and government authorities to respond to specific grievances.


Box 3.3 ICT and democratization
Infrastructure is an essential component in effective governance as it connects governments and their publics. In recent years, ICT related technologies have gone one step further, allowing a move away from the more traditional model of government as disseminator and the public as passive receiver to a two-way model of interaction. Perhaps the greatest impact ICT infrastructure has had has been on the electoral process. In the 2006 elections in Thailand, the Thai Election Commission used SMS messaging to notify some 25 million voters of polling place schedules (Stein 2006, 4). In South Africa, the 2009 elections were hailed as the country’s first ICT election as all four major political parties used ICT in various ways, from getting out the vote to enabling campaign donations by SMS.[footnoteRef:47] In Kenya, after the post-election violence in 2007 that left 1300 people dead, the government began a program of electronic voting that allowed polling stations across the country to transmit results electronically to more centralized voting centers.[footnoteRef:48]  But ICT infrastructure has done more than just affect voter turnout and transmit results. In Thailand, the same networks used to get out the vote were also used to coordinate the public protests that brought down the newly elected Premier once allegations of corruption and abuse surfaced. In 2004, mobile phone ring tones became a new form of protest as millions of Filipinos downloaded and played in public an audio clip from a wiretapped phone conversation by then President Gloria Arroyo, accused of electoral fraud, discussing election results (Stein 2006). And around the world, from the Occupy Movement in the US[footnoteRef:49] to the Arab Spring in the Middle East, ICT infrastructure has enabled the flow of revolutionary ideas and the coordination of mass protests (Stepanova 2011).      [47:  http://pep-net.eu/blog/2009/04/20/technology-use-in-the-2009-south-african-elections/]  [48:  “Use of ICT in elections will deepen democracy.” The Standard. 11/25/2011. ]  [49:  Preston, Jennifer. “Protestors look for ways to feed the web”. New York Times. 11/24/2011. ] 


Infrastructure generally, and not just ICT, can support not only basic democratic forms, but much deeper and richer inclusion (as well as government intrusiveness into what once were private domains). Brenneman and Kerf (2002) illustrated how infrastructure provision can support effective and inclusive governance by looking at its impact on women’s empowerment. While gender inequality may be culturally based, lack of infrastructure or poor infrastructure quality serves to further this form of inequality. Because of their household responsibilities, women tend to be disproportionally effected by the state of local infrastructure. Where electricity is lacking, women are forced to collect firewood; where improved water is lacking, women are the ones to fetch water; where transportation is lacking, women and girls are more likely to remain at home and miss out on education. Access to modern infrastructure can decrease the time women spend on domestic duties and so can increase their ability to participate in civil society and government.

The honey pots associated with the funding of infrastructure, from local sanitation and electrical services to global energy systems, have often been linked to poor governance and corruption. Yet, infrastructure provision can also lead to good governance through the creation of a healthy, well-educated, and well-connected population that is more likely to want to participate in the governance system and to do so effectively. Together and in interaction, infrastructure and good governance can enable the provision of society-building services and human development.

3.1.6 [bookmark: _Toc199583381][bookmark: _Toc200095283]Infrastructure and the environment
The impacts of infrastructure on the natural environment are manifold. These include the direct physical impacts associated with the construction, existence, use, and decommissioning of infrastructure, but also the indirect effects that result from how infrastructure shapes the way in which we interact with the natural environment.

Perhaps nothing other than the conversion of land for agriculture has had as large an impact on reshaping the physical environment than the development of human-made infrastructure. The 30-35 million kilometers of roads in the world are enough to circle the earth more than 800 times at the equator.[footnoteRef:50] Lehner et al (2011) estimated that there are nearly 17 million reservoirs worldwide, with a storage capacity of 8,069 cubic kilometers of freshwater and covering more than 300,000 square kilometers. This is approximately equal to twenty percent of total water discharge into oceans and internal sinks, and represents an area the size of Italy.[footnoteRef:51] Meanwhile ports and airports dominate many coastal and urban areas, and oil and gas wells and coal, metal and stone mines also dot the planet. [50:  The circumference of the earth at the equator is 40,075.16 kilometers (http://geography.about.com/library/faq/blqzcircumference.htm) ]  [51:  Döll, Fiedler, and Zhang (2009) provide an estimate of total discharge of 39,549 cubic kilometres per year under natural conditions. Internal sinks include lakes such as the Great Salt Lake in the United States, which have rivers flowing into them, but no outflow leading eventually to the ocean. The FAOSTAT database (http://faostat.fao.org/) lists Italy’s area as 301,340 square kilometers, which includes area under inland water bodies but excludes offshore territorial waters.] 


Roads, railways, and other man-made corridors (e.g., oil and gas pipelines and electricity transmission lines), fragment landscapes and bring increased contact between humans and the natural environment. Benítez-Lopéz, Alkemade and Verweij (2010) and Fahrig and Rytwinski (2009) reviewed large numbers of studies on the impacts of roads on species diversity and abundance. Beyond direct mortality, they point to significant impacts, extending several kilometers from the actual roads, on reproductive success and population size.

It is in their ability to open up new areas for human exploitation that roads may have the biggest effect, however. Figure 3.3 illustrates the role of roads in accelerating deforestation between 1975 and 2001 following the construction of the Cuiaba-Port Velho highway through the province of Rondônia in Brazil (United Nations Environment Programme (UNEP), United States Geological Survey, and University of Maryland 2005). The ‘fishbone’ or ‘feathered’ pattern is quite typical as loggers and farmers build out from the initial roadway.

[image: ]Figure 3.3 Changes in tropical forests of Rondonia, Brazil (1975-2001)
Source: Used with permission from UNEP (2005, 184–185).

Large projects aimed at the storage and transport of water—dams, viaducts, and canals—also change and fragment the landscape. The reservoirs behind large dams drown vast areas of land (see Figure 3.4). Dams alter sediment flows and modify many other properties of riverine systems, including flow rates and temperature, affecting ecosystems both up and downstream (World Commission on Dams 2000; Pearce 2003; Rosenberg, McCully, and Pringle 2000). Furthermore, there is a continuing debate on the local and global effects of large dams on climate (Cullenward and Victor 2006).

[image: ]Figure 3.4 The creation of Lake Manantali behind a dam on the Bafing River in Mali (1977-1999)
Source: Used with permission from UNEP (2005).

Box 3.5 Dams and fish
Dams and their effect on surrounding landscapes are among the most visible of infrastructure’s environmental impacts in the world, going so far as to create whole new ecosystems as dammed waters flood kilometers of land upriver in the creation of massive reservoirs (Agostinho, Pelicice, and Gomes 2008). Downriver, floodplains provide some of the richest habitats for freshwater fish on earth, and are often home to the majority of all fish species in a river basin. Dams can endanger these floodplains by restricting the natural changes in river flow and overall water levels. In Brazil, the construction of the Tucurui dam on the Tocantins River in 1984 quickly led to a 60 percent decline in fish catch and a 66 percent decline in freshwater shrimp catch (Richter et al. 2010). In Cameroon, the Maga dam on the Logone River led to a 90 percent decline in fish catch from the river’s wetlands. The drying of the river’s wetlands from loss of flood days also had a negative impact on the region’s land-based wildlife, spurring out migration and a resulting loss in tourism revenue as photogenic fauna moved on (Richter et al. 2010). China’s Three Gorges mega dam threatens fish populations throughout the Yangtze River basin. The Yangtze is the longest river in Asia and third longest in the world. It is home to 36 percent of all freshwater fish species in China, including 177 different species that live nowhere else in the world, 25 of which were considered endangered before construction of the dam began.[footnoteRef:52] The dam came online in 2008, and while it is too early to judge the full extent of its impact on the region’s fisheries, commercial fish catches on the river had fallen 50 to 70 percent below 2002 levels during the construction period (2003-2005) (Gleick 2009).  [52:  Hvistendahl, Mara. “China’s Three Gorges Dam: An Environmental Catastrophe?” Scientific American. 25 March  2008.] 


Infrastructure is not only used to store water, but also to relocate it, often over hundreds of kilometers. These large-scale diversions of surface water can dramatically change the nature of rivers, lakes, and coastal systems. Due to the diversion of rivers for cotton cultivation, the Aral Sea is now a quarter of the size it was around 1950 (United Nations Environment Programme (UNEP), United States Geological Survey, and University of Maryland 2005), and Figure 3.5 shows the changes over a portion of that time—namely, from 1986 to 2004. In the process, its salt concentration has doubled, killing the commercial fishing trade. Meanwhile, some of the world’s largest rivers, including the Colorado (North America), Yellow (Asia), Nile (Africa), and Murray (Australia) no longer reach the sea in drier years, with devastating impacts on coastal ecosystems (World Commission on Dams 2000).

[image: ]Figure 3.5 The shrinking Aral Sea, Kazakstan (1986-2004)
Source: Used with permission from UNEP (2005, 124–125).

On a more positive note, irrigation can make deserts and semi-arid areas bloom. There may be no more obvious example of this than the blossoming of crop circles in areas using center-pivot irrigation (see Figure 3.6).
[image: ]Figure 3.6 Greening of the Al’ Isawiyah Desert, Saudi Arabia (1991-2004)
Source: Used with permission from UNEP (2005, 198–199).

The GLOBIO3 modeling framework provides one of the few efforts to quantitatively estimate the specific impact of infrastructure on the physical environment at larger scales. GLOBIO3 is used to calculate the impact of infrastructure[footnoteRef:53] and four other drivers—land use change (agriculture and forestry), nitrogen deposition, fragmentation, and climate change—on terrestrial biodiversity (Alkemade et al. 2009). This framework uses quantitative results from the meta-analysis presented in Benítez-Lopéz, Alkemade, and Verweij (2010) to estimate the direct effect of infrastructure. At the global level up to the year 2000, Alkemade et al. (2009) estimated the direct impact of infrastructure to have been second only to land-use change (and slightly greater than habitat fragmentation, to which infrastructure is a significant contributor) in driving species loss. [53:  Alkemade et al.(2009: 378) focused on ‘linear infrastructure’ in their calculations— roads, railroads, power lines, and pipelines, which are included in the Digital Chart of the World database housed at Penn State University (http://www.maproom.psu.edu/dcw/).] 


Increased infrastructure need not necessarily lead to increased negative environmental impact, however. One of the most obvious positive impacts, at least in most higher-income countries,  has been the reduction through wastewater treatment of often devastating consequences for water systems of sewage and various other streams of run-off.  Yet some of he greatest potential for positive environmental returns to infrastructure investments, often again remedial in that they reduce earlier negative human impacts, may lie in the ability of ICTs to improve energy efficiency and accelerate the shift toward renewable resources. One particular area of hope is in smart grids, which use advanced metering, transmission, distribution, and electricity storage technologies to transform the current electricity infrastructure technologies (Hledik 2009). In addition to providing greater flexibility and efficiency, smart grids facilitate more distributed production of electricity, enhancing the viability of renewable resources, such as wind and solar, which face challenges due to the intermittent nature of their production. Hledik (2009, 33) estimated that, in a conservative scenario (assuming only technologies that are already commercially available), smart grids in the United States could lead to a four percent reduction in overall electricity consumption in 2030, and an even larger decline in carbon dioxide emissions due to the increased penetration of renewable sources of production.

Based upon their analysis of studies of electricity demand in the European Union (Labouze et al. 2008) and the United States (Chupka et al. 2008), Moyer and Hughes estimated that each percentage point increase in broadband penetration (a proxy for general ICT penetration) would result in a 0.08% increase in energy efficiency. Chupka et al. (2008) also indicated that the renewable share in new electricity production in the United States would approach 30 percent in a scenario with high investment in ICT, as opposed to under 20 percent in a scenario with stagnant investment.

ICT tools are becoming increasingly important in the agricultural sector as well. From enabling more efficient irrigation systems that can monitor exact soil conditions to GPS-guided tractors that can optimize land use, ICT tools are helping to increase crop yields and lessen agriculture’s negative impacts on the environment (Fountas, Pedersen, and Blackmore 2005; Vellidis et al. 2008). The spread of ICT to more rural areas is also leading to new ways of providing agricultural extension services to poor people around the world, increasing both profits and sustainable practices (Aker 2010; Rodrigues 2010).

Beyond the more direct effects of infrastructure on the natural environment discussed so far, to the extent that infrastructure increases overall economic activity it also can have more indirect consequences for  the natural environment. Environmental implications of economic growth can include further land use changes, resource extraction and exhaustion, and pollutant emissions, as well as generation of governmental resources that can help limit such damage.  The complex interplay of these multiple indirect consequences has discouraged detailed studies of their net impact. 


3.2 [bookmark: _Toc199583382][bookmark: _Toc200095284] Human Development and the Environment as Drivers of Infrastructure
The desire for the positive benefits accruing from infrastructure services, explored in the previous section, underpins the demand for infrastructure development. To a certain extent, these desires, and therefore, these demands are inherent in all human societies. However, the need for, and ability to satisfy such demands varies significantly from country to country. In estimating the future demand for infrastructure, most studies point to three primary aspects of societies to explain these differences—their economic makeup, their demographic makeup, and the nature of the physical environment in which they live (Fay 2001; Fay and Yepes 2003; Lawson and Dragusanu 2008; Organisation for Economic Cooperation and Development (OECD) 2006).

The economic makeup of a country includes the overall size of its economy, its sectoral breakdown, and the level of affluence it affords for its population. Typical measures of these are total Gross Domestic Product (GDP), the share of value added for different sectors, and Gross Domestic Product per Capita (GDP per capita), respectively. All else being equal, a larger economy uses more primary resources and produces more intermediate products and final goods, increasing the demands for all types of infrastructure. Different sectors of the economy have differing demands for infrastructure. For example, the demand for irrigation comes almost exclusively from agriculture. Higher levels of personal income bring with them a greater ability to afford infrastructure and the services it provides. This translates into a greater effective demand for infrastructure. This is captured in part by GDP per capita, which provides an estimate of the average income in a country. However, we cannot ignore the distribution of income. Because there is a natural limit to many infrastructure services, i.e. once a person has access to electricity in their home it does not make sense to demand further access, the share of the population below a certain income threshold may be a clearer determinant of the demand for electricity access. Finally, in a more indirect fashion, Doshi, Schulman, and Gabaldon (2007) argued that globalization and the growth of multinational corporations are also helping to increase demand in new areas of the world as factories and the like move to countries with cheaper labor.

Similar to the overall size of the economy, it is common sense that a larger population will create a larger demand for infrastructure. This is tempered somewhat by the fact that a larger population, assuming the same overall size of the economy, implies a lower level of average income. There are other aspects of a country’s demographic makeup that can play a role in determining demand for infrastructure. Some infrastructure, for example, household access to improved sources of clean water and sanitation, is more a function of the number of households than the size of population. As the average size of families changes, most often from larger to smaller as incomes increase and multigenerational homes become less common, the growth in the number of households will outpace overall population growth, thereby increasing the demand for these and other services (de Jong and van de Riet 2004, 6). This is also affected by the changing age structure of populations. De Jong and van de Riet (2004) argued that as populations grow older, there may be increased demand for public transport as the older segments of society shift away from owning their own vehicles, particularly in developed countries. Migration is also a factor in the demand for infrastructure. Bohlin, Forge, and Blackman (2006, 72) noted the importance of increasing international migration in driving ICT development. This is likely due to the desire of migrants for lines of communication and ways to transfer funds to their families back home(Bohlin, Forge, and Blackman 2006). Finally, the spatial distribution of the population can influence the demand for infrastructure. Many forms of infrastructure, including public transportation infrastructure and infrastructure related to providing access, are more economical in urban areas due to their greater population density. In some cases, though, such as Canada and Australia, a country can be heavily urbanized but still have relatively low overall population densities due to their size. The long distance between urban areas increases the demand for others forms of infrastructure, pointing to the need to also consider the geography of a country in thinking about the demand for infrastructure.

Geography goes beyond the absolute size of a country. For the purposes of international trade, countries with larger coastlines require greater port infrastructure; this is often coupled with rail and roads to connect the interior to the coast. Coastlines also increase the demand for protective infrastructure from coastal storms. Mountains and rivers pose barriers to roads and other forms of infrastructure, calling for, among other things, tunnels and bridges. The need for, and the ability to supply, irrigation, flood control, hydroelectric power, and other infrastructure services are also influenced by a country’s geography, including its climate. Ndulu (2006) pointed to the important role of infrastructure as a measure to offset the geographic disadvantages faced by many African countries.

Finally, we cannot discount the role of government policy in determining the demand for and actual supply of infrastructure. As we discussed in Chapter 2, a significant share of public spending is for infrastructure. Some might point to ‘bridges to nowhere’ and other ‘white elephants’ as indications of corruption, or more politely, political largesse, but most people would agree that public spending on infrastructure is a proper role of governments. In addition to regular spending, public investment in infrastructure is often used as a means to stimulate economies during economic downturns. In a review of the stimulus packages of ten advanced and twelve developing and emerging economies during the early period of the Great Recession, the International Institute for Labour Studies estimated that infrastructure spending made up 15 percent of the fiscal stimulus of the advanced countries and over 45 percent of the fiscal stimulus of the developing and emerging economies (Khatiwada 2009, 19). Geopolitical, security, and environmental concerns can also influence policy that has an impact on infrastructure demand. Concerns over energy security the potential effects of climate change have lead many countries to call for the increased use of renewable energy and its supporting infrastructure. Acts of terrorism have altered the way transportation systems are designed and operated (Stevens, Schieb, and Andrieu 2006). Environmental concerns have curtailed the demand for certain forms of infrastructure, such as hydroelectric dams and nuclear power plants (International Atomic Energy Agency (IAEA) 2008, 27).

3.3 [bookmark: _Toc199583383][bookmark: _Toc200095285] Conclusion
Infrastructure, human development, and the natural environment all exist in a state of dynamic interdependence, with each influencing the other. Infrastructure can impact human development directly, through enabling the provision of life enhancing services like clean drinking water, electricity to cook with, and protection from the vagaries of the environment, and indirectly, through enhancing economic growth, granting access to new income earning opportunities for the poor and strengthening governance. As countries develop and populations grow, the demand for more and better infrastructure increases, as does the capability for countries to meet the increased demand. In the best of worlds, these bi-directional positive linkages between infrastructure and human development create a virtuous cycle. Of course, the infrastructure that provides the services people desire is part of the physical world and as such affects and is affected by it. The need for sustainable infrastructure is becoming increasingly important as the world’s stock of hard infrastructure grows.

The review we have provided in this chapter is naturally incomplete, both in its treatment of the breadth of the relationships among infrastructure, human development, and the environment, as well as their depth. At some level, the sheer extent of interconnections and nonlinearities makes a full accounting of all the relationships impossible. What this review has done is to provide a hopefully strong foundation for modeling the demand for, and impacts of, infrastructure. In the next chapter, we will look at past efforts to quantitatively model infrastructure demand, spending, and forward linkages. We will also introduce our own methodology for modeling infrastructure within the International Futures system.




















[bookmark: _Toc283827148][bookmark: _Toc326061504][bookmark: _Toc200095286]4. Methodologies and Tools for Forecasting Infrastructure
As a bridge between the largely conceptual discussion of Chapter 3 and the forecasting analyses to come, this chapter turns to the more technical topic of how we best can forecast global infrastructure futures. The choice of the most appropriate tools and methods depends upon a number of factors. What aspects of infrastructure are to be considered—the size of the physical stock, the amount of spending required, sources of funding, or the impacts of infrastructure on other systems? What specific types of infrastructure are to be modeled and at what level of detail—e.g., total electricity generating capacity or capacity by specific type of power plant? What is the time horizon of interest—one year, ten years, fifty years, or one hundred years? What is the geographic scope of interest—a city, a country, a region, or the whole world?

The key questions we set out to explore in Chapter 1 were:
· What is the expected future of infrastructure, considering patterns of both demand and supply?
· How realistic are the infrastructure targets that have been specified in policy discussions and what are the implications of pursuing these for broader economic, social, and political prospects of countries, regions, and the world?
· What might be a set of targets that would be realistic (including taking into account very different starting points for countries), complete and consistent across infrastructure types, and likely to produce positive net benefits if pursued?

In order to address these questions, we need to be able to forecast:
· The demand for infrastructure and the ability to meet these demands
· The broader socio-economic and environmental implications associated with alternative infrastructure forecasts, including the feedbacks to the drivers of infrastructure demand and supply

Figure 4.1 (which elaborates the earlier Figure 1.3) illustrates our conceptualization of a dynamic, integrated, infrastructure forecasting system. We can begin with forecasts of the changing demand for a range of infrastructure types. Independently, it is necessary to estimate the funding needs both to maintain existing infrastructure and to construct new infrastructure. These demands must, of course, compete with other demands on public and private resources. Thus supply of infrastructure will frequently fall short of demand. Infrastructure availability then affects various aspects of human development and well-being, which, in turn, feed back to demand for infrastructure and the availability of resources for it. Various elements in this figure, notably the socioeconomic and environmental systems, will evolve over time in response to many factors that are not shown, and our ideal forecasting system should represent those as well. 
[bookmark: _Toc286763177]
Figure 4.1 A dynamic, integrated, infrastructure modeling system
This chapter reviews many of the existing tools and approaches that have been used by other experts to forecast aspects of the full conceptualization shown in Figure 4.1, and then describes how we have adapted and extended those for our work. As with the poverty, education, and health systems described in the previous PPHP volumes, the infrastructure system we have developed is integrated into the complete International Futures (IFs) system. Therefore, we begin with some information about that system.

[bookmark: _Toc283827149][bookmark: _Toc326061505][bookmark: _Toc200095287]4.1 Integrating Infrastructure with Broader Human Development: The Larger IFs System
IFs is a large-scale, long-term, integrated global modeling system. It represents demographic, economic, educational, health, energy, agricultural, socio-political, and environmental subsystems for 183 interacting countries.[footnoteRef:54] The central purpose of IFs is to facilitate exploration of global futures through alternative scenarios. [54:  For introduction to the character and use of the model, see Hughes and Hillebrand 2006.
] 


The goals that motivated the design of IFs fall generally into three categories: human development, social fairness and security, and environmental sustainability. Across these domains, the project draws inspiration from seminal writers such as Sen (1999) with his emphasis on freedom and individual development, Rawls (1999) with his emphasis on fairness within society, and Brundtland (World Commission on Environment and Development 1987) with her foundational definition of sustainability. In combination, these emphases provide a philosophical framework for exploration of human beings as individuals, of human beings with each other, and of human beings with the environment.

Fundamentally, IFs is a thinking tool, allowing variable time horizons through 2100 for exploring human leverage in pursuit of key goals in the face of great uncertainty. IFs assists with:
1. Understanding the state of the world and the future that appears to be unfolding
0. Identifying tensions and inconsistencies that suggest political, economic, or other risk in the near and middle term (a “watch list” functionality)
0. Exploring longer-term trends and considering where they might be taking us
0. Working through the complex dynamics of global systems
1. Thinking about the future we want to see
1. Clarifying goals and priorities
1. Developing alternative scenarios (“if-then statements”) about the future
1. Investigating the leverage we may have in shaping the future
Human systems fundamentally involve agents (economists often represent them as individuals in households or firms; political scientists add governments) interacting with each other in various structures (economists focus on markets; political scientists look to action-reaction systems and international regimes; sociologists add societies and demographic structures; anthropologists focus on cultures; physical scientists extend the reach to ecosystems). In general, social scientists seek to understand the co-creation and evolution of such agent behaviors and structural characteristics.

IFs attempts to capture some of the richness of such systems. It is a structure-based (with extensive representation of underlying accounting systems, such as demographic structures and the exchanges of goods, services, and finance), agent-class driven (so as to provide a basis for representing change), dynamic modeling system. That is, IFs represents typical behavior patterns of major agent-classes (households, governments, firms) interacting in a variety of global structures (demographic, economic, social, and environmental). The system draws upon standard approaches to modeling specific issue areas whenever possible, extending those as necessary and integrating them across issue areas. For instance, the demographic model uses the typical “cohort-component” representation, tracking country-specific populations over time by age and sex (extended by education). Within that structural or accounting framework, the model represents the fertility decisions of households (influenced by income and education) as well as mortality and migration patterns. Similarly with respect to health, we have attempted to build on existing approaches to its forecasting—particularly those of the World Health Organization’s Global Burden of Disease project (Mathers and Loncar 2006; Mathers and Loncar updated n.d.) —extending those as possible and integrating them with the larger IFs system.

As well as being rooted in the theory of various disciplines and sub-specializations, IFs is heavily data-driven. Data come from the various member organizations of the United Nations family and many other sources. The database underlying IFs, and integrated with the system for use by others, includes data for 183 countries over as much of the period since 1960 as possible. The model system itself runs in annual time steps from its initial year (currently 2010).[footnoteRef:55] The menu-driven interface of the IFs software system allows display of historical data since 1960 (in most cases) in combination with results from a base case and from alternative scenarios over time-horizons from 2010 through 2100, facilitating user-interventions flexibly across time, issue area, and geography. Displays include tables, standard graphical formats, and a basic Geographic Information System (GIS) or map projection capability. Specialized display formats, such as age-sex and age-sex-education cohort structures and social accounting matrices, are included also. [55:  More technically, the model structure is recursive—that is, it computes equations sequentially in each time-step without simultaneous solution. It combines features of systems dynamics, notably the accounting structures with careful attention to both flows and stocks, and econometrics, estimating parameters specifying the dynamic behavior of the agent classes.
] 


[image: ]
[bookmark: _Toc286763178]Figure 4.2 Major models in the IFs modeling system and example connections
Figure 4.2 shows the major conceptual blocks of the IFs system. The elements of the technology block are, in fact, scattered throughout the model, as are many elements of the infrastructure model, and for the same reason: both are fundamental underlying systems. The named linkages between blocks and the linkages themselves are a small illustrative sub-set, not an exhaustive listing.

The two models within the IFs system that form its core are the population and economic models. Some of the key characteristics of the population model are that it:
· Represents 22 age-sex cohorts to age 100+ in a standard cohort-component structure (but computationally spreads the 5-year cohorts initially to 1-year cohorts and calculates change in 1-year time steps)
· Calculates change in cohort-specific fertility of households in response to income, income distribution, infant mortality (from the health model), education levels, and contraception use
· Uses mortality calculations from the health model 
· Separately represents the evolution of HIV infection rates and deaths from AIDS
· Computes average life expectancy at birth, literacy rate, and overall measures of human development (HDI)
· Represents migration, which ties to flows of remittances.
Some of the most important characteristics of the economic model are that it:
· Represents the economy in six sectors: agriculture, materials, energy, industry, services, and information/communication technology (ICT)
· Computes and uses input-output matrices that change dynamically with development level
· Is a general equilibrium-seeking model that does not assume exact equilibrium will exist in any given year; rather it uses inventories as buffer stocks and to provide price signals so that the model chases equilibrium over time
· Contains a Cobb-Douglas production function that (following insights of Solow and Romer; see (Romer 1990; Romer 1994) endogenously represents contributions to growth in multifactor productivity from human capital (education and health), social capital and governance, physical and natural capital (infrastructure and energy prices), and knowledge development and diffusion (research and development [R&D] and economic integration with the outside world)
· Uses a Linear Expenditure System to represent changing consumption patterns
· Utilizes a "pooled" rather than bilateral trade approach for international trade 
· Has been imbedded in a social accounting matrix (SAM) envelope that ties economic production and consumption to representation of intra-actor financial flows.
The socio-political model also interacts with the infrastructure model as well as with the economic, demographic, health, and education models. Some of its relevant features are that it: 
· Represents fiscal policy through taxing and spending decisions
· Shows seven categories of government spending: military, health, education, R&D, infrastructure (core), infrastructure other, and a residual category
· Represents changes in social conditions of individuals (like fertility rates, literacy levels or poverty), attitudes of individuals (such as the level of materialism/post-materialism of a society from the World Values Survey), and the social organization of people (such as the status of women)
· Represents the evolution of democracy and governance character variables such as effectiveness and corruption level
· Represents the prospects for state instability or failure.
The environmental model of IFs is not as developed as that of many integrated assessment models, but among its capabilities it:
· Forecasts exposure to indoor air pollution from the use of solid fuels for heating and cooking
· Computes outdoor particulate concentrations for urban areas
· Forecasts atmospheric accumulations of carbon dioxide from fossil fuel use and deforestation and replicates findings from more extensive general circulation models to compute associated changes in temperature and precipitation, which in turn affect crop yields. 
Although initially developed as an educational tool, IFs increasingly supports research and policy analysis. It was a core component of a project exploring the New Economy sponsored by the European Commission (EC) in the TERRA project (Hughes and Johnson 2005) and a subsequent EC project on information and communication technology and sustainability. Forecasts from IFs supported Project 2020 (Mapping the Global Future) of the National Intelligence Council (USNIC 2004) and Global Trends 2025 (USNIC 2008), and is now supporting the NIC's 2030 global trends project. IFs also provided driver forecasts and some integrating analysis for the Global Environment Outlook-4 of the United Nations Environment Programme (UNEP 2007), as well as providing scenarios on environmental challenges to human development for the 2011 Human Development Report (Hughes, Irfan, et al. 2011) And it serves as the primary tool for the African Futures 2050 project funded by the British High Commission and based at the Institute for Security Studies in South Africa (Cilliers, Hughes, and Moyer 2011).

The system facilitates scenario development and policy analysis via a “scenario-tree” that simplifies changes in framing assumptions and agent-class interventions. Users can save scenarios for development and refinement over time. Standard framing scenarios (such as those from the United Nations Environmental Programme’s Global Environmental Outlook-4), are available with the model for users to explore and potentially develop further.
IFs is freely available to all users on-line at www.ifs.du.edu and in a somewhat richer downloadable version at the same address. The application's Help system contains primary documentation and the web site provides access to extended reports and publications. 

4.2 [bookmark: _Toc326061506][bookmark: _Toc200095288] Existing Efforts to Forecast Infrastructure
We have not been able to find any one study that uses the type of dynamic, integrated, infrastructure model depicted in Figure 4.1. There are, however, a number of approaches that address parts of this whole. The two portions of that diagram that have received the most attention are (1) the linkage from demand for physical infrastructure to funding requirements, and (2) the somewhat longer chain linking the determinants of demand to the actual level of infrastructure (although without any attention to budget along the way). To a lesser extent, there have been some attempts to model the socioeconomic and environmental effects of infrastructure as a function of the actual levels of infrastructure. We have not found studies that attempt to forecast the funding available for infrastructure or the actual levels of funding for infrastructure
4.2.1 [bookmark: _Toc326061507][bookmark: _Toc200095289]Forecasting demand for infrastructure
Existing models for forecasting the demand for infrastructure can be divided into two main categories. Those in the first category use equations for each type of infrastructure based on econometric estimations of the relationship between economic, structural, and demographic drivers on the one hand and physical infrastructure stocks (e.g., paved roads, electricity generating capacity, and telephone lines) or levels of access (e.g., percentage of population with access to safe water) on the other. Fay (2001) and Fay and Yepes (2003) pioneered this approach. More recent studies using the same basic methodology include Yepes (2005; 2008), Chatterton and Puerto (2006), Lawson and Dragunsanu (2008), Hughes, Chinowsky, and Strzepek (2009), Poddar (2009), Bhattacharyay (2010) [footnoteRef:56], and Kohli and Basil (2011). [56:  In the “top-down” portion of his analysis.] 

The typical set of economic, structural, and demographic drivers used to forecast the demand for infrastructure in these models includes population, population density, urbanization, Gross Domestic Product, and shares of GDP in different sectors. Only Hughes, Chinowsky, and Strzepek (2009) included costs as an explicit driver. In addition, because their study was focused on the impact of climate change on infrastructure, Hughes, Chinowsky, and Strzepek also included a number of climatic and other geographic variables, such as land type, as drivers.

In most of the studies noted above the forecasts of the drivers were exogenous—therefore, they were not affected by forward linkages from the infrastructure forecasts themselves over time. The Maquette for MDG Simulation (MAMS) model (Lofgren and Diaz-Bonilla 2010) and the model described in Kohli and Basil (2011) are exceptions. The former coupled the estimation of access to safe water and sanitation to a computable general equilibrium model, in the process establishing a link between the forecasts of these two aspects of infrastructure along with a more generic accounting of public infrastructure stocks. The latter used a structural equation model, which introduced a formal link between the forecasts of the different forms of infrastructure considered. In the other studies, there are no explicit links between the demands for the different types of infrastructure other than the use of common drivers.

The econometric estimates used to forecast demand in these models are based on observations of past behavior. As such, Fay (2001, 2) was careful to note that these demands are estimates of “what consumers and producers would be asking for given their income and level of economic activity.” They do not reflect “some socially optimal measure of need for infrastructure service or infrastructure investment (Fay 2001, 2).” Chatterton and Puerto (2006, 1) stated that “the results of the regressions do not reflect drivers or inhibitors of investment.” Estache and Fay (2010, 163), citing Lall and Wang (2006), pointed out, however, that “if past demand was rationed, it may not be a good predictor of unrationed demand,” implying that these types of regressions may indeed reflect shortages of investment. All of this points to the need “for an approach that incorporates fiscal constraints and supply-side bottlenecks and models the gap between current and optimal level of provisions” (Estache and Fay 2010, 163). This is an issue we will return to in describing the IFs forecast methodology later in this chapter.

In the second category of existing approaches to infrastructure forecasting, elaborate mathematical models, with more explicit demand and supply sides and somewhat more endogeneity in the dynamics of the demand drivers, are used to calculate the demands for various components of a certain type of infrastructure. One example is the World Energy Model, developed and maintained by the International Energy Agency (2010), and used to provide the electricity generating capacity forecasts in the OECD’s Infrastructure to 2030 study (Morgan 2006).[footnoteRef:57] As part of the broader energy system, the IEA model disaggregates electricity demand by end-use sector (residential, industrial, and heating) and generation by electricity plant type (fifteen in total, including those using fossil, nuclear, and renewable fuel sources). The sectoral demands are driven by factors “including electricity price, household income, and the possibility to switch to others energy sources to provide the same service” (International Energy Agency (IEA) 2010, 14).” The total capacity needed is driven by these factors, and also by the electricity used by the plants themselves as well as transmission and distribution losses, the load distribution, plant capacity factors, and the additional generating capacity required to ensure adequate security of supply (International Energy Agency (IEA) 2010, 14).[footnoteRef:58] Not surprisingly, the IEA model and other models of this type need large amounts of initial data and information about the energy sector. Therefore, they are usually used for individual countries or regional groupings of countries. [57:  The World Energy Model also estimates refinery capacity, access to electricity, and the traditional use of biomass. For the latter two, it does so using the same econometric method described in our first category of demand models (International Energy Agency (IEA) 2010, 29–31). The estimates for the former are based on oil demand projections across regions (International Energy Agency (IEA) 2010, 12–13).]  [58:  The load curve describes how electricity demand is distributed over time. The amount of generating capacity needs to be able to meet the maximum, or peak, load, not just the average load. The plant capacity factor reflects what percentage of the time individual generators are actually operating and at what level. All generators are subject to a certain amount of downtime for maintenance and other factors.] 


Finally, some studies do not actually estimate demand directly. For example, Bhattacharyay (2010, 10), for his bottom-up estimates, simply included “economically viable projects . . . that have already been entered into the planning stages.” Others, such as Foster and Briceño-Garmendia (2010), identify demand as that needed to meet the Millennium Development Goals or other targets.
4.2.2 [bookmark: _Toc326061508][bookmark: _Toc200095290]Forecasting demand for infrastructure funds
As they did for infrastructure demand, Fay (2001) and Fay and Yepes (2003) also laid out the most common approach for estimating the demand for infrastructure funding across countries. In this approach, once the demands for physical infrastructure are forecasted, those demands are combined with the cost per unit of infrastructure to estimate the demand for funding for new construction and for maintenance, as follows:

· Funding for new construction: For each type of infrastructure, the existing level of physical infrastructure is subtracted from the forecasted level and the difference is multiplied by the unit cost. The results are then summed across the different types of infrastructure to calculate the total demand for funding for new construction. In a slight variation, rather than calculate the growth of the physical stock, Stambrook (2006) first calculated the ‘asset value’ of the existing road stock by multiplying the level of the physical stock by a unit cost. He then directly forecasted the growth of this asset value, which was assumed to be equal to the investment requirements.

· Funding for maintenance: For each type of infrastructure, the existing level of infrastructure is multiplied by its unit cost and a share factor less than one. Fay and Yepes (2003, 10) referred to this as “the minimum annual average expenditure on maintenance, below which the network’s functionality will be threatened.” Later authors have more specifically related the share factor to the depreciation rate or average expected lifetime of each type of infrastructure (Yepes 2008; Yepes 2005; Chatterton and Puerto 2006)
A fundamental question is the basis for calculating or estimating the unit costs for each type of infrastructure. Do they differ by country? Do they change depending upon the level of existing infrastructure? Do they change over time with changes in income or price level? Fay (2001, 11) and Fay and Yepes (2003, 10) developed an approach based on what they referred to as “best practice prices taking into account associated network costs.” With the exception of Hughes, Chinowsky, and Strzepek (2009), who used average costs for the United States, all later studies appear to have used some measure of international best practice cost. These basic unit costs have been revised over time by individual studies in order to account for new information and regional differences.[footnoteRef:59] In only a few cases, however (e.g. Hughes, Chinowsky, and Strzepek (2009) and Yepes ((2005; 2008)), are different unit costs used for different countries within the same study. Kohli and Basil (2011) did assume a declining unit cost for mobile phones as penetration rates increase above 30 percent, but this is the only case in which costs were assumed to change as a function of scale. Yepes (2005) and Chatterton and Puerto (2006) allowed the unit costs to change simply as a function of time over the horizon of the study, but only for mobile and mainline phones. Finally, Hughes, Chinowsky, and Strzepek (2009) made allowances for changes in unit costs as a result of changing climate parameters—precipitation, temperature, and wind—for certain types of infrastructure. [59:  We do not consider changes due to a shift in the base year in which the costs are represented (e.g., year 2000 $US versus year 2005 $US) in the study. These are important in comparing the unit costs across studies, though.] 


Tables 4.1-4.11 present the unit costs and depreciation rates used in a number of the studies mentioned above. While there is some variation across studies, particularly for fixed and mobile telephones, there is also a fair amount of consistency across the studies, to the point that some estimates have not even been updated to reflect the changes in the base year of the currency. This reflects the use of common sources and the influence of the original Fay (2001) and Fay and Yepes (2003) studies. We have also included annual recurrent costs (primarily maintenance) and infrastructure lifespan where given, though many studies did not include these.

[bookmark: _Toc197147850][bookmark: _Toc200095291][bookmark: _Toc326061509]4.3.2.1 Summary of unit cost data for transportation 
The unit costs for roads, both paved and unpaved, in general stem from the World Bank’s Road Costs Knowledge System (ROCKS) and represent the cost of building 1 km of two-lane road. Most studies assume a single best practice cost regardless of country or region. Maintenance costs for roads only reflect general upkeep and do not include costs associated with rehabilitation.
	Table 4.1 Unit costs and lifetimes for paved roads from other studies

	Study
	Units
	Costs of new construction
	Annual recurrent costs
	Lifetime in years

	Fay (2001, 11)
	Constant 1995$US per Km
	200,000
	
	

	Fay and Yepes (2003, 10)
	Constant 1995$US per Km
	410,000
	2% of unit replacement cost
	

	Yepes (2005, no page number)
	Constant $US, year not stated, per Km
	417,995
	2% of stock value
	

	Chatterton and Puerto (2006, 7, 9–10)
	Constant $US, year not stated, per Km
	425,000
	2% of replacement cost
	

	Yepes (2008, 7, 10, 11, 15)
	Constant 2005 $US per Km
	410,000
	4% to 5.1%
	

	Bhattacharyay for maintenance (2010, 10) unit costs from ADBI (2009, 27–28)
	Constant 2008 $US per Km
	425,000
	2% of stock value
	

	Kohli and Basil (2011, 96)
	Constant 2009 $US per Km
	895,000
	2% of stock value
	

	Hughes, Chinowsky, and Strzepek (2009)*
	Constant $2005 US PPP per Km
	600,000
	0.56%
	50

	Us at the moment
	Constant $2000 per Km
	150,000 below 3K income, rising to 400,000 above 13K
	
	30

	



	Table 4.2 Unit costs and lifetimes for unpaved roads from other studies

	Study
	Units
	Costs of new construction
	Annual recurrent costs
	Lifetime in years

	Yepes (2008, 7, 10, 11, 15)
	Constant 2005 $US per Km
	50,000
	7.3%
	

	Hughes, Chinowsky, and Strzepek (2009)*
	Constant $2005 US PPP per Km
	40,000
	5.7%
	10

	Us at the moment
	Constant $2000 per Km
	20,000 below 3K income, rising to 50,000 above 13K
	
	15

	



[bookmark: _Toc197147851][bookmark: _Toc200095292]4.3.2.2 Summary of unit cost data for improved water and sanitation 
In a series of studies, Hutton and colleagues (Hutton and Haller 2004; Hutton et al. 2006; Hutton, Haller, and Bartram 2007; Haller, Hutton, and Bartram 2007; Hutton and Bartram 2008a; Hutton and Bartram 2008b) explored the costs of meeting the 2015 water and sanitation MDGs. In these documents, they provided per capita costs for both capital investments in new facilities and annual recurrent costs (operation and maintenance, surveillance, and education) for various types of improvement and for three regions: Africa, Asia, and Latin America and the Caribbean. The capital costs were taken from the cost survey reported in the Global Water Supply and Sanitation Assessment 2000 Report (WHO/UNICEF Joint Monitoring Program for Water Supply and Sanitation 2000) and the annual recurrent costs were derived from a range of previous studies (Hutton and Bartram 2008b, 6–7). In Hutton and Bartram (2008a, 14), they also took into account periodic replacement of existing facilities.

Table 4.3 summarizes the costs they used in the most recent of these analyses (Hutton and Bartram 2008a). (Note that they did not use different costs for different regions; the regional estimates from the 2000 Global Assessment report were only used to provide the ranges shown in the Table 4.3). They used these ranges, along with other assumptions about, for example, type of coverage (household or other) to define a set of scenarios. They also included program costs, which they defined as “costs incurred at a level other than the delivery point of an intervention to beneficiaries and include costs incurred at the district, provincial or central administration level” (Hutton and Bartram 2008b, 7). Due to high degrees of uncertainties, these were not included in their base case scenario. In the scenarios in which these were included, they ranged from 10 to 30 percent.

Table 4.4 summarizes the costs and lifetimes of improved water and sanitation used in previous studies exploring future demands for infrastructure. With the exception of Ashley and Cashman (2006), these studies focused on developing countries.

	Table 4.3 Unit costs and lifetimes for improved water and sanitation from Hutton and Bartram

	
	Initial investment
	Annual recurrent costs
	Lifetime

	
	US$2005 per capita
	US$2005 per capita
	Years

	Improved water
	
	
	

	   Household connection
	148-232
	9.6-14.6
	40

	   Other improvement
	50-72
	0.4-0.5
	20

	Improved sanitation
	
	
	

	   Household connection
	193-258
	8.2-11.0
	40

	   Other improvement
	93-134
	4.7-5.0
	20

	Source: Hutton and Bartram (2008a, 16)



	Table 4.4 Unit costs and lifetimes for improved water and sanitation from other studies

	Study
	Units
	Costs of new construction
	Annual recurrent costs
	Lifetime in years

	Fay and Yepes (2003, 10)
	Constant 1995 $US per connection
	Water 400
Sanitation: 700
	3% of unit replacement cost
	

	Yepes (2005, no page number)
	Constant $US, year not stated, per connection
	Water 400
Sanitation: 700
	3% of stock value
	23

	Chatterton and Puerto (2006, 7, 9–10)
	Constant $US, year not stated, per connection
	Water: 400
Sanitation: 700
	3% of stock value
	23

	Yepes (2008, 7, 10, 11, 15)
	Constant 2005 $US per connection
	Water, urban: 80
Water, rural: 150
Sanitation: 150
	3% of stock value
	

	Bhattacharyay for maintenance (2010, 10) unit costs from ADBI (2009, 27–28)
	Constant 2008 $US per connection
	Water: 400
Sanitation: 700
	3% of Stock Value
	

	Kohli and Basil (2011, 96)
	Constant 2009 $US per connection
	Water: 101
Sanitation: 176
	3% of stock value
	23

	Hughes, Chinowsky, and Strzepek (2009)*
	Constant $2005 US PPP per connection
	Water: 600
Sanitation: 2000
	
	water: 40
sanitation: 60

	Ashley and Cashman (2006, 253)**
	$US, no date, per head
	Water supply: 450-1800
Sewage disposal: 650-2200
	
	

	Us at the moment
	Constant $2000 per connection
	Water: 300 below 5K income, rising to 600 above 10K
Sanitation: 400 below 5K income, rising to 800 above 10K
	
	30

	* Actual data from personal communication with Gordon Hughes. Also they multiply their unit costs by a country building cost factor, which ranges from 0.8 to 1.1.
** For centralized systems in developed countries. Not clear if this is only for new construction. Sanitation numbers include centralized treatment system.



	Table 4.5 Unit costs and lifetimes for wastewater treatment from other studies

	Study
	Units
	Costs of new construction
	Annual recurrent costs
	Lifetime in years

	Yepes (2008, 7)
	Constant $US 2005, per person
	120
	3% of stock value
	

	Us at the moment
	constant $2000 per connection
	120
	
	30

	



	Table 4.6 Unit costs and lifetimes for irrigation from other studies

	Study
	Units
	Costs of new construction
	Annual recurrent costs
	Lifetime in years

	Inocencio et al (2007, 18)*
	$US2000 per ha
	ALL: 8,213 (4,785)
SSA: 14,455 (5,726)
MENA: 6,590 (8,464)
South Asia: 3,393 (2,526)
SE Asia: 9,709 (3,861)
East Asia: 8,221 (4,101)
LAC: 4,903 (3,663)
	
	

	AICD
	
	
	
	

	Us at the moment
	Constant $2000 per ha
	6,000
	
	40

	* values in parentheses are for ‘success’ projects, where success defined by the economic internal rate of return; they also looked in some detail at what influences unit costs—among their basic findings was that unit costs for new construction have not changed over time, but they have declined for rehabilitation; larger projects have a lower unit cost; more government support leads to lower unit costs; and higher GDP per capita leads to higher unit costs (but is also associated with greater failure of projects)



[bookmark: _Toc197147852][bookmark: _Toc200095293]4.3.2.3 Summary of unit cost data for electricity
Unit costs for electricity generating capacity include both the cost of actually generating a kilowatt of electricity and the cost of distributing that kilowatt via associated transmission networks to households and businesses across the country. The exact breakdown used varies slightly by study, but in general, most studies, like Chatterton and Puerto (2006) and Kohli and Basil (2011) assume a 70/30 split, with generation representing 70 percent of the overall unit cost and distribution 30 percent. Fay and Yepes (2003, 10) went a step further, suggesting that the breakdown depends on technology used and population density of the area in question. But their general rule of thumb is to assume that generation makes up 60 percent of the unit cost, distribution 30 percent and transmission 10 percent.  

	Table 4.7 Unit costs and lifetimes for electricity generating capacity from other studies

	Study
	Units
	Costs of new construction
	Annual recurrent costs
	Lifetime in years

	Fay (2001, 11)
	Constant 1995$US per KW
	1500
	
	

	Fay and Yepes (2003, 10)
	Constant 1995$US per KW
	1900
	2% of unit replacement cost
	

	Yepes (2005, no page number)
	Constant $US, year not stated, per KW
	1900
	2% of stock value
	35

	Chatterton and Puerto (2006, 7, 9–10)
	Constant $US, year not stated, per KW
	1900
	3% of replacement cost
	35

	Yepes (2008, 7, 10, 11, 15)
	Constant 2005 $US per KW
	2000
	4% of stock value
	25

	Bhattacharyay for maintenance (2010, 10) unit costs from ADBI (2009, 27–28)
	Constant 2008 $US per KW
	1900
	2% of stock value
	

	Kohli and Basil (2011, 96)
	Constant 2009 $US per KW
	4000
	2% of stock value
	

	Hughes, Chinowsky, and Strzepek (2009)*
	Constant $2005 US PPP per KW
	1500
	2.9%
	40

	Us at the moment
	Constant $2000 per KW
	1,000 below 3K income, rising to 2,000 above 13K
	
	30

	



	Table 4.8 Unit costs and lifetimes for electricity access from other studies

	Study
	Units
	Costs of new construction
	Annual recurrent costs
	Lifetime in years

	Hughes, Chinowsky, and Strzepek (2009)*
	Constant $2005 US PPP per connection
	Urban: 850
Rural: 1,750
	1.33%
	40

	Us at the moment
	Constant $2000 per connection
	Urban: 850
Rural: 1,750
	
	40

	



[bookmark: _Toc197147853][bookmark: _Toc200095294]4.3.2.4 Summary of unit cost data for ICT
	Table 4.9 Unit costs and lifetimes for fixed phones from other studies

	Study
	Units
	Costs of new construction
	Annual recurrent costs
	Lifetime in years

	Fay (2001, 11)
	Constant 1995$US per KW
	1,000
	
	

	Fay and Yepes (2003, 10)
	Constant 1995$US per subscription
	400
	8% of unit replacement cost
	

	Yepes (2005, no page number)
	Constant $US, year not stated, per subscription
	China: 451 in 2000, 210 in 2005, 96 in 2010
Rest: 451 in 2000, 280 in 2005, 127 in 2010
	8% of stock value
	

	Chatterton and Puerto (2006, 7, 9–10)
	Constant $US, year not stated, per subscription
	400 for 2000-2004, 280 for 2005-2009, 261 for 2010 onward
	8% of replacement cost
	

	Yepes (2008, 7, 10, 11, 15)
	Constant 2005 $US per subscription
	127-580 (varies by region)
	
	

	Bhattacharyay for maintenance (2010, 10) unit costs from ADBI (2009, 27–28)
	Constant 2008 $US per subscription
	280 for 2006-2010, 261 for 2011-2015
	8% of stock value
	

	Kohli and Basil (2011, 96)
	Constant 2009 $US per subscription
	160
	8% of stock value
	

	Hughes, Chinowsky, and Strzepek (2009)*
	Constant $2005 US PPP per connection
	2,000
	1.33%
	40

	Us at the moment
	Constant $2000 per subscription
	400 below 5K income, falling to 300 above 10K
	
	30

	



	Table 4.10 Unit costs and lifetimes for fixed broadband access from other studies

	Study
	Units
	Costs of new construction
	Annual recurrent costs
	Lifetime in years

	Chatterton and Puerto (2006, 7, 9–10)
	Constant $US, year not stated, per subscription
	40
	
	

	Kohli and Basil (2011, 96)
	Constant 2009 $US per subscription
	40
	8% stock value
	

	Us at the moment
	Constant $2000 per subscription
	500 below 5K income, rising to 1,000 above 10K
	
	15

	



	Table 4.11 Unit costs and lifetimes for mobile phones from other studies

	Study
	Units
	Costs of new construction
	Annual recurrent costs
	Lifetime in years

	Fay and Yepes (2003, 10)
	Constant 1995$US per subscription
	700 in 2000; 580 after 2005
	8% of unit replacement cost
	

	Yepes (2005, no page number)
	Constant $US, year not stated, per subscription
	China: 210 in 2000, 80 in 2005, 96 in 2010
Rest: 280 in 2000, 185 in 2005, 127 in 2010
	8% of stock value
	

	Chatterton and Puerto (2006, 7, 9–10)
	Constant $US, year not stated, per subscription
	280 for 2000-2004, 185 for 2005-2009, 127 for 2010 onward 
	8% of replacement cost
	

	Yepes (2008, 7, 10, 11, 15)
	Constant 2005 $US per subscription
	127-451 (varies by region)
	
	

	Bhattacharyay for maintenance (2010, 10) unit costs from ADBI (2009, 27–28)
	Constant 2008 $US per subscription
	185 for 2006-2010, 127 for 2011-2015
	8% of stock value
	

	Kohli and Basil (2011, 96)
	Constant 2009 $US per subscription
	111 up to 30% saturation, falling to 45 at full saturation
	8% of stock value
	

	Us at the moment
	Constant $2000 per subscription
	300 below 5K income, falling to 200 above 10K
	
	20

	Us at the moment for mobile broadband
	Constant $2000 per subscription
	400 below 5K income, rising to 800 above 10K
	
	15

	



Along with their more detailed treatment of forecasting infrastructure demand, the World Energy Model (International Energy Agency (IEA) 2010) and other models of a similar nature also tend to use more detailed approaches to estimating the costs of meeting this demand. Such approaches involve, among other things, using estimates of capital and maintenance costs for specific technologies, which may differ across regions. Furthermore, in some of these models the unit costs change over time due to assumptions about learning and technological innovation.
4.2.3 [bookmark: _Toc326061513][bookmark: _Toc200095295]Forecasting the socioeconomic and environmental effects of infrastructure as a function of the level of infrastructure
In Chapter 3, we discussed the potential socioeconomic and environmental effects of infrastructure and reviewed much of the empirical evidence. For the most part, however, this knowledge has not been used for forecasting purposes (Calderon can be cited here as an example). A few exceptions are described here.

In the MAMS model (Lofgren and Diaz-Bonilla 2010), public infrastructure is one of the determinants in achieving the Millennium Development Goals, specifically the maternal mortality, under-five mortality, and primary education goals, which in turn affect economic development via their effect on the size and makeup of the labor force. In the model developed by Kohli and Basil (2011), the level of infrastructure affects the sectoral breakdown of economic growth, but not the overall level.

Turning to impacts on biodiversity, the Global Methodology for Mapping Human Impacts on the Biosphere (GLOBIO) framework, introduced in Chapter 3, has been used to calculate the impact of linear infrastructure[footnoteRef:60] and four other drivers—land use change (agriculture and forestry), nitrogen deposition, fragmentation, and climate change—on terrestrial biodiversity (Alkemade et al. 2009). The meta-analysis presented in Benítez-Lopéz, Alkemade, and Verweij (2010) also was used to estimate cause-effect relationships between infrastructure and species abundance. These were then applied in a Geographic Information Systems framework to forecast the impact of future changes in infrastructure, either alone or in conjunction with other drivers of species loss. [60:  Alkemade et al. (Alkemade et al. 2009, 378) focused on ‘linear infrastructure’ in their calculations— roads, railroads, power lines, and pipelines, which are included in the Digital Chart of the World database housed at Penn State University (http://www.maproom.psu.edu/dcw/).] 


In a more indirect sense, a number of models do include forward links to things such as pollutant emissions. The World Energy Model (International Energy Agency (IEA) 2010; Cofala et al. 2010), for example, forecasts emissions of carbon dioxide, sulfur dioxide, nitrogen oxides, and particulate matter from electricity generating plants. These are calculated by multiplying forecasted activity levels by forecasted emission factors, which vary by type of electricity generating unit, the fuels used, and environmental controls implemented.

In earlier versions of the IFs model, there were a number of ways in which some socioeconomic and environmental effects of infrastructure were forecasted. For example, physical capital, in part a function of telephone lines, roads, ICT usage, and electricity use, was (and remains) one of the factors determining changes in multifactor productivity over time (Hughes and Hillebrand 2006). For a previous volume in this series, Improving Global Health (Hughes et al. 2011), we added direct links from solid fuel use in the home and from access to improved water and sanitation to morbidity and mortality from specific diseases to the IFs model. Vehicle ownership also influenced morbidity and mortality from traffic accidents, but there was (and is) no link between vehicle ownership and infrastructure. We had earlier also introduced forward links from ICTs to overall energy efficiency and the relative costs of renewable energy. And, given the multiple models in the IFs system (see again Figure 4.2) the linkages of infrastructure to variables such as productivity created many indirect linkages to other socioeconomic and environmental variables. The details of how these forward linkages from infrastructure have been modeled in earlier work with IFs, and how they have been updated for this volume, are described later in this chapter.

4.3 [bookmark: _Toc326061514][bookmark: _Toc200095296] What We Do
Figure 4.1 laid out a conceptual framework for a dynamic, integrated, infrastructure-modeling system. The efforts of others described above offer prototypes of many of the building blocks for such a system, but to our knowledge, no one has previously constructed a forecasting tool able to represent all or even most of the elements that make up the entire framework.
In our effort to do that, the model moves through the following sequence each year:

1. Forecast the demand for physical infrastructure
2. Translate the demand for physical infrastructure into financial demand
3. Balance the financial demand with available resources
4. Determine the actual levels of infrastructure attained
5. Estimate the social, economic, and environmental impacts of infrastructure
In the remainder of this section, we describe each of these five steps.[footnoteRef:61] The final step in the framework, feeding back the social, economic, and environmental impacts into the demand for infrastructure and availability of financial resources in future years, takes place in other models of IFs and is described in the broader documentation of the system. [61:  Further details on the model can be found in the IFs help system and additional technical documentation on the infrastructure model.] 

All of what we do at both physical and financial levels, however, is based on data insofar as possible. Chapter 2 reviewed the problems associated with infrastructure data, including both the absence of a single that devotes attention to it and centralizes data for it and the relative poverty of historical infrastructure data. This chapter has already described our extensive review of unit cost data. Box 4.1 describes the country-specific database for physical infrastructure and spending on it that we put together for this volume and that is now available for all users of IFs (certainly one of the most comprehensive available).

Box 4.1 Building an infrastructure database for IFs
The absence of a single comprehensive source for historical infrastructure data required us to draw on the databases, reports, and papers of nearly a dozen international governmental and nongovernmental organizations: the International Energy Agency, the International Telecommunication Union, the World Bank, the World Health Organisation, the International Road Federation, the Food and Agriculture Organisation, the United Nations Environmental Programme, the Organisation for Economic Cooperation and Development, and the International Monetary Fund. From these disparate sources we assembled a set of 23 core data series for physical infrastructure and 3 series on infrastructure spending (used to initialize key forecast variables in the model). We have also assembled more than 500 supporting infrastructure data series to further enhance analysis with the IFs model.[footnoteRef:62]  [62: Including 254 energy and electricity related series, 185 ICT related series, 63 water and sanitation series, 5 irrigation series, and 32 transportation series.] 


For transportation, we draw especially on three main series of physical indicators: total road length in kilometers, paved road length in kilometers, and the percent of total roads that are paved. These data sets cover an average of 173 countries with 55 percent data availability,[footnoteRef:63] with temporal coverage ranging from 19 years (paved) to 49 years (total).[footnoteRef:64] We also include data from the World Bank’s Rural Access Index, which provides data on rural road accessibility for 169 countries from 1993 to 2004. [63:  In other words, 55 percent of all country/year pairs have data]  [64:  The initial data sets come from several sources: the International Road Federation and World Development Report, Calderon (2008), Canning (1998) ] 


For electricity, we use two main data series: total installed generating capacity in kilowatts and the percentage of population with access to electricity. For total generating capacity, we have data for 181 countries with 92 percent availability for 30 years. For the percentage of population with access we have data for 126 countries with 26 percent coverage over 8 years. 

For water and sanitation, we use fourteen main data series, covering water supply (from none to household connection) broken down by rural, urban, and total populations, sanitation (from open defecation to household connection) for rural, urban, and total populations, irrigation (total land area equipped for irrigation, land with potential for irrigation) and wastewater (the percent of the population connected to wastewater collection, and the percent of the population connected to wastewater treatment). The water and sanitation data sets cover an average of 176 countries with 91 percent availability for 20 years. The irrigation data covers an average of 143 countries with 64 percent data availability, with temporal coverage of 49 years. The wastewater series has data for 78 countries with 21 percent availability for 20 years.

For ICT, we use four main data series: fixed telephone lines per 100 persons, mobile phones per 100 persons, fixed broadband subscriptions per 100 persons, and mobile broadband subscribers per 100 persons. These four series cover an average of 182 countries with 82 percent data availability, with temporal coverage ranging from 12 to 39 years (depending on when each technology was developed).

For infrastructure spending, data are much sparser. We gathered data from the OECD’s Structural Analysis Database (STAN), the African Country Infrastructure Diagnostic (AICD), the World Bank WDI and Private Participation in Infrastructure database (PPI), the IMF’s Government Finance Statistics Yearbook, National Accounts, and numerous individual reports. From these sources we constructed three main data series: total infrastructure investment (public and private) as a percent of GDP, private infrastructure investment as a percent of GDP by infrastructure type, and public spending on infrastructure by type of infrastructure. Total infrastructure investment covers 32 countries for 15 years with 3.5 percent data availability. Private investment in infrastructure has data for 107 countries for 18 years, with 16.5 percent data availability. Public investment only has 51 countries, with 13 percent availability for 5 years. 
4.3.1 [bookmark: _Toc326061515][bookmark: _Toc200095297]Forecasting the demand for physical infrastructure
Our approach to forecasting the demand for physical infrastructure begins with the use of demand equations within our four categories of infrastructure (transportation, electricity, water, and information/communications technology). Each equation relates a physical infrastructure type to specific economic, structural, and demographic drivers. We used historical data to derive the equations. In addition, we include linkages across some types of infrastructure and embed the econometric estimations in a set of structural relationships using a set of generic algorithms, some of which are described at the end of this section.
 
Our modeling effort focuses on a subset of all existing forms of infrastructure. Our choice of which variables to include in our model and which variables to use as driving variables was influenced by many of the previous studies discussed earlier and the availability of data. While a number of these studies did provide demand equations, we chose to undertake our own analysis for the purposes of this volume. This allowed us to use updated data (see Chapter 2 and Box 4.1) and to better integrate the resulting equations within the broader IFs system.
 
Before describing our modeling approaches for each of the four major categories of infrastructure, we wish to caution the reader that it is important to take care in interpreting what is meant by infrastructure demand in these equations. Earlier, we noted that Fay (2001, 2) described these types of demand equations as providing estimates of “what consumers and producers would be asking for given their income and level of economic activity.” However, the historical levels of infrastructure reflect both an actual underlying demand for infrastructure and the ability to provide this infrastructure. Following Lall and Wang (2006), as cited in Estache and Fay (2010, 163), to the extent that the historical levels of infrastructure were limited by financial constraints, then the equations will underestimate actual demand. Unfortunately, this actual demand is not observed; therefore, we cannot develop equations to estimate it. This poses a bit of a problem, both conceptually and practically. In the future, the financial constraints may be more or less binding than reflected in the estimated equations. In the former case, it is easy enough to reduce the provision of infrastructure. In the latter case, however, without being able to estimate the actual demand, we have no basis upon which to estimate the proper increase in the provision of infrastructure. It is possible, however, for the model user to modify the standard demand equations in a few ways. First, most of the forecasted demands can be adjusted up or down with the use of a multiplier. Second she can define specific targets for infrastructure. The latter is discussed in Chapter 6 where we explore scenarios in which targets are pursued.

There are additional issues around forecasting of demand, some of which we handle algorithmically. For instance, the base year calculations of demand forecasts tied to global cross-sectional estimations[footnoteRef:65] will most often not match data for countries in the base year—each country has peculiarities that differentiate it from the "typical pattern" and sometimes, of course, data errors account for such differences. In the first year the model therefore calculates an additive or multiplicative country shift factor representing that difference; we allow those shifts to gradually diminish over time, thereby causing countries to approach the demand function. [65:  We use the full panel for some variables.] 

A second such issue is that the dynamic trajectory of demand/supply growth in a country in recent years may be inconsistent with the forecasts produced by the demand equation. For instance, a policy-based surge of infrastructure development like that of China may result in an historical growth rate well above the one that our functions produce in the first years of our forecasting. In order to avoid a "transient" (a sharp bend) between the historical pattern and our forecast, we estimate a growth rate of physical infrastructure stock using the historical data over three to five recent years and incorporate that growth rate in the demand estimation through a moving average-based extrapolative formulation. 

[bookmark: _Toc326061516][bookmark: _Toc200095298]4.4.1.1 Transportation 
Our focus in the area of transportation infrastructure is on the extent of the road network. Figure 4.3 presents an overview of the structure of our forecasts. The three indicators we directly forecast are: total road density (kilometers per thousand hectares), paved road percentage (the percentage of total roads that are paved), and the rural road access index (the percentage of the rural population living within two kilometers of an all-season road). These are shown in red in Figure 4.3. The values of the driving variables for these indicators are endogenously forecasted elsewhere in IFs (shown in blue), or calculated as intermediate variables (shown in green) from forecasted variables. In addition, the three primary indicators are coupled, with total road density acting as a driving variable for paved road %, and both of these acting as drivers of rural road access via some intermediate calculations. From these primary indicators, we calculate a number of ‘derived’ indicators (shown in purple), including total roads, total paved roads, roads per capita, and the number of rural persons living more than two kilometers from an all-season road.


Figure 4.3 Modeling transportation infrastructure in IFs

We forecast the demand for total road density as a function of income density (GDP per unit land area), population density, and land area using the following equation:




where
INFRAROAD is total road density in kilometers per thousand hectares, income density is measured at PPP in year 2000 dollars per hectare, population density is measure in persons per hectare, and LANDAREA is total land area in million hectares. (we need to say we used x number of countries and y number of years of data)

Both income density and population density have positive coefficients in this equation, indicating that the demand for road density increases with increasing values of these variables. The opposite is true for land area. Since land area for a given country will not change in our analysis, this implies that for each country, increasing economic activity and growing populations both lead to an increasing demand for total road density, or equivalently total roads. If we compare countries with equivalent income density and population density, the demand for road density will be lower in the larger country. As we show below, however, this does not mean a demand for fewer roads.

Given the nature of the equation, which is linear in logarithms, the coefficients can be treated as elasticities. Furthermore, they are all less than 1 in absolute values, implying that the demand for total road density changes less than proportionately with a change in any of the driving variables. A 10 percent increase in income density or population density results in approximately only a 5 percent or 2 percent increase in demand for road density (or total roads), respectively. A country that is 10 percent larger than another country with the same levels of income and population density would demand a total road density that is only 1 percent lower. The larger country would still demand more roads in total.

We forecast the demand for paved road percentage as a function of per capita income, population, land area, and road density:



where
INFRAROADPAVEDPCNT is the percentage of total roads that are paved, GDPPCP is average income at PPP in thousands of year 2000 dollars, POP is total population in million persons, LANDAREA is total land area in million hectares, and INFRAROAD is total road density in kilometers per thousand hectares

This rather daunting looking equation is a version of a logistic equation (see Box 4.2). This representation ensures that the estimated value for the percentage of total roads that are paved falls between 0 and 100 percent. This percentage rises with average income and total population, but declines with total land area and the density of the road network. Based on the size of the coefficients, average income has the strongest effect.

Finally, we forecast rural road access as a function of income density (GDP per unit land area) and paved road density (paved roads per person):



where
INFRAROADRAI is the rural road access index, income density is measured at PPP in year 2000 dollars per hectare, and paved roads per person are measured in kilometers per millions persons.

The sign of the coefficients show that rural road access increases with both income density and paved road density.

 (
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A number of variables have values that have natural minimums and maximums. For example, the percentage of roads that are paved should always be between 0 and 100 percent. Thus, it makes sense to forecast these variables using functional forms that guarantee that the forecasted values fall in this range.
One of the simplest of these functional forms is the logistic:
(equation?)
where
y is the value of the predicted variable; x is the value of the i
th
 explanatory variable and 
α
 and 
β
i
 are estimated coefficients.
If an explanatory variable has a positive coefficient,
 β,
 then the value of the predicted variable increases with the value of the explanatory variable and vice versa (see below). The size of the absolute value of the coefficient determines how much the value of the predicted variable changes with a change in the explanatory variable.
)As shown in Figure 4.3, we use these three indicators to calculate a number of further indicators of transportation infrastructure. In particular, we can calculate the demand for net changes in paved and unpaved roads. These represent the demand for new construction in the transportation sector, which, along with the maintenance of existing roads, determines the financial demand from the transportation sector.

[bookmark: _Toc326061517][bookmark: _Toc200095299]4.4.1.2 Electricity
Our focus in the energy sector is on the generation and use of electricity. In terms of physical infrastructure the key indicator we wish to forecast is the level of electricity generating capacity. From the user perspective, we also wish to forecast the percentage of the population that has access to electricity.

Figure 4.4 presents an overview of the electricity sub-model in IFs. This contains three components – estimating consumption, estimating production, and sending a signal for additional generating capacity in the case of a gap between production and consumption. Beginning with consumption, we first estimate the percentage of the population with access to electricity. This is forecasted as a function of poverty levels and a measure of governance. The levels of access, along with average income, are used to forecast the expected ratio of electricity use to primary energy use. With this ratio and the level of total primary energy use, forecasted elsewhere in IFs, we then calculate the desired electricity use. This desired electricity use can be met by either domestic production or imports. We make the simplifying assumption that share of electricity use met by imports will remain close to the historical value for each country. This then allows us to calculate the desired amount of electricity use to be met from domestic production.

The amount of domestically produced electricity is determined by the existing generating capacity, adjusted by a capacity utilization factor. We estimated the initial capacity utilization factor for each country based on historical data; in the future, it is assumed to slowly converge to a global average value, 0.55, which we calculated from current data on generating capacity and production in high income countries. We also account for transmission and distribution loss, which we forecast as a function of average income and a measure of governance. The resulting available electricity can be used for either domestic consumption or exports. Following the same logic used for imports, we assume that the share of available electricity that is exported will remain close to the historical value for each country.

We then compare the desired amount of domestically available electricity to the actual amount available. If there is a shortfall, the model generates a signal to build additional generating capacity. It is this desire for additional capacity, along with the need to maintain existing capacity that determines the financial demand for energy infrastructure.

Figure 4.4 Modeling energy infrastructure in IFs
We estimate access to electricity separately for urban and rural populations using the following equations:




where
INFRAELECACC is the percentage of the urban or rural population with access to electricity, poverty level is the fraction of the total population that lives on less than $1.25 per day, and GOVEFFECT is a measure of governance effectiveness developed as part of the World Bank’s World Governance Indicators project (Kaufmann, Kraay, and Mastruzzi 2010).[footnoteRef:66] [66:  The World Bank governance effectiveness measure ranges from -2.5 to +2.5, with a higher value being better. For our estimation and forecasts, we shift this scale to range from 0-5.] 


In both the urban and rural equations, increased levels of electricity access are associated with decreasing levels of poverty and increasing levels of governance effectiveness. Based on the specific coefficients and the possible values of the explanatory, we can also show that for any values these take, the estimated values for urban access will always equal or exceed those for rural access.

We calculate the percentage of the total population with access to electricity as a population weighted average of the urban and rural values. This is then combined with average income to forecast the ratio of electricity use to total primary energy use with the following equation:



where
ENELECSHRENDEM is ratio of electricity use to total energy use, GDPPCP is average income measured at PPP in thousands of year 2000 dollars, and INFRAELECACCnational is the percentage of the total population with access to electricity.

This uses a functional form that is linear in logarithms, just as for our forecast for total road density.[footnoteRef:67] Based on this and the sign on the coefficients, we can see that the ratio of electricity use to total primary energy use increases with both increasing income and electricity access. The estimated elasticities imply that a 10 percent increase in average income, holding electricity access constant, would lead to a 3 percent increase in the ratio. A 10 percent increase in access, holding average income constant would lead to a 5 percent increase in the ratio. [67:  It is possible to argue that we should use a logistic function here as the ratio of electricity use to total energy use must necessarily fall between 0 and 1. Because we know that there must be some energy loss in the transformation from primary energy to electricity, however, the maximum value for the ratio is some unknown value less than one. This unknown value makes the logistic formulation difficult to use. Fortunately, the logarithmic form behaves well, staying below 1 for even extreme values of the explanatory variables. ] 

The only estimated equation on the production side is for transmission loss. We forecast this as:



where
INFRAELECTRANLOSS is the percentage of electricity that is lost during transmission and distribution, GDPPCP is average income at PPP measured in thousands of year 2000 dollars, and GOVREGQUAL is a measure of governance regulatory quality developed as part of the World Bank’s World Governance Indicators project (Kaufmann, Kraay, and Mastruzzi 2010).[footnoteRef:68] [68:  The World Bank governance regulatory quality measure ranges from -2.5 to +2.5, with a higher value being better. For our estimation and forecasts, we shift this scale to range from 0-5.] 


This formulation implies that transmission loss falls with increasing income and improved governance regulatory quality.

Finally, although it was not shown in Figure 4.4, we recognize that there is a strong connection between the use of electricity and of solid fuels in the home. In general, as households move up the energy ladder (Holdren and Smith 2000), they increase their use of former and decrease their use of the latter. We also include a link from access to electricity to the use of solid fuels in the home. In previous versions of the model, where we did not estimate electricity access, we used income per capita, income distribution, and education as drivers in estimating the percentage of the population that primarily used solid fuels for heating and cooking (Hughes, Kuhn, et al. 2011, 98). We have now updated this formulation to include access to electricity as a key driver:



where
ENSOLFUEL is the percentage of the population using solid fuels as the primary fuel for heating and cooking, GDPPCP is average income measured in thousand $2000 PPP, and INFRAELECACCnational is the percentage of the total population with access to electricity.

As incomes and the access to electricity increases, the percentage of the population using solid fuels as the primary fuel for heating and cooking.

[bookmark: _Toc326061518][bookmark: _Toc200095300]4.4.1.3 Water and sanitation
We originally introduced forecasts of access to improved sources of drinking water and sanitation into IFs in support of the previous volume in this series, Improving Global Health (Hughes et al. 2011), because of the health risks associated with a lack of clean water and sanitation. For the purposes of this volume, we have extended this portion of the model to include forecasts of the share of wastewater collected that is treated prior to being returned to the environment. In addition, we also forecast the area equipped for irrigation.

In Chapter 2 of this volume, Box 2.2, we introduced the concept of ‘ladders’ for drinking water and sanitation. As countries develop, they ascend these ladders, gradually moving from a situation in which the majority has no access to improved sources of drinking water or sanitation to a point where most households have piped connections delivering clean water and collecting sanitation. Using this concept, we forecast three levels of access for both drinking water and sanitation (see Figure 4.5 and Box 4.3). In both cases, we do so using a set of coupled logistic equations. This guarantees that the estimated percentage in each category falls between 0 and 100 percent, and the categories sum to 100 percent of the population. Based upon our analysis of historical data, we include average income, poverty levels (measured as the percentage of the population living on less than $1.25 per day), educational attainment (measured as the average number of years of formal education for adults over 25), and government spending on the health sector as a percentage of GDP as explanatory variables for both drinking water and sanitation. 

Government spending is important because water and sanitation have been major targets of public health systems since at least the days of the Roman empire. In addition, we found that the percentage of population living in rural areas had a significant effect on access to drinking water, but not sanitation.[footnoteRef:69] Countries move up the ladders as income, educational attainment, and government spending on health increase, and poverty levels and share of the population that is rural decreases. In general, the formulations forecast lower levels of access to improved sanitation than drinking water, reflecting the situation in most countries (see our discussion of the historical data in Chapter 2). [69:  We plan to eventually provide separate forecasts for rural and urban populations, in which case we expect this last factor to fall out of the estimated equations.] 



Figure 4.5 Modeling drinking water, sanitation, and wastewater infrastructure in IFs

Turning to wastewater, we assume that the percentage of the population that is connected to a wastewater collection system is equal to the percentage of the population that had a household connection for sanitation (see again Box 4.3). We then forecast the share of the population whose wastewater is collected that is also treated as follows:



where
WATWASTETREAT is the percentage of the population whose wastewater is collected that is subsequently treated, GDPPCP is average income at PPP measured in thousands of year 2000 dollars, and SANITATIONHC is the percentage of the population with a household connection for sanitation.
Once again, this is a logistic equation. The percentage of the population whose wastewater is collected that is subsequently treated increases with both average income and the percentage of the population with a household connection for sanitation. The final step is to multiply WATWASTETREAT by SANITATIONHC to get the forecast of the percentage of the population whose wastewater is collected and treated.
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Box 4.3 The 
r
elationship between 
h
ousehold 
s
anitation 
c
onnections and 
w
astewater 
c
ollection in 
hi
storic 
d
ata
We obtain data on access to improved drinking water and sanitation from the Joint Monitoring Programme (JMP) of the World Health Organization and the United Nations Children’s Fund (
http://www.wssinfo.org/
). These originate from national and international surveys. From the United Nations Statistical Division (UNSD) (
http://unstats.un.org/unsd/environment/wastewater.htm
) we take data on wastewater collection and treatment, which are derived from UNSD/UNEP Questionnaires on Environment Statistics, OECD/Eurostat Questionnaire on the State of the Environment, and the OECD Environmental Data Compendium.
Unfortunately, JMP no longer provides specific information on household connections to piped sewer systems separate from other types of improved sanitation. In order to address this issue, we compared the data on wastewater collection against that on access to improved sanitation. Of the 181 country-year pairs with data on both indicators, there were only 14 cases (covering 7 countries) where the value for wastewater collection exceeded that for access to improved sanitation. This supports the assumption that, in most cases, the data on wastewater collection is a good proxy for the percentage of the population with household connections to piped sewer systems. For the initialization of the model, therefore, we: 1) adjust the data on wastewater collection to match that of access to improved sanitation when the former exceeds the latter, 2) set the percentage of the population with access to improved sanitation in the form of a household connection equal to the percentage of the population connected to a wastewater collection system from the UNSD dataset, and 3) set the percentage of the population with access to another form of improved sanitation equal to the percentage of the population with access to improved sanitation from the JMP dataset minus the percentage connected to a wastewater collection system from the UNSD dataset.
)
There are few forecasts of the area equipped for irrigation and those that do exist tend to be based on very detailed analyses of specific situations. In a recent report from Jelle Bruinsma of the United Nations Food and Agricultural Organization (FAO) on agriculture looking out to the year 2050 (Bruinsma 2011, 251), Bruinsma states that the “projections of irrigation presented in this section are based on scattered information about existing irrigation expansion plans in different countries, potentials for expansion (including water availability) and the need to increase crop production.” Another report looking at global agriculture over the next half century (Nelson et al. 2010), this one from the International Food Policy Research Institute, relies on exogenous assumptions of the growth in irrigated area. The authors do not specify from where they obtained these assumptions, but some of the same authors have reported on the irrigation potential for Africa (You et al. 2010; You et al. 2011), basing their conclusions on agronomic, hydrological, and economic factors.

Rather than attempt to replicate this level of detailed analysis, we forecast the area equipped for irrigation based upon data on historical patterns and the area that could be potentially equipped for irrigation, drawn from the FAO’s FAOSTAT and AQUASTAT databases.[footnoteRef:70] These data are incomplete, providing data on area equipped for irrigation for 168 of the 183 countries included in IFs and data on the potentially irrigable area for 117 of 183 countries. In our examination of these historical data, we found that a number of countries had already reached an apparent plateau in the amount of area equipped for irrigation, which was often well below the potential indicated. For example, Argentina’s area equipped has stayed at a bit over 1.5 million hectares since the late 1970s, even though its potential is given as more than 6 million hectares. It is often unclear why countries saturate below their ultimate potential, but one obvious reason for some is that they receive enough rainfall to not warrant irrigation. [70:  These are available at http://faostat.fao.org/site/291/default.aspx and http://www.fao.org/nr/water/aquastat/main/index.stm respectively. The area potentially equipped comes from country and regional studies that use inconsistent methods and consider different factors.] 


As a result of this analysis, we assume that countries that appear to have already attained a level of saturation in their area equipped for irrigation will remain at their current level, even if this is below the potentially irrigable area. This applies to 67 countries. For the remaining countries, we extrapolate their recent growth in area equipped for irrigation, while not allowing them to exceed a specified level of saturation. If they do have a value for potentially irrigable area, we use this information and the current amount of area equipped for irrigation to determine the saturation level; countries whose current area equipped for irrigation have saturation levels closer to the potential. For those countries without data on potential area irrigated, we assume a saturation level that is slightly above their current area equipped for irrigation, taking into account their total agricultural area, which is also provided by the FAO datasets.

The forecasted demands for additional areas equipped for irrigation and people with wastewater treated are passed to the financial model directly. Physical connections for drinking water and sanitation, however, are generally to households and not individuals. Therefore, we convert the forecasts of access to drinking water and sanitation from percentages of the population to number of households using an average number of persons per household, which is forecasted elsewhere in the model.

[bookmark: _Toc326061519][bookmark: _Toc200095301]4.4.1.4 Information and communication technologies (ICT)
The most dynamic changes in infrastructure in recent years have been in the area of ICT. The rate of change in this sector, both qualitative and quantitative, presents a serious challenge to forecasting for all but the shortest time horizons. However, the importance of the sector means that it cannot be ignored. With that in mind, we forecast four basic indicators of ICT infrastructure: fixed telephone connections, fixed broadband subscriptions, mobile telephone subscriptions, and mobile broadband subscriptions, all per 100 persons (see again Box 2.5 on measuring ICT infrastructure).
Figure 4.6 presents an overview of our approach to forecasting ICT infrastructure. As this shows, there are strong interactions among the four basic access indicators. Beginning with fixed telephone lines, we assume that their demand is driven by average income. However, given the potential for substitution by mobile telephone lines, we also assume that as mobile usage increases, the demand for fixed telephone lines will decline. Our analysis of the historic data indicates a level of around 30 mobile telephone subscriptions per 100 population as the point when fixed line decline begins, so we build this into our forecasts algorithmically. We also assume that fixed telephone line usage will not completely disappear. Rather it will settle at a low level; we set this at 2.5 lines per 100 persons. We have built other algorithmic elements that link ICT types into our forecasting formulations. They include assumptions that: 1) mobile broadband subscriptions will never exceed mobile telephone subscriptions and 2) decline in fixed telephone lines boosts the growth in fixed broadband, because countries that have existing investments in fixed-line infrastructure are able to leverage these networks to provide broadband access with rather modest investments.


Figure 4.6 Modeling ICT infrastructure in IFs

Our forecasts for fixed broadband, mobile telephone, and mobile broadband subscriptions are driven in part by cross-sectional relationships. For each technology, we found strong relationships indicating that usage levels (our proxies in this case for access) increase with rises in average income and governance regulatory quality; in the case of fixed broadband we also found urbanization to be important, as one might expect for a technology, the installation which is supported by population density.

These relationships, while strong, do not remain static across time. Figure 4.7 shows this for mobile telephone subscriptions. The individual points reflect historical data for country access rates for the years 2000, 2005, and 2010. The lines are logarithmic curves fit through these data. The upward shift over time reflects the technological changes occurring in ICT, which we discussed in Chapter 2. In order to forecast access to ICT in the face of such rapid technological change, we combined the use of the cross-sectional function with an algorithmic approach that simulates the upward shift of the curves. The algorithmic element assumes an S-shaped process in which the most rapid shifts occur near the middle of the range (the inflection point) from no adoption to access saturation. Because data from the International Telecommunications Union show penetration rates for some ICT technologies that exceed 100 subscriptions per 100 period, that saturation rate is not always 100. Specifically, we defined it as 100 subscriptions per 100 persons for fixed broadband and 150 subscriptions per 100 persons for both mobile technologies.[footnoteRef:71]  [71:  Kohli and Basil (2011, 78) assume a saturation level of 250 mobile phone subscriptions per 100 persons in their forecasts.] 


We shall elaborate this general approach with the example of our mobile phone subscription model. As a first step, we determine the annual subscription rate using a cross-sectional regression driven by (a) per capita income, a proxy for the disposable income of potential subscribers, and (b) the regulatory situation in the national market represented by the World Bank's index of regulatory quality. The income impact slows down at higher income levels, so we used a logarithmic formulation. We did not log the governance variable, because it is an index with a small range and a fixed upper limit.

The forecasts for the two driver variables are obtained from the economic and governance modules of IFs. Country-specific variations from the global cross-sectional function, if any, are represented by an adjustment algorithm, based on the shift of the function from historical data (as discussed earlier in this section on our approach to demand functions).
 




where
t is time, ICTMOBIL is the mobile phone subscription per 100 persons, GDPPCP is GDP per capita in 1000 2005 PPP dollars, GOVREGQUAL is an index of governance regulatory quality with a range of value from 0 to 5 initialized with World Bank's data on that measure, and ln stands for natural logarithm.

Annual growth (or decline) in subscription rate resulting from the cross-sectional approach is then calculated. 



The cross-sectional approach captures the time-specific patterns for the year of its estimation. It does not, however, represent the rapid diffusion of access that we have been experiencing (see again Figure 4.7). The combination of the time-specific pattern and that fast diffusion or "technological shift", caused by various systemic factors[footnoteRef:72] from product and process innovation to network effects, is captured in IFs through an S-shaped growth path, the growth parameters of which are determined by an analysis of the historical data. For mobile phones, we have come up with a maximum combined (cross-sectional plus technological shift) growth rate of 3 percent at the inflection point and a minimum growth rate of 1 percent. We also have an upper bound of 150 percent on the subscription rate itself. The maximum growth rate is supposed to occur at the inflection point, i.e., subscription rate of 75 percent.  [72:  Kalba (2008) discusses this in great detail.] 




where 
ictmobiltechighrt and ictmobilteclowrt are the maximum and minimum growth rates described above.




As with the other forms of infrastructure, prior to moving to our financial forecasts, we convert the forecasted demand for the four indicators of ICT infrastructure, which are given in terms of per 100 persons, to actual numbers of subscriptions. In this case, this is done in a quite straightforward fashion by multiplying by total population.


Figure 4.7 Relationship between mobile telephone subscriptions and average income at various points in time
Source: WDI and ITU databases
4.3.2 [bookmark: _Toc326061520][bookmark: _Toc200095302]Translating the demand for physical infrastructure into financial demand
In estimating the demand for infrastructure funding, we adopt the approach introduced by Fay (2001) and Fay and Yepes (2003) described earlier. Recall that in this approach, the demands for physical infrastructure are combined with the cost per unit of infrastructure to estimate the demand for funding for new construction and maintenance. We will focus here on some of the specifics of our implementation.

In our model, demands for infrastructure in most cases are first estimated as access rates, for example, rate of access to improved sanitation. We multiply the desired access rates with the appropriate variable (e.g., number of households) to obtain the absolute amounts of physical infrastructure (number of households with improved sanitation). Forecast on population variables are obtained from IFs population module forecasts that runs simultaneously with the infrastructure module.

A critical issue is determination of the unit costs and the relative share of funding that we estimate to come from private and public sources. Earlier we noted that there are a number of questions related to unit costs for each type of infrastructure. Do they differ by country? Do they change depending upon the level of existing infrastructure? Do they change over time? With a few exceptions, most previous studies have held these costs constant across countries, levels of infrastructure, and time.

In our implementation, we considered assuming, for most types of infrastructure, that unit costs increase as a function of a country’s level of income (see Figure 4.x). This would draw upon work by Stambrook (2006, 225), based upon his review of the mean asset values of paved roads in different countries. He interpreted this pattern as reflecting an increase in the quality of roads as income rises. Another interpretation would be that labor costs tend to increase with average income. However, given the extent of studies that have assumed fixed and universal unit costs and given the difficulty of specifying variable costs, especially for infrastructure types beyond roads, we have proceeded with temporally fixed and geographically universal unit costs by infrastructure type (one cost per infrastructure type). [We would welcome feedback on this difficult issue from our reviewers of this first manuscript draft.]

[image: ]Figure 4.x Change in unit cost with income

Funding for infrastructure comes from both public and private sources. We assume a specific share of public and private funding for each type of infrastructure. This, in effect, implies that public spending on infrastructure leverages a certain amount of private spending. These shares differ by type of infrastructure, but are constant across country and time. Table 4.x summarizes these shares, which can be changed by the user.
4.3.3 [bookmark: _Toc326061521][bookmark: _Toc200095303]Balancing the financial demand with available resources
It is not necessarily the case that the demands for infrastructure funds can be met. In determining whether they can be, we focus on the public spending for infrastructure. In IFs, government revenues, net of foreign aid and debt repayment, are allocated between transfers (pensions, etc.) and direct government spending. The latter is divided among broad categories—defense, education, health, research and development, basic infrastructure (those types represented physically in the model , and other infrastructure (see Box 4.4) — and a residual category of other government spending. It is through this process of allocating government revenues that the amount of public funding for infrastructure is ultimately determined (the IFs model also allows some imbalance between revenues and total expenditures year-to-year, but over longer periods it does not allow overspending and debt accumulation or even surpluses to continue).

Once the total direct government spending is determined, this is compared to the total demand across the various categories. If the latter exceeds the former, then each category receives an equivalent percentage reduction in order to achieve a balance. If the total demand is less than the availability, then the surplus is shared among the different categories, other than infrastructure. This choice was made because the inability to estimate the underlying actual demand discussed earlier does not make it possible for us to determine if these additional funds would actually be desired.

 (
Box 4.4 Public spending on "other" infrastructure
Since we do not include all forms of infrastructure, particularly newer and yet to be developed forms, our calculation of the demand for infrastructure spending almost certainly underestimates the actual amount demanded. Based on historical data, we have estimated that spending on "other" infrastructure gradually increases with average income in a country from around 1.x percent of GDP to 2.2 percent of GDP. Therefore, our forecasts also include a demand for funding for "other" infrastructure that is purely a function of GDP per capita.
)It is possible to prioritize funding for infrastructure.[footnoteRef:73] In this case, a portion of the desired funding for infrastructure is funded first, up to the level of total government spending; any remaining available government spending is then allocated proportionately to the remaining (unprioritized) portion of desired funding for infrastructure and the other categories.  [73:  This can also be done for education. In fact, in the Base Case of IFs, 60 percent of the education funding desired is set aside. Also, when priority is given to infrastructure, ‘other’ infrastructure (see Box 4.3) receives the same priority] 


4.3.4 [bookmark: _Toc326061522][bookmark: _Toc200095304]Determining the actual levels of infrastructure attained
Once the total amount of public funding for infrastructure is determined, we can establish the actual levels of infrastructure attained. If the budget balancing process does not result in a reduction of the public funds for infrastructure from that desired, then the process is straightforward; the level of infrastructure attained is equal to the level of infrastructure desired (see Box 4.5 for a minor exception related to delays involved in construction of infrastructure). In the case where infrastructure does not receive the full amount of desired public funds, things become more complicated.

In the case of a budget shortfall, we make three simplifying assumptions. First, we assume that all forms of infrastructure are affected equally; specifically, each receives the same proportionate cut in the amount of public funding received relative to demand. Second, with the exception of ICT infrastructure, we assume that the amount of private funding is reduced by the same proportion. This is based on the premise that public funding for infrastructure leverages private spending, which we discussed earlier. We make the exception for ICT because this is a less tenable assumption for that sector given the degree to which private spending has driven ICT development historically. Finally, we assume that the reductions in funding affect spending on both maintenance and new construction equally.

 (
Box 4.5 Accounting for the time between infrastructure spending and attainment
Much like Rome, infrastructure is not built in a day. Nor is it built in a year. The appearance of new infrastructure generally reflects investment that has occurred over a number of years and, especially in the case of major water projects, even decades. The foundational patterns of our forecasts do not explicitly represent such delays, however, because for aggregate infrastructure categories in countries as a whole it is reasonable to smooth both spending and construction completion patterns. In some cases, however, including scenario analyses like those of Chapter 6, we do represent dramatic increases in funds being made available for infrastructure from one year to the next, reflecting a ramping up of infrastructure development. In these cases, we hold back a portion of the new funds being made available and gradually release the money over a number of years. In this way, we approximate the time delays in the conversion of spending on infrastructure to its actual attainment.
)The result of a budget shortfall is that there is less new construction of infrastructure than desired, as well as less maintenance of existing infrastructure. The net effect can be an absolute decline in some forms of infrastructure if the new construction is not enough to make up for the amount of infrastructure lost due to inadequate maintenance.

4.3.5 [bookmark: _Toc326061523][bookmark: _Toc200095305]Estimating the economic, social, and environmental impacts of infrastructure
We described a number of the social, economic, and environmental impacts of infrastructure in Chapter 3. We divided these into impacts on economic growth, income distribution, health, education, governance, and the environment. Given the limited empirical support for many of these linkages and therefore a high level of uncertainty about whether and how to represent them, , we have limited our inclusion in IFs to direct links from infrastructure to economic growth, health and (in the environmental category) energy. As our understanding becomes more complete, we plan to add further direct linkages.[footnoteRef:74] Important indirect linkages supplement the direct linkages that we describe here (see again Chapter 2) For example, the forward linkages from economic growth to environmental impact (via paths such as increased energy use and food demand) and of improved health to demographic change are present in the current model. In fact, the indirect linkages via both of these paths are pervasive across the model. [74:  In the development of IFs we often include relationships that are pretty obviously existent and important, even when we do not have strong basis for specific formulations and parameters, because we believe that an explicit and rough estimate of such relationships is better than an implicit and clearly wrong omission of them. We expect over time to extend the infrastructure modeling to include some of the relationships we have omitted here, including, for instance, the affects of rural roads on increasing educational enrollments and on reducing spoilage of agricultural production that otherwise cannot reach markets.] 


[bookmark: _Toc326061524][bookmark: _Toc200095306]4.3.5.1 Impacts on productivity and economic growth
We estimate the impact of infrastructure on economic growth through its effect on multifactor productivity. Most economic models relate aggregate growth to changes in factors of production, typically capital (K) and labor (L), and an additional component, which is variously called the Solow residual, the technological change parameter, total factor productivity, or multifactor productivity (TFP or MFP); here we use the MFP label. Analyses have long shown that MFP can be quite large (Solow 1957; Solow 1956).[footnoteRef:75] Within IFs, we treat MFP as an endogenous variable that human capital, social capital, physical capital, and knowledge capital influence (Hughes 2007). Infrastructure is a key component of physical capital, along with natural resources. The impact of the latter is represented through the effect of energy prices on MFP. [75: The estimate by Solow (1957, 320) that technical change accounted for 87.5 percent of growth in economic output per worker-hour in the US from 1909-49 focused the minds of everyone interested in growth on the Solow residual. From growth accounting estimates in four panels of countries Barro and Sala-i-Martin (1999, 380–381) reported unweighted average estimates of TFP that are considerably lower, but still impressive: 40.7 percent for seven OECD countries, 1947-1973 (33.6 percent for the US); 34.8 percent for the G-7 countries, 1960-1990 (13.2 percent for the US); 24.3 percent for seven Latin American countries from 1940-1980; and 14.2 percent for four East Asian countries from 1966-1990. Even though it is generally understood that the productivity share of growth is lower in less developed countries than in the OECD, it is clearly sufficiently high and variable to be an important factor in growth forecasting and development analysis.] 

 
In estimating the impact of infrastructure on MFP, we build upon the insights of the studies reviewed in Chapter 3. First, we relate the impact to measures of physical infrastructure and not to measures of infrastructure spending. Second, because of the interaction effects across infrastructure types we do not attempt to estimate the impact of individual forms of infrastructure, but rather estimate the impact as a function of a composite index of infrastructure. Due, however, to the very different historical and expected growth patterns of more traditional infrastructure—transportation, energy and water—vis-à-vis more modern forms of ICT infrastructure, we create a separate index for ICT and link it to MDP in a different way.
For the more traditional forms of infrastructure, we construct our composite index following the approach presented in Calderón and Servén (2010). We use the indicators shown in Table 4.12, which include a mix of measures of infrastructure quantity and quality (such as paved roads). A first step in index construction is to scale each measure by a meaningful factor, for example, population or land area; it obviously makes more sense to compare countries in terms of, for example, roads per person than total roads. Second, we normalize and standardize each indicator by taking the logarithm of the scaled measure, calculating the difference between this value and the mean value across countries, and then dividing the result by the standard deviation of these values across countries.[footnoteRef:76] The mean value and standard deviation for each indicator are based on the country-level data for the base year of our model, 2010. A negative (positive) value of each transformed indicator implies that it ranks below (above) the ‘average’ country in 2010. For example, a country with a negative value for total roads per 1000 persons in our forecast for 2030 would have fewer roads per person than the ‘average’ country in 2010. [76:  T Standardizing the data by dividing the difference from the mean by the standard deviation insures that changing the units of measures, e.g. from kilometers to miles, does not affect the results and creates comparability across measures.] 


We then take a simple average of the resulting values for each transformed indicator in a category to calculate the index for that category; for example, the Transportation index is calculated as one quarter of the sum of the transformed values for total roads per 1000 persons, total roads per 1000 hectares, the rural road access index, and the percentage of roads paved. Finally, we calculate a simple average of the Transportation, Energy, and Water indices to produce the overall Traditional Infrastructure index.[footnoteRef:77] As with the transformed values of the individual indicators, the value of the overall index can be positive or negative, indicating how a country compares against the ‘average’ country in 2010. [77:  One could imagine the use of a geometric mean for combination of individual indicators so as to represent some of the interaction effects across measures (Fleming and Wallace 1986); the use of logarithms in the transformation process for each indicator helps avoid the possibility that increases to extreme values on one infrastructure measure might be interpreted as comparably important as increases at more modest levels on a second measure.] 


	Table 4.12 Components of infrastructure indices

	‘Traditional’ infrastructure

	Transportation
	

	
	Total roads per 1000 persons

	
	Total roads per 1000 hectares

	
	Rural road access index

	
	Percentage of roads paved

	Energy
	

	
	Electricity generating capacity per capita

	
	Access to Electricity (national)

	
	Transmission Loss

	
	Ratio of electricity use to total primary energy use

	Water
	

	
	Household Connection to Safe Water

	
	Household Connection to Sanitation

	
	Wastewater Treatment

	‘Modern’ infrastructure

	ICT
	

	
	Mobile phone subscriptions

	
	Fixed broadband subscriptions

	
	Mobile broadband subscriptions



We use the overall Traditional Infrastructure index to calculate the impact of traditional infrastructure on MFP in the same way as we do for most factors that influence MFP. As described in Hughes (2007, 15–16), we do this by comparing the value of the index for a country to a benchmark function that indicates what value we would expect to see for a country given its current level of GDP per capita. A country whose index falls above (below) the benchmark value receives a boost to (reduction from) its MFP. For example, Latvia and Gabon have similar levels of GDP per capita in 2010, but Latvia’s traditional infrastructure index falls well above the benchmark line while Gabon’s falls well below. Thus, the former will receive a boost to its MFP due to traditional infrastructure, while the latter will receive a reduction. The size of the boost or reduction depends upon the distance from the benchmark value and a factor relating this distance to productivity. Our default value for this factor is 0.08, which is based on Calderón, Moral-Benito, and Servén (2011, 4), who estimated that the relationship between economic output and their own infrastructure index was between 0.07 and 0.10. This implies that if the value of the Traditional Infrastructure index for a country were a full point above the expected value given its level of GDP per capita, it would receive an 8 percentage point boost to its economic growth rate for the year due to infrastructure.[footnoteRef:78] [78:  Other aspects of the full MFP formulation in IFs will slightly modify this result.] 

 (
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Figure 4.8 Traditional Infrastructure Index vs. GDP per capita, benchmark function

When considering the impact of ICT infrastructure on MFP, this same structure runs into problems. Recall that our formulation for forecasting ICT infrastructure includes a technology shift factor. Therefore, any relationship between GDP per capita and the expected level of ICT would not remain stable over time; for example, a country with a GDP per capita of $5,000 in 2015 would be expected to have more ICT infrastructure than a country with a GDP per capita of $5,000 in 2010.
 
[bookmark: _Toc326061525]We measure growth contribution from ICT advances by taking the annual changes in our ICT index, which is in essence an average of access rates for different kinds of ICT, and multiplying that with a factor representing the percent of MFP growth resulting from a unit change in the index. The factor is a user-changeable parameter in the model with a default value of .08, determined from the literature (Qiang, Rossotto, and Kimura 2009: 45).[footnoteRef:79] [79:  Qiang, Rossotto and Kimura (2009: 45) talked about a 1.38 percentage point increase in per capita GDP growth for each 10 percent increase in broadband penetration. We used a value a little less than theirs to accommodate for the fact that our index is a mix of several types of ICT infrastructures, not all of which might have as strong an impact on economic productivity as does broadband.] 


[bookmark: _Toc200095307]4.3.5.2 Impacts on health
In the previous volume in this series, Improving Global Health, we explored the impacts of 1) unsafe water, sanitation, and hygiene directly on diarrheal diseases and indirectly on diseases related to undernutrition via its impact on levels of undernutrition, and 2) indoor air pollution on respiratory infections, such as pneumonia, and respiratory diseases, such as chronic obstructive pulmonary disease (COPD) (Hughes et al. 2011, 95–100). These are directly influenced by infrastructure via our measures of access to improved sources of drinking water and sanitation and the use of solid fuels in the home as proxies for these environmental health risks.

Hughes et al. (2011, 44–47) presented in detail our approach for estimating the impact of these health risks . In general, we compare the forecasted values of these infrastructure indicators to values that we would anticipate based only on income and educational attainment (distal drivers). If the estimated and expected values differ, we adjust the levels of mortality and morbidity for the associated diseases forecasted based only upon the distal drivers. For example, if the levels of access to improved sources of water and sanitation are higher than expected, we reduce the mortality rate from diarrheal diseases. The amount by which the mortality rate is reduced is based upon the analysis presented in the Comparative Risk Analysis work of the World Health Organization (Ezzati et al. 2004). This general approach, comparing forecasted values with expected ones and translating the difference into impact in a forward linkage, is obviously fundamentally similar to the method described above for linking infrastructure development and economic productivity.

[bookmark: _Toc326061526][bookmark: _Toc200095308]4.3.5.3 Impacts on energy
Finally, based on earlier analyses (Moyer and Hughes 2012), we also include effects of ICT infrastructure on the use of renewable energy and on overall energy intensity). The assumption is that increased ICT infrastructure: 1) reduces the relative cost of energy production from renewable sources and 2) improves overall energy efficiency. For the former, we assume an elasticity between broadband penetration and the share of energy provided by renewable energy such that a 1 percent increase in broadband penetration results in a 0.00185 percent increase in the share of total energy provided by renewable sources. The elasticity between the level of broadband penetration and overall energy demand is such that a 1 percent increase in broadband penetration decreases energy use by 0.08 percent.

4.4 [bookmark: _Toc326061527][bookmark: _Toc200095309] Conclusion
Do not underestimate the challenges in modeling the future of infrastructure. Previous efforts help us understand some of the building blocks of what we consider a comprehensive infrastructure forecasting system, namely representation of not only the demand for infrastructure, but also the ability to meet these demands and the socio-economic and environmental impacts of infrastructure building or of failure to do so. We are not aware of any previous attempt to model a fully integrated system and, in fact, most work has focused solely on the demand side, often with some attention to the funding potentially needed to meet those demands, so as to alert policy makers to that need.
 
We have built upon these past efforts to implement a dynamic, integrated infrastructure model within the broader IFs system. This allows us to provide a more complete picture of not only the desirable, but the likely future patterns of infrastructure development and its two-way interaction with broader socio-economic development. We recognize, of course, that any model, ours included, simplifies reality. We do not cover all forms of infrastructure and our representations of the demand for infrastructure, the budgeting process, the actual construction and maintenance of infrastructure, and the forward linkages of infrastructure are all subject to errors.
 
The role of infrastructure in development processes is, however, too important for us to let challenges deflect us from seeking to better understand its future. We therefore will move ahead in the next chapter to present a Base Case scenario of the availability of and access to infrastructure, as well as the associated costs. Chapter 6 will then consider the costs and benefits of more aggressive pursuit of infrastructure development than we will see in the Base Case. 




5. [bookmark: _Toc290550485][bookmark: _Toc199491233][bookmark: _Toc200095310]Infrastructure Development and Spending in the IFs Base Case

Contrast infrastructure in China and India.[footnoteRef:80] Although most comparisons favor china, not all do. India has created a road system with a total length of 3.3 million kilometers, compared to something closer to 2 million in China. The density of the Indian network relative to land area is more than 5 times that of China. More generally with respect to roads, however, there are some very large differences in character and momentum that favor China. In spite of its extensive network, a considerably greater percentage of Indians than of Chinese are more than 2 kilometers from an all-weather road. And in 2011 China added 11,000 kilometers of expressways, pushing its network up towards an anticipated 85,000 kilometers. India was much more slowly building its 3,633 kilometer-long Golden Quadrilateral system to link Delhi, Mumbai, Chennai, and Kolkata.  [80:  Comparative numbers come from IFs and from selected (not always completely reliable) public sources. Express roads from http://en.wikipedia.org/wiki/Expressways_of_China#cite_note-0; "India's Highway", National Geographic May 2012 at http://ngm.nationalgeographic.com/2008/10/india-highway/belt-text/2. Electricity from “China overtakes U.S. to become world’s biggest energy consumer,” Financial Times July 20, 2010: 1 and The Economist May 1, 2010: 72 (reporting on analysis by Edward Chen of Credit Suisse). High-speed rail from The Denver Post May 16, 2010: 2K, (reporting on data from UIC-International Union of Railways appearing in The Washington Post); and “Japan Inc. shoots itself in the foot on bullet train,” Financial Times July 9, 2010: 14. ] 


The recent story of Chinese infrastructure development is one of superlatives and not just with respect to highway construction or the well-known size of its dams and water-diversion projects. In 2010 it had 742 miles of high-speed railroad, already nearly half that of Japan, the world's leader, and had a stunning 5,612 miles under construction; even with setbacks associated with safety on the network, the strength of China in the likely future is clear. India has only created plans for development of its first high-speed lines. In another arena, we estimate that in 2012 China overtook the United States in electricity generation capacity to become the world's leader. Its capacity in that year was nearly 17 times that of 1980. Indian capacity was about one-fifth that of China and had grown approximately 6.5 times over the same period. More than 90 percent of citizens in both countries have access to improved water sources. But in India fewer than 50 percent have improved sanitation facilities, in contrast to over 80 percent in China. Mobile phone access is quite comparable in the two countries and, in fact, is rapidly approaching universal access in both. Clearly, however, the past trajectories of the two Asian giants have been quite different, as will be their infrastructure futures—and it is very unclear whether India will begin to close the gap.

What does the future of infrastructure look like in such countries and globally? How will the world’s road networks evolve? How much more electricity generating capacity will there be? How will peoples’ access to clean water and sanitation change over time? Will information and communications technologies continue to grow more and more pervasive? The Chinese and Indian examples suggest the challenge in answering such questions over the long run; 50 years ago the Indian railway system was a marvel of the developing world—and still is in many respects, if not in speed. Many might have argued that, as has proven the case in Cuba, Chinese infrastructure would languish and India's would prosper. We have every reason to believe, however, that countries do tend to follow generally comparable paths towards development of infrastructure over the long run, especially as their incomes rise. We would therefore expect that, as we try to answer these questions for countries around the world, the infrastructure gaps between the two Asian giants may begin to narrow at some point in our forecast horizon and, more generally, that low- and especially middle-income countries will become more like high-income ones. How rapidly might that happen? Will every country converge to a high level of infrastructure coverage or will some continue to lag behind?

Any pattern of convergence will depend on financing. So there is another critical question for us: how much will it cost to build, operate and maintain likely infrastructure development? The governments of the world today spend most of their resources in four general categories. In the global aggregate those numbers are 2.7 percent on defense, 5.4 percent on health, 3.9 percent on education, and 3.4 percent on infrastructure.[footnoteRef:81] Given their focus on catching up, it is not surprising that low-income and lower middle-income countries spend at a higher rate on infrastructure—we estimate about 5.6 percent of GDP in each of those two groupings, compared to only 2.6 percent in high-income countries.[footnoteRef:82] These are difficult rates to maintain, especially for developing countries. Mobilizing private spending on top of such public rates is also not simple. To what extent will financial constraints restrict the ability of countries to meet the demand for infrastructure? [81:  These are estimates from IFs, and there are many challenges with the data in each category. With respect to infrastructure, we estimate the total public and private spending to be about 4.2 percent of global GDP, of which approximately 80 percent is public (hence the 3.4 percent figure).
]  [82: We estimate that public and private infrastructure expenditures total about 9.3 percent of GDP in low- and lower middle-income countries, with about 60 percent of that being public (for a public spending level of 5.6 percent of GDP). Public and private infrastructure spending in high-income countries is about 2.9 percent, of which approximately 90 percent is public.] 


Our exploration of all these questions begins with a reference, or base case, scenario. The base case is a scenario portraying an internally consistent and reasonable dynamic evolution of current trends and typical patterns of development across countries. Unlike previous studies, which only estimate the demand for infrastructure, this study balances demand against the ability of countries to meet that demand given the resources available to them. Thus, the actual amount of infrastructure forecasted will reflect fiscal constraints. This will be important to remember when we compare our results later in the chapter against other studies that do not take this explicitly into consideration.

We are also obviously interested in how our forecasts compare to the formal and informal goals and targets that others have set with respect to infrastructure. Given their aspirational nature, it would surprise us if these were very often met in our base case. In Chapter 6, we present a scenario that pushes all countries to meet these goals and take a look at the broader developmental implications of doing so. 

We are able to present only a subset of the results from our base case in the body of this report. The tables at the rear of this volume provide more detailed information for the 183 countries included in the IFs system.

[bookmark: _Toc199491234][bookmark: _Toc200095311]5.1 Base case results
[bookmark: _Toc286330602][bookmark: _Toc200095312][bookmark: _Toc199491235]5.1.1	Introducing the IFs base case 
The IFs base case scenario is the output of the fully integrated IFs system. It is not a simple extrapolation of variables, but rather a dynamic, nonlinear depiction of the future given the structure of the model and our base case assumptions about model parameters. Because the IFs system includes multiple issue areas (see Chapter 4), infrastructure variables respond to changes in all areas of the model including demographics, economics, education, etc., and, in turn, recursively affect variables throughout the model. Among the most obvious consequences of this integration are that changes in infrastructure result in changes in population and gross domestic product (GDP)[footnoteRef:83], which can either accelerate or retard further changes in infrastructure outcomes via positive and negative feedbacks. [83:  Unlike many other models, population and GDP are forecasted endogenously in IFs; they are not introduced as exogenous assumptions.] 


The forecasts that IFs produces of key variables, such as population, GDP per capita, and educational attainment, are thus foundational underpinnings of its infrastructure forecasts. Hughes et al. (2009, 56–71) explored those forecasts, comparing them to other forecasts such as those of the United Nations Population Division (UNPD) and the International Monetary Fund. As a general rule, the IFs base case produces behavior that tends to be quite similar to medium variant or reference forecasts of such analyses (see also Hughes (2004) and Hughes and Hillebrand (2006)).

The current base year for IFs forecasts is 2010. To the extent that historical data exist, all variables are assigned actual values for that year. For other data, we estimate 2010 values based on either recent country-level data and trends or cross-sectional relationships as described in Chapter 4. All values for future years are forecasted by the model, so they may not match the most recent historical data exactly.

[bookmark: _Toc199491236][bookmark: _Toc200095313][bookmark: _Toc286330607]5.1.2	Total stocks of infrastructure
In Chapter 2, we reviewed how the total stock of infrastructure has grown in recent decades. We forecast this growth to continue over the next half century as the world strives to meet the needs of their existing and growing populations (Figure 5.1). At the same time, we do start to see some hint of leveling off closer to the end of this period as population growth slows[footnoteRef:84] and many countries reach levels of saturation in certain forms of infrastructure. [84:  The annual global population growth rate declines from 1.15% in 2010 to 0.24% in 2060 in the base case.] 


The most spectacular growth, particularly over the next decade, will almost certainly be in mobile and fixed broadband subscriptions (see Figure 5.1 inset), followed in terms of growth rates by the completion of rapid movement towards nearly universal mobile phone subscriptions. Meanwhile, while not completely disappearing, the number of fixed telephone lines gradually will fall as they are replaced by these newer technologies, continuing a pattern already seen today.

The base case anticipates steady but less dramatic growth in other more established forms of infrastructure. Total road length increases by 65 percent and paved road length more than doubles as an increasing share of roads are paved. Total electricity generating capacity increases by 150 percent and the number of households with electricity connections approximately doubles. Households with connections to water and sanitation both grow by 150 percent. The area equipped for irrigation only increases by around 15 percent, reflecting the inherent limitations imposed by water availability and land suitability. More generally, of course, such infrastructure development will not only be constrained by natural systems, but often be very disruptive to them.



Figure 5.1 Global growth in total stocks of infrastructure
Source: IFs v6.54

The bulk of this growth occurs in the developing world, continuing past trends. For example, in 1975 over 70 percent of the total global installed electricity generating capacity was in the high-income economies (Figure 5.2). This declined to just over 50 percent in 2010 and, in our base case, continues to fall to 30 percent by 2060. Starting in the 2030s, the upper-middle-income economies take the top spot. This is also when its share peaks, though, due to faster growth in the lower-middle and low-income economies. Regionally, the pattern is much the same, as increases in electricity generating capacity in East Asia and the Pacific and South Asia in particular come to account for a larger share of global capacity. By 2060, the two regions alone account for 42 percent of global capacity. Outside of the EAP and SA, sub-Saharan Africa sees its share of global capacity increase from 1.5 percent in 2010 to 8 percent in 2060, while the Middle East and North Africa, Latin America and the Caribbean and Europe and Central Asia see relatively little change in their shares (the ECA actually shows a decline from 8 percent to 6 percent between 2010 and 2060). We forecast similar dynamic patterns for the other forms of infrastructure. 

This pattern of more rapid growth in infrastructure in the developing economies reflects the more rapid population and economic growth forecast for these countries compared to the developed economies. Our base case forecasts for average annual growth rates in GDP per person (using PPP) over the period 2010-2060 are 3.8 percent, 3.4 percent, 2.6 percent, and 1.2 percent for the low-income, lower-middle-income, upper-middle-income, and high-income economies, respectively. For population, the absolute levels of growth over this period are 132 percent, 62 percent, 4 percent, and 8 percent for the low-income, lower-middle-income, upper-middle-income, and high-income economies, respectively. More rapid anticipated growth of infrastructure in developing countries obviously also reflects the much greater "head room" that they have to build out their infrastructure so as to meet the needs of subpopulations that currently have no access to electricity and other modern infrastructure and, as we will see, the greater proportion of GDP they devote to doing so.




Figure 5.2 Share of global installed electricity generating capacity
Source: IFs v6.54

[bookmark: _Toc199491237][bookmark: _Toc200095314]5.1.3	Access to infrastructure
The expected growth in total amount of infrastructure, while impressive and also significant from a resource use and environmental perspective, is of less interest from a social perspective. Of greater fundamental concern to us is the amount of infrastructure relative to each society’s need. As we have discussed, there are currently great disparities across countries in terms of access to infrastructure. How do these change in our base case?

Global access rates will increase as the growth in global infrastructure exceeds that of population. In spite of global population growth of over 40% between 2010 and 2060, we forecast that access to all forms of infrastructure will increase, with the exception of fixed telephones for reasons discussed earlier. The world will have achieved universal access[footnoteRef:85] for mobile telecommunications,[footnoteRef:86] and will approach universal access for access to electricity and improved sources of safe water (Table 5.1). There will still be some distance to cover for all-season roads, improved sanitation, and fixed broadband. [85:  In reality, of course, there will always be some humans without access to modern infrastructure, if only by choice. We define universal access for all infrastructure types except mobile telecommunications as 100 percent access, but consider 97.5 percent to be an effective threshold of universal access.]  [86:  Multiple subscriptions push the saturation or universal access level for mobile telephony up to about 150 subscriptions per 100 persons. In our base case scenario, Somalia is the only country not to reach 150 mobile phone subscriptions per 100 people in 2060. A few other countries like Myanmar, Eritrea, North Korea, and the Solomon Islands lag behind the rest for most of the 2010-2060 period, but manage to reach 150 by 2060.] 



	Table 5.1 Levels of infrastructure access for the world

	
	Unit
	Value in 2010
	Value in 2060

	All-season roads (rural)
	% of rural population
	72.2
	84.9

	Electricity (national)
	% of population
	79.2
	94.6

	Improved source of safe water
	% of population
	87.8
	96.1

	Improved sanitation
	% of population
	62.7
	86.1

	Fixed telephone lines
	per 100 persons
	17.3
	3.4

	Mobile phone subscriptions
	per 100 persons
	77.9
	*150

	Fixed broadband subscriptions
	per 100 persons
	7.7
	55.8

	Mobile broadband subscriptions
	per 100 persons
	13.0
	*150

	Source: IFs v6.54
* There remains debate about the level at which mobile and mobile broadband subscriptions will saturate. Multiple subscriptions push the saturation or universal access level for mobile telephony up to about 150 subscriptions per 100 persons; See Chapter 4 (including Figure 4.7) and footnote 7 of this chapter for further discussion of ICT saturation rates.



There will be a narrowing of the gap between rich and poor countries in access to all forms of infrastructure. Given the base case forecast of universal global access to mobile telecommunications, no gap between rich and poor countries will remain by the end of our scenario horizon (see Figure 5.3). With respect to access to electricity and improved sources of drinking water, the gap between middle-income and high-income countries will also likely disappear, leaving only low-income economies short of universal access. In contrast, universal access to improved sanitation will continue to elude all but the high-income-economies, even as there is significant convergence. 

[image: ]
Figure 5.3 Infrastructure access 2010-2060, by World Bank Income Groups
Source: IFs 6.54. Values for mobiles phones and mobile broadband have been scaled by 2/3 reflecting an assumed saturation level of 150 subscriptions per 100 persons.



There will be a significant reduction in the absolute number of people lacking access to basic infrastructure services, with those lacking access increasingly concentrated in low- and lower-middle-income countries. In our base case, the numbers of people lacking access to electricity, all-season roads, improved water, and improved sanitation fall between 2010 and 2060 by 500 million, 900 million, 1.2 billion, and 460 million, respectively, even as the global population increases by nearly 2.5 billion persons. Still, this leaves more than 1.3 billion people lacking access to improved sanitation, and on the order of half a billion without access to improved water, electricity, and an all-season road (Figure 5.4).

Those persons without access will be increasingly concentrated in the low-income and lower-middle income economies. This reflects both the remaining gaps in coverage in these countries, as well as their relatively larger population growth. In the mid-term (2010-2030), in fact, we see an increase in the absolute number of citizens without access to electricity and improved water and sanitation in the low-income-economies, before these numbers come down later in the period (again see Figure 5.4).

There will also remain important discrepancies in access within countries. The IFs model is limited in its ability to forecast access to specific groups within countries. We do, however, calculate separate values of access to electricity for urban and rural areas. These do not differ significantly in high- and upper-middle-income countries, where access in 2010 already exceeded 95 percent in both urban and rural areas. In lower-middle-income economies, however, while rates exceeded 90 percent in urban areas they were only around 55 percent in rural areas; in low-income economies these figures were just under 50 percent for urban areas and around 13 percent for rural areas. In our base case, we forecast access in the lower-middle-income economies to exceed 95 percent in both urban and rural areas by 2060, but these will only reach 89 percent in urban and 68 percent in rural areas of the low-income-economies.


Figure 5.4 Persons without access to basic infrastructure services, by World Bank Income Groups (millions)
Source: IFs 6.57

Regionally (see Figure 5.5), the largest numbers without access to electricity and improved water sources are now in South Asia, while most people without access to rural roads or sanitation are in Africa; one can see the impact of South Asia's greater population density in those comparisons. East Asia, if only by virtue of its huge population numbers (2 billion in 2012 versus 1.6 billion in South Asia and 0.9 billion in sub-Saharan Africa) also has a great many people without modern infrastructure, especially improved water and sanitation.

Progress with respect to all infrastructure forms is, however, likely to be more rapid in South Asia and East Asia than in sub-Saharan Africa. By 2060 we anticipate that well over half of those globally who lack access to all-weather roads, electricity, and improved water will live in sub-Saharan Africa, as well as the single largest regional number of those without improved sanitation. There will still be many in South Asia without access to all-weather roads and especially without access to improved sanitation. More than 150 million East Asians will also not have improved sanitation, but otherwise regional access will be mostly universal for all four infrastructure forms (and, of course, mobile services[footnoteRef:87]). [87:  In our base case, Somalia is the only country not to reach 150 mobile phone subscriptions per 100 people in 2060. It ends the period with 136. A few other countries like Myanmar, Eritrea, North Korea, and the Solomon Islands lag behind the rest for most of the 2010-2060 period, but manage to reach 150 by 2060] 



Figure 5.5 Persons without access to basic infrastructure services, by region (millions)
Source: IFs 6.57

[bookmark: _Toc199491238][bookmark: _Toc200095315]5.1.4	Spending on Infrastructure
In Chapter 2, we described the difficulty in finding comprehensive and comparable data on infrastructure spending. Following other studies, we estimate future spending for a number of specific types of infrastructure (those discussed throughout this chapter and the next) from the bottom-up, based upon our forecasts of physical infrastructure and using average unit costs for specific types of infrastructure (see Chapter 4). We do not try to spread out the spending on new construction over the life of individual projects, which is often many years, but rather attribute the spending to the year that the infrastructure is completed and "comes on line". We also use crude assumptions about the shares of spending that come from the public and private purses. Finally, we assume that the amount of infrastructure spending by the public sector on categories not included in our bottom-up estimates (including, for example, railroads, airports, and seaports) varies as a simple function of average income; we do not estimate any private spending for this "other" infrastructure. For these and other reasons, we encourage the reader to focus primarily on the patterns of behavior rather than the specific numbers in this section, even more so than is normally the case for interpreting forecasted data.

In our base case, global infrastructure spending over the next 50 years is nearly $190 trillion (in year 2000 constant dollars). Annual spending gradually increases from $2 trillion in 2010 to $5.6 trillion in 2060. Over time, the developing-country portion of that global total increases, rising from 50 percent in 2010 to 70 percent in 2060 (Figure 5.6), with the bulk of the developing-world share made up of spending in East Asia and the Pacific (which rises from 21 percent of global spending in 2010 to 23 percent in 2060) and South Asia (where spending rises from 7 percent to 17 percent of the global total). Sub-Saharan Africa becomes the third largest spender among developing regions as its spending on infrastructure balloons from a 2.5 percent global share in 2010 to an 11 percent share in 2060 (Figure 5.7).

If we look at infrastructure spending as a share of GDP, however, a different story emerges. Globally, infrastructure spending (that in our bottom-up categories both public and private plus other infrastructure spending) as a share of total world GDP falls from around 4.2 percent to 2.7 percent over this period. This decline occurs solely due to the slower overall growth in spending on our bottom-up categories relative to the growth in global GDP; our estimate of the share of GDP spent on other forms of infrastructure remains constant at around 1.8 percent of GDP. 

While this long-term decline in infrastructure spending as a share of GDP plays out across income groups (Figure 5.8), the patterns differ significantly for these groupings. There is a clear, temporally persistent, and strong inverse relationship between spending on infrastructure as a share of GDP and average income as measured by GDP per capita.[footnoteRef:88] Also, the low-income economies actually see a sharp rise in the first decade, peaking at over 20 percent prior to falling over the remainder of our horizon. Regionally (Figure 5.9), sub-Saharan Africa spends the greatest percentage of GDP throughout the time period, though its rate does fall by slightly more than half by the end of the horizon, while Latin America spends the least of any developing region, specifically 6 percent of GDP in 2010, falling to 3.8 percent in 2060. [88:  The Spearman’s rank correlation between average income and spending on infrastructure as a share of GDP starts at around 75% and gradually increases to 90% over a few decades, where it stays for the remainder of the horizon.] 


This decline in infrastructure spending as a share of GDP is in line with recent historical trends (see Chapter 2), but we cannot be certain it is for the same reasons. Given the state of the historical data, we are limited in what we can say about past spending. We can, however, explore in some depth what is driving this trend in future years in the model and make some judgment about the reasonableness of our results.


Figure 5.6 Infrastructure spending in billion $US2000, by World Bank Income Group
Note: Spending is total of public and private and of the infrastructure types detailed in the volume and our "other" category.
Source: IFs v6.57


Figure 5.7: Infrastructure spending in billion $US2000, by World Bank Region
Note: Spending is total of public and private and of the infrastructure types detailed in the volume and our "other" category.
Source: IFs v6.57


Figure 5.8 Infrastructure spending as a percentage of GDP, by World Bank Income Group 
Note: Spending is total of public and private and of the infrastructure types detailed in the volume and our "other" category.
Source: IFs v6.57


Figure 5.9 Infrastructure spending as a percentage of GDP by region
Note: Spending is total of public and private and of the infrastructure types detailed in the volume and our "other" category.
Source: IFs v6.57
We have seen to this point that public and private spending globally on infrastructure now constitutes about 4.2 percent of GDP, that spending tends to be a higher share of GDP in lower-income countries, and that spending rates are likely to decline over time in significant part because developing countries will increasingly close infrastructure gaps with richer ones and need to spend less. We have also seen the possible spending futures for different income categories of countries and different regions. 

Beneath that general picture, however, are other important likely developments in infrastructure spending. In elaborating the spending story of the IFs base case, we will focus on the share of global GDP that is now devoted to the specific infrastructure forms we treat in this volume (collectively now at 2.5 percent of GDP), not on the roughly 1.7 percent that we estimate is currently spent on "other infrastructure." 

Of the 2.5 percent of GDP that global public and private sectors now spend on roads, electricity, water and sanitation, and ICT, approximately two-thirds of the spending now falls into three categories: building and maintenance of electricity generation, roads (four-fifths of which is for paving), and mobile telephony, in that descending order (see Figure 5.10). These are the "big three" globally, although in the aggregate spending on water, sanitation, and wastewater treatment constitute another 0.16 percent of GDP (0.23 when one adds irrigation).
 
The pattern is dramatically different for low-income countries. There, public and private spending on mobile telephony is now about 3 percent of GDP by itself, likely at or near its peak rates, and poised to decline substantially by 2030 (to around 1 percent of GDP and then to continue falling) as the current rapid build-out winds down. In that low-income category of countries, spending on roads follows (about 2 percent) and then electricity generation and access (about 1.5 percent); electricity spending is increasing and that each category is likely to be near 2 percent of GDP in 2030 and lower, but still dominant in 2060. For those countries, spending on improved and household-connected water and sanitation is about another 1.2 percent of GDP—moreover, irrigation and waste-water treatment add another 0.5 percent of GDP to the more general watsan category, making it near comparable to building and paving roads.


Figure 5.10 Infrastructure spending as a percentage of GDP, by Income Group and type
Note: Spending is total of public and private. 
Source: IFs v6.57
Lower-middle income countries do not currently look dramatically different in their spending patterns from low-income countries (somewhat more on electricity, less on roads), but by 2030 we expect very considerable differences. Because of their much greater catch-up needs, spending rates of low-income countries will not likely decline in the same way that spending of both lower-middle and upper-middle income countries will. Both of these latter groupings of countries may in 2060 not look terribly different in total spending or the mix of it from high-income countries today. In short, the pattern of infrastructure spending across income-levels varies quite dramatically now and does in our forecasts with ongoing development; regional patterns will, of course, reflect that variation.

Of that same 2.5 percent of GDP that global public and private sectors now spend on the specific infrastructure types we forecast, the ratio of spending on new construction to that on maintenance is about 3-to-2 globally. As more and more countries build out their infrastructure, however, that balance will change. In fact, our base case suggests that the global balance will move to predominantly maintenance spending in about 2030. Not surprisingly, however, the ratio for low-income countries if now about 2 to 1 (and their high levels of spending on mobile telephony has about a 10-to-1 balance in favor of new construction). Rather than a shift to maintenance in the balance for these lower-income countries, we actually anticipate a surge of new construction spending on roads and electricity between now and 2030, with the subsequent decline of new construction expenditures as a portion of GDP bringing them towards maintenance spending levels only near the end of our forecast horizon.

And still again in reference to that 2.5 percent of GDP, the global ratio of public to private spending is now about 2 to 1. In spite of the importance of the issue and the heat it often generates in public debate, we make no assumptions in our forecasting about possible privatization (or re-nationalization) of infrastructure sectors. Hence the shift in spending across infrastructure types, to which we assign different public-private spending shares (see again Chapter 4), overwhelmingly determines the public-private balance in our forecasts. For the world as a whole, that 2-to-1 ratio remains quite stable, shifting just a bit toward the private side. In low-income countries, however, we have seen that total spending on mobile telephony spending is by far the biggest single category. Because we set the balance in mobile telephony at 90 percent private, and because spending in that sector declines over the forecast horizon, the public to private spending balance moves in low-income countries from now just over 1 to 1 now toward 2 to 1 by 2060. This is consistent with the broader pattern of convergence that we foresee across income categories and regions with respect to infrastructure access and spending patterns.

[bookmark: _Toc199491239][bookmark: _Toc200095316]5.1.5	Spending shortfalls

Although the overall pattern of infrastructure spending as percentage of GDP is forecast to decline through 2060 (see again Figure 5.10) as countries move towards universal access and demands for new infrastructure begin to saturate, we cannot interpret this as meaning that the demands for infrastructure spending in the base case are being met. In fact, many countries are being squeezed by their (in)ability to mobilize revenues, by competing demands for expenditures from education, health, and the military (some of which, especially health, tend to rise as a portion of GDP with development level), or by both. Chapter 4 described the approach we take to forecasting physical demand for infrastructure and associated spending demand, as well as discussing the approach we take to reconciling competing spending demands within the context of overall financial resources of governments and societies.[footnoteRef:89] Infrastructure spending shortfalls occur in the IFs model when countries demand more infrastructure than they can pay for in this reconciliation process.  [89:  In the perspective of economists, demand and supply are equal in markets that take into account behavior of consumers and producers and that establish an equilibrating price. One could conceptualize the provision of infrastructure as similarly identifying true demand and supply for it. Yet public provision is not a result of an economic market and reflects politically motivated choices concerning policy priorities and trade-offs with other public spending. Collective or public goods are almost always underprovided relative to assessments of optimality and even relative to preferences of members in the collectivity (Olson 1965). Hence, infrastructure provision almost certainly falls short of a more fundamental "actual" public demand for it, even if we have trouble estimating such demand.] 


We can consider a spending shortfall to be severe when the sum allocated to infrastructure spending ends up being more than 1 percent of the country’s total GDP below the funding demand in a single year. In the base case, 59 countries had spending shortfalls of at least 1 percent or more of GDP. Of the 59 countries, 25 were in sub-Saharan Africa (42 percent of the countries in that region). Europe and central Asia had eight countries with significant shortfalls. Interestingly, every region, including high-income countries, had at least two countries that experience significant shortfalls. When broken down by income level, lower-middle-income countries have the highest number of shortfalls (25), with low-income countries second (21). High-income countries, by comparison, had only two countries (Brunei and Trinidad) with shortfalls. At the most extreme end, 11 countries had shortfalls at some point in the forecasting horizon that were 5 percent or more of GDP and 7 countries had infrastructure shortfalls equal to 50 percent or more of their total infrastructure spending demand. Most of the countries with the greatest constraints were in sub-Saharan Africa, and they included Liberia, Tajikistan, Angola, Mozambique, Timor-Leste, Micronesia, Jamaica, and Haiti. 

[bookmark: _Toc199491240][bookmark: _Toc200095317]5.1.6	Falling short of targets
The rate of progress in the base case is not sufficient for many countries to meet most infrastructure-related targets. This is a result of several interacting phenomena, including the current poorly developed status of their infrastructure, levels of GDP per capita, and mobilization and usage of resources by governments. For example, the targets of the MDGs for increased access to improved water and sanitation by the year 2015 involved reducing the proportion of populations without such access by one-half. In our base case forecasts the MDG water target will be met at the global level[footnoteRef:90] and by all income groups but low-income economies (Table 5.2). These aggregates, however, hide the fact that more than half of all of the developing economies, including three quarters of the low-income-economies, will not meet the targets. In fact, regionally, sub-Saharan Africa and the Middle East and North Africa as a whole will not achieve the target. The situation for sanitation is even less sanguine, both in terms of the absolute levels of coverage and the achievement of the targets. The target is not met globally and among developing countries only the upper-middle-income countries are close. Three quarters of the developing economies and almost no low-income economies meet the country-level targets. In the aggregate no developing region will fully meet the goal. [90:  In fact, the WHO and UNICEF (2012) have announced that the global drinking water target had been met by 2010.] 



	Table 5.2 Achieving the MDGs for access to improved water and sanitation

	
	Water
	Sanitation

	
	Regional target 
	 Base case forecast
	% of countries meeting target
	Regional target 
	 Base case forecast
	% of countries meeting target

	Low-income
	77%
	65%
	24%
	61%
	40%
	9%

	Lower-middle-income
	86%
	88%
	48%
	66%
	52%
	24%

	Upper-middle-income
	88%
	94%
	55%
	78%
	73%
	31%

	High-income
	NA
	99%
	NA
	NA
	99%
	NA

	

	East Asia and the Pacific
	82%
	85%
	50%
	72%
	68%
	44%

	Europe and Central Asia
	93%
	94%
	47%
	93%
	90%
	24%

	Latin America and Caribbean 
	91%
	92%
	62%
	84%
	79%
	31%

	Middle East and North Africa
	91%
	87%
	33%
	88%
	85%
	31%

	South Asia
	84%
	87%
	63%
	70%

	58%
	25%

	Sub Saharan Africa
	77%
	70%
	27%
	63%

	35%
	4%

	High-income
	NA
	99%
	NA
	NA
	99%
	NA

	

	World
	87%
	85%
	44%*
	78%
	69%
	27%*

	Source: IFs v6.54
Note: Access to improved water covers both household connection and other improved access; Access to improved sanitation covers only household connection and not shared access.
* Excluding high-income economies



Moving beyond the now essentially obsolete time horizons of the MDGs, in Chapter 1 we reviewed a number of infrastructure-related targets that have been either formally adopted or proposed by the international community. Building upon this somewhat disparate set of articulated goals, we have created a set of targets that cut across infrastructure categories; Box 5.1 summarizes those.

Box 5.1 Infrastructure access targets
Looking for goals and targets related to infrastructure, we reviewed a wide range of sources in Chapter 1. Based on that review, we have identified a set of aspirational targets to explore in this and the next chapter. Although the Millennium Development Goals set a target date of 2015 for water and sanitation access improvement, and although the literatures on other infrastructure forms mention various other dates, we have set the common date for all targets in our analysis to be 2030. The targets are:

Transportation: reduce by one-half the portion of rural populations living beyond 2 kilometers of an all-season road (for which we used paved roads as a proxy) or raise the portion with access to at least 90 percent, whichever is achieved first. The reason that we do not target universal (100 percent) access for all-season roads is that the spread of populations across a country's entire land mass gives rise to increasing costs with the pursuit of every additional percentage point of access (see Chapter 4), often making attaining universality of access extraordinarily expensive (see Box 6.x) and therefore very unrealistic.

Energy: provide universal access to electricity and eliminate unventilated indoor use of solid fuels. Unlike all-season roads, which by definition require grid access, electricity (with generators and increasingly with distributed solar installations), water (with wells or transport of water) and sanitation (with cesspools) can be "off-grid", making the pursuit of truly universal access a more reasonable goal.

Water and Sanitation: provide universal access to improved sources of water and sanitation 

Information and Communications Technology: provide universal access to mobile phones and broadband, where following the approach of the International Telecommunications Union we define universal access for this goal as 150 subscriptions per 100 people. 

Measuring success: although universal targets mean 100 percent access (or 150 subscriptions per 100 for mobile broadband), in this chapter and the next we use a cutoff of 97.5 percent of true universality for the purposes of assessing whether a country or region has effectively met a target.

These longer-term and (mostly) universal targets, which we should emphasize had not been formally adopted at the time of the preparation of this volume, are even more aspirational than those set out in the MDGs. We have already seen (Figure 5.3) that universal access is not in our base case achieved for most forms of infrastructure by 2030, particularly outside of the high-income economies. Thus, although we do forecast an increase in the number of countries reaching the targets over time, it should not surprise us that most countries will not likely achieve these by the target date of 2030 (see Figure 5.11 for global income categories and Figure 5.12 for regions). By that year, fewer than half of all countries will likely achieve universal access—38 percent for electricity, 47 percent for all-season roads, 39 percent for water, 32 percent for sanitation, and 27 percent for mobile telecommunications.


Figure 5.11 Number of countries achieving infrastructure target levels by 2010, 2030, and 2060 by Income Group
Source: IFs v6.57

Even by 2060, only the target for mobile telecommunications is more or less globally achieved. For the other targets, many countries continue to fall short, with a clear pattern of greater achievement with income. China and India, for example, by 2060 reach almost all of the targets (all except sanitation in China, and roads and sanitation in India), while Eritrea, Cameroon and Burundi only manage to achieve the ICT goal (by comparison, China in 2010 had only achieved the electricity goal and India had not met any). 

We will explore these targets in more detail in the next chapter. It is clear from the results presented here that their achievement will require a significant acceleration of infrastructure development as compared to the base case. Would that be reasonable, however? The answer to this question goes beyond a consideration of whether they are feasible from a financial and technical standpoint. We must also look at the tradeoffs that would be required given that making additional funds available for accelerated infrastructure development will necessarily divert resources from other sectors such as health and education. Given spending shortfalls for many countries relative to funding demand even in the base case, we have already seen that this will be very challenging.


Figure 5.12 Number of countries achieving infrastructure target levels by 2010, 2030, and 2060 by region
Source: IFs v6.57

[bookmark: _Toc199491241][bookmark: _Toc200095318]5.2 Comparisons of the base case with other forecasts
Chapter 4 reviewed previous efforts to forecast infrastructure stocks, access, and spending. The majority of the studies looking specifically at infrastructure have forecasted the need for infrastructure stocks as a function of a small set of economic, structural, and demographic drivers using empirically estimated equations. The future values of the drivers were, in most cases, provided exogenously. The stock estimates were then combined with assumptions about unit costs to produce forecasts of spending needs. A few studies used larger, integrated structural models, but in these cases, infrastructure was not the primary focus and the infrastructure forecasts were just one output of many.

With the exception of Hughes, Chinowsky, and Strzepek (2009) (see the discussion later) and Kohli and Basil (2011), the infrastructure-specific studies had relatively short time horizons, the longest being 2020 (Bhattacharyay 2010). Also, a number of these only reported their spending forecasts, because that was their primary focus. Other studies, for example the 2011 World Energy Outlook (International Energy Agency (IEA) and Organisation for Economic Co-operation and Development (OECD) 2011), provide somewhat longer-term forecasts, to 2035, but only for electricity generating capacity and electricity access.

To provide some context for the forecasts from the IFs base case, we compare those with ones from these other studies. We are interested in differences in both the overall patterns and the magnitudes, with an eye toward understanding the reasons for them. The comparison proceeds in three steps: (1) consideration of the several forecasts that exist for electricity generation capacity and percentage of population with access to electricity (because electricity is the physical infrastructure type that has best long-term forecasting coverage by multiple sources); (2) comparison of IFs infrastructure spending forecasts with those from several projects, most of which tend to be shorter-term and narrower in geographic focus; definitional issues further complicate the comparisons; (3) more extended comparison of the physical and spending forecasts of Hughes, Chinowsky, and Strzepek (2009) with IFs, because that project has the most nearly comparable and extensive forecast coverage.

[bookmark: _Toc199491242][bookmark: _Toc200095319]5.2.1	Electricity generating capacity and access to electricity
The United States Energy Information Administration (2011) and the International Energy Agency (2011) produce international energy outlooks each year that include projections of electricity generating capacity.[footnoteRef:91] Figure 5.13 compares our forecasts against the most recent projections of these two groups, as well as those provided by Hughes, Chinowsky, and Strzepek (2009). Each of these studies forecasts steady growth in capacity over the next few decades. Our forecasts are quite close to those of the IEA for both the OECD and Non-OECD countries, while the U.S. EIA projects somewhat slower growth for both sets of countries. If we compare our results to those of Hughes, Chinowsky, and Strzepek (2009), which are significantly lower, we see that the primary reason for the difference in the forecasts for OECD countries is that they start with initially lower values (see the explanation in Box 5.2); the rates of growth are quite similar at approximately 0.9 percent per year from 2005 to 2050 in their case and 2010 to 2050 in ours. There is less of a difference in the early values of the two studies for the non-OECD countries, but the rate of growth they forecast is also much lower—approximately 2.3 percent per year from 2005 to 2050 vs. 3.3 percent per year in the IFs base case. [91:  In Infrastructure to 2030  the OECD directly used the projections from an earlier IEA reference scenario for their analysis of investment needs for electricity (Morgan 2006).] 



Figure 5.13 Comparison of forecasts of electricity generating capacity
Sources: World Energy Outlook 2011 (International Energy Agency (IEA) and Organisation for Economic Co-operation and Development (OECD) 2011), Hughes, Chinowsky, and Strzepek (2009), International Energy Outlook 2011 (U.S. Energy Information Administration (EIA) 2011), IFs v.6.54.
Note: IEO 2011 refers to forecasts from the U.S. Energy Information Administration’s International Energy Outlook 2011; WEO 2011 refers to forecasts from World Energy Outlook 2011 from the International Energy Agency and the Organisation for Economic Co-operation and Development.

Almost no studies provide forecasts of electricity access. The IEA (2011) does so, but only at a regional level and for a single year, 2030. Hughes, Chinowsky, and Strzepek (2009) provide country-level forecasts at five-year intervals to 2050. Since this is primarily of concern in the developing countries, we focus our comparison on those countries, using the IEA regional groupings.

At the global level, all three forecasts are very much in line (Table 5.3). The larger values for 2050 in the Hughes et al. study are almost entirely explained by their use of initially higher values. The three studies are also consistent in forecasting that, while access rates in Africa will grow considerably, they will continue to lag behind those in other regions, although Hughes et al is somewhat more optimistic about their progress.

	Table 5.3 Comparisons of forecasts of national electricity access

	
	Year

	
	2009
	2010
	2030
	2050

	IEA Developing Countries
	
	
	
	

	  IEA WEO2011 New Policies
	75
	
	84
	

	  Gordon Hughes
	
	79
	91
	97

	  IFs base case
	74
	75
	86
	92

	IEA Africa
	
	
	
	

	  IEA WEO2011 New Policies
	42
	
	58
	

	  Gordon Hughes
	
	47
	70
	91

	  IFs base case
	45
	42
	60
	78

	IEA Latin America
	
	
	
	

	  IEA WEO2011 New Policies
	93
	
	98
	

	  Gordon Hughes
	
	93
	98
	99

	  IFs base case
	93
	94
	97
	99

	IEA Middle East
	
	
	
	

	  IEA WEO2011 New Policies
	89
	
	98
	

	  Gordon Hughes
	
	98
	100
	100

	  IFs base case
	92
	93
	95
	97

	IEA Non-OECD Asia
	
	
	
	

	  IEA WEO2011 New Policies
	81
	
	91
	

	  Gordon Hughes
	
	86
	97
	99

	  IFs base case
	78
	80
	94
	98

	Sources: World Energy Outlook 2011 (International Energy Agency (IEA) and Organisation for Economic Co-operation and Development (OECD) 2011), Hughes, Chinowsky, and Strzepek (2009), IFs v.6.54.




[bookmark: _Toc199491243][bookmark: _Toc200095320]5.2.2	Infrastructure spending forecasts
Comparing forecasts of infrastructure spending is generally trickier than comparing forecasts of infrastructure stocks and access. First, forecasts of spending depend upon those forecasts of stocks and access, but also on assumptions about such factors as unit costs and depreciation rates (see Chapter 4). Second, the measures of stocks are more easily compared. A kilometer of paved road in one study is generally the same as a kilometer of road in another study. With spending estimates, however, even when they use the same currency, usually US dollars, they often use different base years. Third, it is not always clear what the estimates include: public spending, private spending, or both; new construction, replacement, or general operation and maintenance. The second of these problems can be partially addressed by comparing spending estimates in relative terms, e.g., as a percentage of GDP. We use that approach in the comparisons that follow. Understanding whether remaining observed differences are due to the first or third problems requires being able to find detailed information about the studies, which is not always provided in publications. That will make the comparisons below helpful, but not fully satisfactory.

Given these caveats, in the remainder of this section, we present a number of comparisons of our results against those of other studies. We start with studies that focus on the short-term and gradually move on to studies with a longer time horizon.

The African Infrastructure Country Diagnostic (AICD) project provided estimates across multiple infrastructure categories that cover 45 sub-Saharan African countries and are generally for reaching particular targets, not for business-as-usual or reference scenarios.[footnoteRef:92] Thus, we can expect their estimates to be quite a bit larger than those of our base case (and useful for comparison also with our analysis of target pursuit in Chapter 6). Table 5.4 confirms this for all sectors other than ICT. Part of the difference in ICT is due to our higher estimate of mobile phone penetration by 2015 (103 per 100 vs. 46 per 100); our estimates for fixed broadband are more consistent with theirs. Also of note is the fact that they include railways, ports, and airports in their transportation estimates. [92:  Sponsors of and participants in the extensive AICD project include the World Bank (implementer), the African Development Bank, the African Union, Agence Française de Développement, the European Union, the New Economic Partnership for Africa's Development, the Public-Private Infrastructure Advisory Facility, and the U.K. Department for International Development.] 


	Table 5.4 Comparing African infrastructure spending forecasts of the AICD and IFs (2006-2015) 

	
	Total
	WSS
	Energy
	ICT
	Transport

	
	AICD
	IFs
	AICD
	IFs
	AICD
	IFs
	AICD
	IFs
	AICD
	IFs

	Middle-income
	6.62%
	3.29%
	0.32%
	0.28%
	5.36%
	1.21%
	0.06%
	0.66%
	0.88%
	1.14%

	Oil exporting
	8.97%
	6.86%
	1.51%
	0.62%
	3.76%
	0.34%
	0.28%
	5.20%
	3.41%
	0.70%

	LIC-nonfragile
	21.40%
	14.14%
	3.61%
	0.82%
	10.36%
	0.55%
	0.76%
	11.77%
	6.67%
	1.01%

	LIC-fragile
	42.92%
	16.26%
	4.70%
	0.92%
	24.46%
	0.90%
	1.00%
	12.70%
	12.75%
	1.74%

	Africa
	11.69%
	7.94%
	1.57%
	0.58%
	6.65%
	0.74%
	0.30%
	5.61%
	3.17%
	1.00%

	Sources: AICD project via Briceño-Garmendia, Smits, and Foster (2008, 1) and IFs v6.51
Note: Infrastructure spending is shown as a percent of GDP; values from AICD are annual averages for the 2006-2015; values from IFs are for 2015; LIC is low-income country and fragile states are ......



Bhattacharyay (2010) estimated costs for the period 2010-2020 in four infrastructure sectors for four sub-regions of Asia and Asia as a whole. We duplicated his sub-regions in IFs (the only variation is that we do not have Kiribati in The Pacific). Table 5.5 presents the comparison of his results and those of IFs.

	Table 5.5 Comparing Asian infrastructure spending forecasts of Bhattacharyav and IFs (2010-2020)

	
	Total
	Electricity
	Transport
	Telecom
	WSS

	
	Bhat
	IFs
	Bhat
	IFs
	Bhat
	IFs
	Bhat
	IFs
	Bhat
	IFs

	Central Asia
	6.64%
	6.45%
	2.97%
	0.94%
	1.86%
	1.27%
	1.40%
	3.97%
	0.42%
	0.27%

	East and South East Asia
	5.54%
	3.89%
	3.22%
	1.81%
	1.61%
	0.65%
	0.53%
	1.14%
	0.17%
	0.29%

	South Asia
	11%
	5.89%
	3.03%
	0.95%
	5.55%
	0.86%
	2.02%
	3.75%
	0.39%
	0.33%

	The Pacific
	3.55%
	5.44%
	0%
	0.51%
	2.60%
	0.67%
	0.65%
	3.94%
	0.30%
	0.32%

	Total Asia
	6.52%
	4.33%
	3.17%
	1.61%
	2.30%
	0.72%
	0.82%
	1.71%
	0.22%
	0.29%

	Sources: Bhattacharyay (2010, 15) and IFs v6.51.
Note: Infrastructure spending is shown as a percent of GDP; values from Bhattacharyay are a 10-year average; values from IFs are from 2015 using a 10-year moving average.



Our results and those of Bhattacharyay do not seem wildly different. Part of the reason we have lower values for transport is that he also included airports, ports, and railways in his estimates. He also used a higher unit cost for paved roads. Our unit costs for electricity are similar, but we do have a somewhat higher depreciation rate (although we doubt that can fully explain our lower spending estimates). Our unit costs for fixed and mobile phones are a bit higher than his, and he imposes a cap on mobile phones at 90 per 100 persons; both differences help explain our higher forecasts. Our unit costs for water and sanitation are similar, and the spending estimates of the two studies are most comparable in this category.

Volume 1 of the OECD’s Infrastructure to 2030 study (Stevens, Schieb, and Andrieu 2006, 29) provides forecasts of decadal average infrastructure spending for various types of infrastructure at the global level. These are compared to our base case results in Table 5.6.

	Table 5.6 Comparing global infrastructure spending forecasts of the OECD and IFs (to 2030)

	
	2010-20
	2020-30

	
	OECD
	IFs
	OECD
	IFs

	Road
	0.32
	0.511
	0.29
	0.517

	Telecoms1
	0.85
	1.355
	0.17
	1.093

	Electricity2
	0.24
	0.74
	0.24
	0.617

	Water1, 3
	1.01
	0.207
	1.03
	0.182

	Sources: Stevens, Schieb, and Andrieu (2006, 29) and IFs v6.51.
1. OECD: Estimates apply to the years 2015 and 2025.
2. OECD: Transmission and distribution only.
3. OECD: Only OECD countries, Russia, China, India and Brazil are considered here.
Note: Infrastructure spending is shown as a percent of GDP; values from the OECD are 10-year period averages; values from IFs are from 2015 and 2025 using a 10-year moving average of annual forecasts.



Again there are important differences in costing of infrastructure that help to explain the differences between forecasts of the two projects. A few of those are: 1) their figures for electricity do not include the actual construction of generating plants, 2) their figures for water appear to include expenses related to water quality, which we do not consider, 3) in their roads forecast, they force a certain level of convergence (pp.226-7).

Kohli and Basil (2011) provide infrastructure cost estimates for 21 Latin America countries for the period 2011-2040. Figure 5.14 compares the cost estimates in their Business as Usual scenario to our base case, by sector, using only those types of infrastructure that appear in both studies.



Figure 5.14 Comparing infrastructure spending forecasts of Kohli and Basil and IFs for Latin America and the Caribbean (2010-2040)
Sources: Kohli and Basil (2011, various pages) and IFs v6.57.
Note: Infrastructure spending is shown as a percent of GDP; 

The results are quite comparable for water and sanitation and ICT, especially when we consider that we use higher unit cost values for water and sanitation (e.g. $300-600 per connection for water vs. $101) and ICT (e.g., $500-$1000 per broadband subscriber vs. $40). We use lower unit costs for electricity generating capacity ($1-2K per kilowatt vs. $4K), which explains part of the magnitude difference, but not the difference in the shape of the curves. We also use a lower unit cost for roads ($150K-400K per kilometer vs. $895K), but that does not seem to help with either the magnitude or shape differences. They did not provide estimates of the changes in physical infrastructure in their paper, so we cannot compare these as an aid to explaining the differences in spending forecasts. 

[bookmark: _Toc199491244][bookmark: _Toc200095321]5.2.3	Hughes, Chinowsky, and Strzepek forecasts
The forecasts of Hughes, Chinowsky, and Strzepek (2009), like those of IFs, cover countries around the world, look across multiple infrastructure categories, extend through 2050, and treat both physical expansion of infrastructure and spending on it. They therefore provide a very important basis for comparison, and Gordon Hughes was extraordinarily generous in providing the detail of those forecasts to us (referred to below as HCS forecasts). As in IFs, the HCS infrastructure forecasts are responsive to population and GDP forecasts. The two sets of population forecasts are quite similar, although IFs anticipates a global population in 2050 of 9,337 million, somewhat higher than the 9,181 million of HCS.[footnoteRef:93] As Table 5.7 shows, the GDP forecasts differ more.[footnoteRef:94] Based on recent data that includes both the strong economic performance of emerging countries in the first decade of the century and the global recession after 2008, IFs anticipates less growth than do HCS in high-income countries and more in low-income countries, especially sub-Saharan Africa. These differences do, of course, affect our respective infrastructure forecasts. [93:  Both sets of population forecasts have ties to the median variant of the UN Population Division. The HCS analysis used median variant forecasts from the 2006 Revision of the UN; we used data from the 2010 Revision, but IFs generates its own forecasts based on those data (generally quite close to the median variant). The 2010 Revision had generally higher forecasts than did the 2006 and 2008 Revisions, especially for Africa.]  [94:  The HCS analysis uses GDP per capita forecasts that average those of five integrated assessment models (Hughes, Chinowsky andStrzepek 2009: 8); IFs produces its own forecasts.] 


	Table 5.7 Comparison of HCS and IFs GDP per capita (PPP) forecasts

	GDP Per Capita PPP
	2010
	2050

	(Thousands $2005)
	HCS
	IFs
	HCS
	IFs

	Low-income countries
	1.03
	1.06
	2.30
	3.84

	Lower-middle-income countries
	2.94
	3.29
	8.92
	11.00

	Upper-middle-income countries
	7.56
	8.71
	24.68
	23.97

	High-income countries
	34.85
	33.44
	64.76
	45.79

	 
	
	
	
	

	East Asia and the Pacific
	4.96
	6.04
	19.53
	21.29

	Europe and Central Asia
	9.92
	10.65
	28.26
	18.78

	Latin America and the Caribbean
	9.20
	10.08
	21.38
	17.82

	Middle East and North Africa
	6.09
	6.38
	13.08
	10.64

	South Asia
	2.49
	2.91
	8.74
	11.99

	Sub-Saharan Africa
	1.78
	1.99
	3.15
	5.77

	 
	
	
	
	

	World
	9.42
	9.94
	19.67
	17.87

	Sources: Hughes, Chinowsky, and Strzepek (2009); IFs version.6.57
Note: GDP per capita is in thousands of 2005 dollars



The focus of Hughes, Chinowsky, and Strzepek (2009) was on the potential economic costs of climate change on infrastructure. Their primary emphasis was on the differences in infrastucture costs between scenarios with and without climate change (we use their "no climate change scenario" for comparisons here), rather than on the absolute amount of infrastructure stocks, access, or costs within any single scenario. Therefore they did not force the initial levels of stocks and access to mach historical data exactly, but rather used the same equations to calculate initial values as they used for their forecasts. For this reason their initial values will often differ from those in the IFs base case. In our comparisons we therefore emphasize the future values relative to those of 2010, rather than looking at the absolute values.

Chapter 2 surveyed the patterns of historical growth in infrastructure. For instance, it noted that paved roads grew globally at an annual rate of 2.6 percent between 1975 and 2008. Even with that growth, the portion of roads paved in both Latin America and the Caribbean and in sub-Saharan Africa reached only about 20 percent (see again Figure 2.2) and the roads per capita of all developing regions remained far below the levels of high-income countries. Thus there is much "head room" for continued growth, and IFs forecasts anticipate a 2 percent annual growth globally through 2050 (compared to 1 percent by HCS). IFs anticipates a 6-fold increase of paved roads in low-income countries; that jump is twice the one anticipated by HCS, with much of the difference explained by our higher economic forecasts. We also expect faster growth of paved roads in middle-income countries. Overall, the differences across a full 40-year period are significant, but are understandable. 

The same is true for the number of household electricity connections (see Figure 5.14). There the differences between the two sets of infrastructure forecasts are even more clearly related to the differences in the economic forecasts. IFs foresees greater extension of connections for both low-income and lower-middle income countries, and somewhat less extension for upper-middle and high-income countries.


Figure 5.15 Comparing electricity connection forecasts of HCS with IFs by Income Group
Sources: Hughes, Chinowsky, and Strzepek (2009); IFs version 6.57
Note: Comparisons are Base 1 in 2010; that is, both sets of forecasts are compared with their own values in 2010.

Turning to water and sanitation (see Table 5.8), the two sets of forecasts for growth in household water connections by income group are very similar to each other, considerably more so than with respect to paved roads or electricity. The IFs forecasts for low-income countries and for lower-middle income countries are slightly higher than those of HCS. Our values for upper-middle income countries are lower, but that is not surprising because our data show a household connection rate of more than 75 percent for that grouping already. In contrast, the HCS forecasts of household connections to safe sanitation are quite a lot higher than those of IFs for low-income and middle-income countries. In fact, HCS anticipated that connections for South Asia will increase by a factor of more than 19, while the IFs forecast is only a factor of 4. This is not surprising given that we show a household connection rate of about 39 percent for the region already in 2010. 

	Table 5.8 Comparison of HCS and IFs water and sanitation forecasts 

	 
	Water 
	Sanitation

	 
	Household connections
	Household connections

	 
	2050
	2050

	 
	HCS
	IFs
	HCS
	IFs

	Low-income countries
	8.31
	10.53
	9.57
	4.82

	Lower-middle-income countries
	5.05
	5.55
	7.59
	3.63

	Upper-middle-income countries
	2.62
	1.73
	2.93
	1.69

	High-income countries
	1.45
	1.17
	1.50
	1.12

	 
	 
	 
	 
	 

	East Asia and the Pacific
	3.87
	2.19
	4.38
	1.88

	Europe and Central Asia
	1.53
	1.37
	1.76
	1.25

	Latin America and the Caribbean
	2.11
	1.88
	2.33
	1.96

	Middle East and North Africa
	2.62
	2.33
	3.16
	2.31

	South Asia
	7.58
	7.17
	19.20
	4.11

	Sub-Saharan Africa
	6.46
	10.48
	6.58
	6.72

	 
	 
	 
	 
	 

	World
	2.62
	2.49
	2.60
	2.21

	Sources: Hughes, Chinowsky, and Strzepek (2009); IFs version.6.57 
Note: Comparisons are of household connections to safe water and improved sanitation.



HCS did not provide forecasts for mobile phones or mobile broadband but did for fixed telephone lines. Our forecasts are quite strikingly different in this area because the two projects make different assumptions about technological transitions. As we indicated earlier, we anticipate that most regions are near or beyond their peak penetration rates for fixed telephone lines as mobile penetration rates rise sharply. As Figure 5.15 shows, we anticipate growth of fixed lines only in low-income countries (mostly, in fact, in sub-Saharan Africa and in South Asia), with declines in other income categories. 



Figure 5.16 Comparing fixed phone line forecasts of HCS with IFs by Income Group
Sources: Hughes, Chinowsky, and Strzepek (2009); IFs version.6.57
Note: Comparisons are Base 1 in 2010; that is, both sets of forecasts are compared with their own values in 2010.

Moving to spending on infrastructure, both the HCS and IFs projects anticipate a decline in global infrastructure spending as a portion of GDP by 2050 (see Figure 5.16). The IFs value of global spending (public and private) in 2010 for the specified categories is 2.4 percent of GDP, compared with 1.5 percent in the HCS analysis; for comparisons here, however, we again look at changes over time relative to the values in 2010. 

In contrast to the rather smoothly downward sloping trends of spending in the HCS forecasts, those of IFs show a near-term "bubble" of expenditures as a portion of GDP for sub-Saharan Africa and, to a considerably lesser degree for Latin American and the Caribbean. IFs also suggests small near-term rises relative to the downward trends for other developing regions. What accounts for such bubbles? The explanations vary by region. In the case of Latin America, spending on paved roads as a portion of GDP more than doubles by 2020-2025 (that for the Middle East and North Africa goes up by more than 50 percent); the paved road percentage in Latin America now is not much higher than in the much lower-income sub-Saharan Africa. Although the spending rate on road paving also increases in sub-Saharan Africa, for that region it is the portion of GDP directed to electricity that doubles over roughly the same period. And, as discussed earlier in this chapter, we also expect a bubble of spending on mobile telephony in that region as the rapid build-out continues. Finally, for household water connections, it is in South Asia that we expect a bubble of spending. 


Figure 5.17 Comparing total infrastructure spending forecasts of HCS with IFs by region
Sources: Hughes, Chinowsky, and Strzepek (2009); IFs version.6.57
Note: Comparisons are Base 1 in 2010; that is, both sets of forecasts are compared with their own values in 2010. Spending is compared in terms of percentage of GDP.

[bookmark: _Toc199491245][bookmark: _Toc200095322]5.2.4	Summary of forecast comparisons 
The comparisons of IFs forecasts with those of several relatively short-horizon projects for electric generating capacity and electricity access showed very similar patterns of expected growth. Not surprisingly, differences are greater for developing countries than for high-income ones. Such differences have many roots, including our greater uncertainties about economic growth of developing countries and the complications around forecasting attention of them to infrastructure. With respect to spending on infrastructure, the forecasts made by IFs and other studies differ more significantly. Yet, especially when considering sometimes very different specifications of the infrastructure analyzed, of the unit costs, and presumably but not always explicitly of underlying physical system growth, the differences are generally reasonable. 
Given our long time horizon, it was especially useful that we were able to compare in some depth the temporal dynamics of our forecasts with those of Hughes, Chinowsky, and Strzepek (2009). One reason this is important is that our forecasts of infrastructure development anticipate progressive saturation of that development as countries become richer and complete build-out of systems. That also leads us generally to anticipate both lower shares of GDP directed to infrastructure in higher-income countries at any given point in time than in lower-income ones and decreasing shares of GDP spent within most countries over time (there can be bubbles of spending as a share of GDP for low-income countries as they accelerate the build-out process. The comparison with the HCS project forecasts confirmed some of these same patterns, both at the physical and financial levels. 

[bookmark: _Toc199491246][bookmark: _Toc200095323]5.3 Exploring Key Uncertainties

[bookmark: _Toc199491247][bookmark: _Toc200095324]5.3.1	Cost assumptions

[bookmark: _Toc199491248][bookmark: _Toc200095325]5.3.2	MFP assumptions

[bookmark: _Toc199491249][bookmark: _Toc200095326]5.4 Conclusions
Our base case forecast indicates that, over the next half century, we can expect countries to increase their stocks of infrastructure as well as rates of access to infrastructure services, even as populations grow. Still, significant numbers of people will continue to lack access to basic infrastructure services. In 2060, around a half billion will not have access to electricity or an improved source of drinking water; 1.5 billion will not have access to improved sanitation; and 2 billion rural residents will not live within two kilometers of an all-weather road. The vast majority of these people will be in low-income and lower-middle-income countries in sub-Saharan Africa and elsewhere. Needless to say, most countries will not achieve the targets of universal, or near-universal, access to these services by 2030, and many will not achieve that even by 2060.

One reason for the lack of greater infrastructure growth in our base case scenario is that for many countries the model does not generate the demand for it. That is, of course, partly a reflection of demand equations that reflect historical patterns of relationship between actual infrastructure development and the underlying drivers of it such as population and income size. There may be, at some deeper level, a fundamental demand that the equations do not capture. What individuals, after all, would not want all-weather roads, electricity, household connections to water and sanitation, and high-quality information and communications technology?

The reality is, of course, that both private and public spending on infrastructure are also constrained by alternative demands on limited budgets. Private purses are devoted also to food, shelter, and other needs and wants. Public purses must also support other public services such as health, education, and defense. Many governments find it impossible to meet even the constrained infrastructure demand of our forecasting functions.
 
These realities and base case forecasting results raise obvious questions about the infrastructure targets discussed in the literature and summarized in Box 5.1. Are they achievable? What are the benefits and costs of achieving them? If greater spending would provide benefits (ideally larger than the costs), what assistance would governments need from other investors—public and private, domestic and international—in order to realize these benefits, and is this likely to be forthcoming? We explore these questions in our next chapter.























6. [bookmark: _Toc199925071][bookmark: _Toc200095327]Achieving Infrastructure Goals and Targets
Brazil and Chad are both developing countries—the World Bank classifies Brazil as upper-middle income and Chad as low-income. In addition to their officially shared membership in the developing world, there are certainly many other similarities, including the facts that they both rank among the least densely populated countries of the globe and both produce important quantities of oil.

It is, however, the differences between the countries that clearly strike most observers. The two countries sit on different continents and have extremely different topography and climate. Brazil has the ninth longest coastline of all countries, while Chad is land-locked. The population of Brazil is nearly 20 times that of Chad. And the GDP per capita (at PPP) of Brazil in 2010 was nearly 10 times that of Chad ($8,900 versus just under $1,000).

Less well known perhaps are the differences in infrastructure of the two countries. In 2010, fifty-seven percent of rural Brazilians lived within 2 kilometers of an all-season road and only 10 percent of those in Chad did. Ninety-eight percent of the population of Brazil had access to electricity and we estimate the number in Chad to have been 5 percent.[footnoteRef:95] With respect to safe water, 98 percent in Brazil had access to an improved source but only in 51 percent did in Chad; for sanitation the numbers were 80 percent and 19 percent, respectively. Even with respect to mobile phones the differences were striking—104 subscribers per 100 people versus 23 per hundred. [95:  The value for Chad is an estimate based on 2004 data from Legros et al (2009, 67). The latest electricity access database from the IEA no longer includes Chad.] 


Given such differences, it may be somewhat surprising that only one of the goals for infrastructure that Chapter 1discussed and that Chapter 5 collected into a set for our analysis (see again Box 5.1) distinguishes in any way between the two countries in terms of statements concerning targets for infrastructure in 2030. All of the goals stated in terms of universal access distinguish in no way. The goal for rural access to all-season roads, closing half of the gap up to 90 percent makes a distinction. Yet achieving it by 2030 would require Brazil to move from 57 percent to 73 percent (an increment of 16 percent or somewhat less than one fourth), while it would require Chad to move from 10 percent to 50 percent, a quintupling of its current level.

In this chapter we consider the ability of such incredibly disparate countries to meet the infrastructure targets that we have collected and adapted into a common set from multiple sources. We saw already in Chapter 5 that many countries will almost certainly not meet them in a scenario representing the path we seem to be on, namely our Base case scenario. In this chapter we will begin with a brief recap of those likely failures and the reasons for them. Then we will turn to a Universal Target scenario in order to consider whether a big developmental push would potentially lead most or even all countries to achieve the targets, and what the costs and benefits of such efforts would be. Given the distance that Chad and a significant number of other countries are from the targets, however, it is quite obvious that many are unlikely to succeed at an acceptable cost (at least without significant external assistance, and we will consider that also). We therefore will then turn to exploration of alternative targeting approaches that might, for at least some of the less developed countries of the world, point to aggressive but reasonable paths for infrastructure development (Hughes 2012).[footnoteRef:96] [96:  Across this volume series on Patterns of Potential Human Progress we have attempted to identify "aggressive but reasonable" development paths, as a supplement to universal, one-size-fits-all goal setting (see Hughes 2012 for a summary review of the efforts in all series volumes). Universal goals can be very inspirational and can therefore help motivate a range of national and international actors to undertake important developmental initiatives. They can also, however, be unrealistic for many countries (especially in sub-Saharan Africa and South Asia) and doom them to failure.] 


[bookmark: _Toc199925072][bookmark: _Toc200095328]6.1 Missing Global Targets in the Base Case
Let us remind ourselves how much countries and regions would need to improve their access relative to the base case in order to meet the universal targets (again, Box 5.1 introduced those and Box 6.1 provides important additional information on the target for rural road access). At the global level in 2030 in the base case, access to improved water comes closest to the universal target at 92 percent, with access to electricity and ICT[footnoteRef:97] not far behind at 88 percent, and access to sanitation and all-season roads lagging at under 75 percent (Table 6.1). These reflect different rates of progress over the period 2010 to 2030, however. Whereas access to ICT moved over 85 percent of the way to universal access over this period, access to all-season roads covered only 10 percent of this distance. The equivalent rates of progress for electricity, water, and sanitation were 42, 32, and 28 percent, respectively. [97:  Please recall that we are assuming 150 subscriptions per 100 persons represents universal access for mobile broadband and mobile phones.] 


Box 6.1 The cost of rural access to all-season roads
 
The reader may wonder why the only target that the analysis of this volume has not expressed in terms of universal access is the one for rural access to all-season roads. Beyond the fact that a truly universal target for rural access has not to our knowledge been proposed, a further explanation is that the amount of additional roadway required to expand the road grid to additional people in a country rises quite sharply with each percentage point of rural access attained, particularly as the access rate moves above 90 percent. Even without an increasing cost per unit of road, this still translates into an increasing marginal cost of access. In contrast, we have not modeled such increasing marginal costs for electricity, where generators and increasingly distributed solar can provide power, or for water and sanitation, where wells, water transport, and cesspools can provide distributed services.
 
Because of the increasing marginal costs, attempting to reach universal rural access within two kilometers to an all-season road would lead to quite outrageous additional infrastructure spending needs. Specifically, we have found that it would require on the order of 8.5 trillion dollars more than is spent in the base case on roads to meet such a target globally. Clearly, universal rural road access is an unreasonable target and therefore we use the target laid out in Roberts, KC, and Rastogi (2006, A–25 to A–26) to cut by half "the proportion of rural population living beyond 2 km of an all-season road" to a maximum of 90 percent.

	Table 6.1 Access rates for targeted infrastructure in base case, 2010 and 2030

	
	All-season roads
	Electricity
	Water
	Sanitation
	Mobile BB

	
	2010
	2030
	2010
	2030
	2010
	2030
	2010
	2030
	2010
	2030

	By income class

	Low-income economies
	39
	46
	24
	43
	66
	71
	37
	48
	1
	121

	Lower-middle-income economies
	69
	76
	68
	91
	87
	93
	47
	66
	3
	134

	Upper-middle-income economies
	89
	93
	97
	99
	93
	97
	73
	85
	8
	125

	High-income economies
	93
	97
	98
	98
	99
	99
	99
	97
	57
	149

	By region 

	East Asia and Pacific
	91
	94
	91
	96
	90
	96
	66
	81
	3
	121

	Europe and Central Asia
	79
	85
	87
	92
	95
	98
	84
	88
	31
	137

	Latin America and the Caribbean
	61
	71
	94
	97
	94
	96
	80
	85
	6
	124

	Middle East and North Africa
	62
	73
	94
	95
	88
	93
	88
	90
	2
	127

	South Asia
	65
	73
	64
	91
	90
	96
	39
	62
	0
	141

	Sub-Saharan Africa
	41
	47
	29
	51
	61
	70
	30
	45
	3
	122

	High-income countries
	93
	97
	98
	98
	99
	99
	99
	97
	57
	149

	

	World
	71
	74
	78
	87
	88
	92
	64
	74
	13
	131

	Source: IFs v6.57



The additional development required generally increases as we move from the High- to the Low-income economies, but the size of the challenge becomes most apparent when we look at individual countries (Table 6.2). Chad and Madagascar stand out in ranking among the 10 countries with the largest gaps to overcome in almost all infrastructure categories. Chad would need to provide access to an additional 82, 85, 41, and 75 percent of their population in 2030 compared to the base case to achieve universal access to all-season roads, electricity, water, and sanitation, respectively. For Madagascar, these numbers are 73, 40, 43, and 80 percent. Combine this with the fact that both of these countries, like many, had at least one year in which they were unable to meet the demand for infrastructure even in the base case, and we may question the viability of the universal targets.

	Table 6.2 Countries with largest gaps to fill for targeted infrastructure

	Country and access rate in 2030 in base case

	Roads
	Electricity
	Water
	Sanitation
	ICT

	Chad
	18
	Burundi
	6
	Somalia
	54
	Niger
	19
	Somalia
	39

	Burundi
	24
	Chad
	15
	Madagascar
	57
	Togo
	20
	Myanmar
	44

	Mali
	24
	Central AfR
	16
	Ethiopia
	57
	Madagascar
	20
	Eritrea
	60

	Togo
	27
	Comoros
	18
	Papua NG
	58
	Haiti
	21
	Korea North
	73

	Madagascar
	27
	GuineaBiss
	19
	Chad
	59
	Eritrea
	23
	Solomon Islands
	81

	Guinea
	28
	Malawi
	20
	Niger
	59
	Chad
	25
	Madagascar
	83

	Cameroon
	29
	Niger
	21
	Haiti
	60
	GuineaBiss
	25
	St. Vincent and the Grenadines
	86

	Yemen
	31
	Somalia
	21
	Afghanistan
	61
	Burkina Faso
	27
	Sao Tome and Principe
	87

	Congo, Democratic Republic of
	32
	Burkina Faso
	22
	Mozambique
	62
	Benin
	28
	St. Lucia
	87

	Eritrea
	32
	Rwanda
	22
	Congo, Democratic Republic of
	63
	SierraLeo
	29
	Malawi
	90

	Source: IFs v6.57, 23 May 2012



Why are many countries likely to fail to meet infrastructure targets given our current paths? Some reasons could simply be artifacts of our modeling and forecasting. For instance:

· Conservatism in the model’s demand equations: In Chapter 4, we cautioned the reader about the proper interpretation of our infrastructure demand equations. These are based upon historical levels of infrastructure, which reflect both the actual underlying demand for infrastructure and the ability to provide this infrastructure. To the extent that the historical levels were limited by financial constraints, then the equations underestimate these "actual" demands.[footnoteRef:98] In our Base case, we saw that some countries face larger financial constraints in the future than in the past, i.e., it was not possible to meet even the level of demand estimated in that Base case. For other countries, this did not occur, which could imply a relaxation of the financial constraints compared to the historical period. Without being able to specify the actual demand, however, we had no basis upon which to estimate the amount of increase in the provision of infrastructure. Thus, our Base case forecasts of infrastructure and access may be biased downward and away from targets for these countries. [98:  Footnote x in Chapter 5 discussed the terminological issues around demand and supply; economists conceptualize these as always equal in market clearing situations; political economists often distinguish between some more fundamental "actual" or optimal demand and supply in social systems involving political decisions.] 


· Fixed assumptions related to ODA, FDI, and private sector contributions to infrastructure: The base case assumes that the official development assistance, foreign direct investment, and the contribution of the domestic private sector to infrastructure spending follow historical patterns in their relationship to public spending. It is possible that these relationships are also conservative, although we believe them not to be. 

Other reasons for missing targets in the base case could, however, be related to constraints that countries may have fundamental difficulties overcoming:

· Insufficient public resources in light of competing priorities: We can and will in this chapter eliminate the potential conservatism seen in the base case by tying the infrastructure demands directly to the universal targets. This does not guarantee, however, that the targets will be met. Public spending for infrastructure, which finances a significant portion of infrastructure development (see Figures 5.7-5.10), must compete with public spending on security, education, health, etc. Even if these other expenditures were to be reduced to a bare minimum, countries may not have adequate funds to achieve the infrastructure targets. They may also face other resource constraints, e.g., from government's resource mobilization capability and the society's economic strength.

· Insufficient benefits to achieving the targets to justify the costs. Chapter 3 reviewed a number of the potential positive and negative effects of infrastructure. Achieving the targets would certainly bring increased benefits, but at the same time their pursuit would have direct and indirect costs. Potential direct costs include the financial costs of increased spending on infrastructure, but also the social and environmental costs associated with the increased infrastructure footprint. Indirect costs include the loss of potential benefits as a result of diverting funds from other expenditures to infrastructure. Because of the complexity of the systems involved, policy makers could not be certain beforehand what the net effect of achieving the infrastructure targets would be, and it is at least feasible that some might believe, rightly or wrongly it in their best interest not to pursue them. In fact, that analysis of net benefits is one of the aims of this chapter.

The rest of this chapter explores a number of these issues by comparing a small set of alternative scenarios against our base case scenario. In an initial scenario, the Universal Targets scenario, we modify the demand equations for those forms of infrastructure with targets as discussed in Box 5.1.[footnoteRef:99] For access to electricity, improved water and sanitation, and information and communications, these are for universal access by the year 2030. For access to all-season roads, the target is to reduce by half the share of the rural population that does not live within 2 kilometers of an all-season road. Furthermore, because our analysis of the limited historical data on access to all-season roads showed that the amount of roads required to increase access at the highest levels increased at an unreasonable rate, we set a cap of 90 percent access as a maximum target. Otherwise, the assumptions of the scenario are identical to those of the base case. For forms of infrastructure without targets, we continue to use the standard demand functions. [footnoteRef:100] [99:  We also calculate the demands using the standard demand functions. If these are ahead of the target path, we use those on the assumption that countries will only adjust demand if they are behind the target path.]  [100:  Because of the integrated nature of IFs, however, pursuing targets for some forms of infrastructure does lead to some generally small changes in demand for and provision of other forms as well.] 


The effort to achieve universal access is unlikely to succeed in many countries because of financial constraints even after diverting resources from other sectors. As already noted, there is also the possibility that pursuing these infrastructure targets may not be in the best interest of all countries in that the negative impacts of diverting resources from other investments that also contribute to development will be greater than the benefits of the additional infrastructure. Therefore after exploring this initial scenario, we consider if there might not be an alternative set of still aggressive, but more reasonable targets that should guide infrastructure development into the future.

[bookmark: _Toc199925073][bookmark: _Toc200095329]6.2 A Universal Targets Scenario
[bookmark: _Toc199925074][bookmark: _Toc200095330]6.2.1	Changes in access and target achievement
The pursuit of the universal targets does increase access to the targeted infrastructures compared to the base case, but other than for ICT, it does not achieve universal access (Figure 6.1). Global access to the other targeted infrastructure ranges from just under 80 percent for rural roads to over 95 percent for improved water, with access to electricity and improved sanitation a bit above 90 percent. These represent a narrowing of the gaps between 2010 levels and the universal targets by 64, 64, 70, and 70 percent for roads, electricity, water, and sanitation, respectively. The base case narrowed the gaps for those infrastructure forms by only 21, 42, 32, and 28 percent, respectively (86 percent for ICT).


Figure 6.1 Global access to targeted infrastructure in 2010 and 2030 in base case and Universal Targets scenario
Source: IFs v6.57 
Note: Road access is the percentage of rural population living within 2 km. of an all-season road; electricity, improved water, and improved sanitation are the percentages of total population with access to the respective infrastructure; ICT is subscriptions per 150 persons scaled to 0-100. Axes range from 0 in the center to 100.

There is a clear relationship between income and improved access, whether this is measured by the level of access (Figure 6.2, panel 1) or the number of countries that do not meet the specified targets (Table 6.3). Very few high- and upper-middle-income countries fail to meet the targets, while more than half of the lower-middle-income and nearly all of the low-income countries fail to do so. On a regional basis (Figure 6.2, panel 2), sub-Saharan Africa stands out with significantly lower levels of access and relatively few countries achieving the targets. In sharp contrast, access rates to all forms of targeted infrastructure approach universality in East Asia and the Pacific. Although South Asia also falls somewhat short of reaching the targets, it is clearly sub-Saharan Africa that brings down the global averages and that simply does not have the resources that allow most of the continent's countries to reach universal targets.























Figure 6.2 Access to targeted infrastructure in 2030 in Universal Targets scenario, by WB region and Income Group
Source: IFs v6.57 
Note: Road access is the percentage of rural population living within 2 km. of an all-season road; electricity, improved water, and improved sanitation are the percentages of total population with access to the respective infrastructure; ICT is subscriptions per 150 persons scaled to 0-100. Axes range from 0 in the center to 100.





	Table 6.3 Number of countries falling short of target levels in 2030

	
	Total # of countries
	Roads 
	Electricity 
	Water
	Sanitation
	ICT

	By income class

	Low-income 
	35
	33
	34
	30
	34
	0

	Lower-middle-income
	52
	16
	19
	11
	22
	0

	Upper-middle-income
	47
	0
	1
	1
	8
	0

	High-income
	49
	0
	1
	0
	4
	0

	By region

	East Asia and Pacific
	19
	2
	7
	2
	7
	0

	Europe and Central Asia
	22
	3
	3
	2
	5
	0

	Latin America and the Caribbean
	27
	4
	3
	3
	6
	0

	Middle East and North Africa
	13
	2
	2
	2
	4
	0

	South Asia
	8
	4
	4
	2
	5
	0

	Sub-Saharan Africa
	45
	34
	35
	31
	37
	0

	High-income countries
	49
	0
	7
	0
	4
	0

	

	World
	183
	49
	55
	42
	68
	0

	Source: IFs v6.57 23 May 2012
Note: A country is defined as falling short of the target level if it is more than 2.5 percent from the target level.



We can translate these increases into the absolute number of additional persons with access to infrastructure (Figure 6.3). The largest gains are in access to mobile broadband and improved sanitation, with increases of more than 1.6 and 1.2 billion persons, respectively. There were fewer persons without access to electricity and improved water in the Base case, so the increases in persons with access in the Universal Targets scenario are somewhat less. As for rural roads, the smaller number is primarily due to the fact that only the rural population is considered.


Figure 6.3 Additional population with access to targeted infrastructure in 2030 in the Universal Targets scenario versus the base case, by region and Income Class
Source: IFs v6.57
Note: the global population in 2030 is approximately 40 million persons larger in the Universal Targets scenario than in the Base case.
[bookmark: _Toc199925075][bookmark: _Toc200095331]6.2.2	The economic benefits and costs of pursuing universal targets
We begin our analysis with a look at the economic differences between the base case and the Universal Targets scenario. The global public funding devoted to infrastructure in the Universal Targets scenario compared to the base case increases immediately, eventually growing to more than $300 billion annually around the target year of 2030 (Figure 6.4). This is followed by a short-term drop as a number of countries achieve the targets, and then a continued rise as other countries continue to try to reach the targets and all countries need to spend more in order to maintain the additional infrastructure they have compared to the base case. The cumulative additional spending is 3.6 trillion dollars between 2010 and 2030 and a further 9.6 trillion dollars between 2030 and 2060, amounts which represent increases of 8 and 9 percent over the spending in the base case for these periods.

If we measure this incremental spending as a percentage of global GDP, the same pattern is followed up until the target year, with a peak value of around 0.4 percent of GDP. After the target year, though, the additional spending is increasingly outweighed by additional economic activity, so the increment as a percentage of GDP falls in the later years.


Figure 6.4 Annual additional global spending on infrastructure in the Universal Targets scenario compared to the base case
Source: IFs v6.57

These global numbers mask significant differences across regions and countries. Figure 6.5 compares the annual additional spending on infrastructure as a percentage of their GDP in the Universal Targets scenario for four African countries: Botswana, Tanzania, Kenya, and Guinea. All of these countries achieve the ICT target by 2030. Botswana is also able to achieve the other targets by 2030; Tanzania does so around 2040; Kenya around 2050; and Mauritania is unable to do so even by the end of our horizon. There is an immediate increase in the amount allocated to infrastructure in each country as they start to pursue the targets, but this differs from a little over 1 percent of GDP in Botswana to more than 4 percent in Tanzania, reflecting a number of factors including how far they start from the targets and the size of their initial GDP. Botswana is able to bring this back down fairly quickly as it progresses towards and achieves the targets. Tanzania maintains it additional spending until around the time it also achieves the targets. Kenya actually has to allocate even more funds in later years, but also sees a sharp drop once it achieves the targets. Mauritania experiences some fluctuations, but generally maintains and even increases its extra spending throughout the horizon as it continues to work to meet the targets. The variation in incremental spending of countries over time reflects many factors, including their changing ability to mobilize revenues, which in turn is influenced by factors such as trade patterns that drive the economic health of countries; remember, IFs is a highly integrated modeling system


Figure 6.5 Annual additional spending on infrastructure as a percentage of GDP in the Universal Targets scenario compared to the base case for selected countries
Source: IFs v6.57

The hope is, of course, that these monetary costs are more than compensated for by economic gains. Since these accrue over different time frames, i.e. the costs tend to occur before the benefits, Table 6.4 compares the cumulative additional public funds allocated to infrastructure against the changes in GDP, discounted back to the year 2010. If we adopt a time horizon out to 2030, all of the income groups except the Low-income economies experience net monetary benefits from the additional investments in infrastructure in the Universal Targets scenario, with the benefit-cost ratio increasing as we move from the low- to the high-income economies. A number of the developing regions do not break even. The Middle East and North Africa, Europe and Central Asia, and sub-Saharan Africa have benefit-cost ratio of 0.1, 0.5, and 0.7, respectively. Meanwhile East Asia and the Pacific benefits substantially, with a benefit-cost ratio approaching 3. Even though the world as a whole experiences a net benefit, further analysis shows that only about 40 percent of all countries do so using the 2030 time horizon. With a longer time-horizon, i.e. to 2060, this rises to 90 percent of all countries, and all income groups and regions see net benefits. Furthermore, these grow significantly as the increases in GDP increasingly outpace the costs over time.




	Table 6.4 Cumulative additional spending on infrastructure and GDP, Universal Targets scenario relative to base case

	
	2030 Time Horizon
	2060 Time Horizon

	
	Incremental funds
	Incremental GDP
	GDP/
funds
	Incremental funds
	Incremental GDP
	GDP/
funds

	Low-income 
	276
	219
	0.8
	1,204
	7,170
	6.0

	Lower-middle-income
	1,234
	1,379
	1.1
	2,576
	35,712
	13.9

	Upper-middle-income
	1,009
	1,685
	1.7
	1,806
	15,405
	8.5

	High-income
	157
	1,322
	8.4
	228
	2,852
	12.5

	

	East Asia and Pacific
	372
	1,061
	2.8
	639
	9,658
	15.1

	Europe and Central Asia
	222
	107
	0.5
	306
	1,348
	4.4

	Latin America and the Caribbean
	535
	656
	1.2
	1,148
	6,413
	5.6

	Middle East and North Africa
	280
	38
	0.1
	370
	871
	2.4

	South Asia
	652
	1,102
	1.7
	1,539
	28,500
	18.5

	Sub-Saharan Africa
	458
	318
	0.7
	1,586
	11,498
	7.2

	High-income countries
	157
	1,322
	8.4
	228
	2,852
	12.5

	

	World
	2,675
	4,605
	1.7
	5,814
	61,139
	10.5

	Source: IFs v6.57, 23 May 2012
Note: Both funds and GDP are in billions in 2000 dollars, discounted by 3 percent per year.



6.2.3 [bookmark: _Toc199925076][bookmark: _Toc200095332]The social benefits and costs of pursuing universal targets
The analysis of the monetary benefits and costs of pursuing the universal targets, while useful, is quite narrow. Chapter 3 discussed a broad range of potential benefits from improved access to infrastructure, including improved health, greater educational attainment, reduced inequality, and improvements in overall economic productivity. A number of other factors influence each of these, however, and the push to improve infrastructure has a complex set of impacts, both positive and negative. We have seen some of the positive impact with respect to economic growth. On the negative side, public spending on infrastructure may divert public funds from other sectors, such as education and health. Those in turn affect economic growth, but the human impacts are critical in and of themselves, and the diversion of funding could be quite detrimental. Therefore, the broader net benefits for a society of the additional infrastructure in the Universal Targets scenario will also depend on how these change.

The degree to which public spending is diverted from other sectors to infrastructure is determined by the amount of additional public spending on infrastructure, adjusted for any changes in total public spending. The cumulative additional global public spending from 2010 to 2030 is greater than 2.5 trillion dollars (about two thirds of the 3.6 trillion total public and private additional spending noted earlier). . Total public spending increases by a little over 1 trillion dollars over this period, however, mostly because of faster economic growth in the Universal Targets scenario. This leaves approximately 1.5 trillion dollars that must come to infrastructure from other public spending sectors. Although these diversions, as a percentage of the spending in the base case are fairly minor, 0.3 to 1.7 percent of GDP depending upon the sector, at the global level, they are significantly larger for some income groupings and regions (Table 6.5). The largest diversions, in percentage terms, occur in the Lower-middle-income economies, but they are also significant in the Low-income economies. Meanwhile, there is almost no shift in spending in the High-income economies.

	Table 6.5 Public funds diverted from other sectors 2010-2030

	
	Reduced spending compared to base case
(billion $)
	Diversions by sector
(Percent reduction from base case)

	
	
	Military
	Health
	Education
	R&D
	Other

	By income class

	Low-income economies
	164
	13%
	36%
	16%
	37%
	43%

	Lower-middle-income economies
	964
	20%
	20%
	5%
	19%
	16%

	Upper-middle-income economies
	506
	1%
	2%
	-0.1%*
	1%
	5%

	High-income economies
	-150*
	-0.2%*
	-0.1%*
	-0.2%*
	-0.1%*
	-0.1%*

	By region

	East Asia and Pacific
	12
	0.2%
	0.2%
	-1%*
	-0.4%*
	2%

	Europe and Central Asia
	198
	5%
	7%
	2%
	5%
	9%

	Latin America and the Caribbean
	358
	5%
	5%
	-0.1%*
	6%
	7%

	Middle East and North Africa
	282
	19%
	13%
	5%
	13%
	11%

	South Asia
	452
	18%
	16%
	4%
	18%
	23%

	Sub-Saharan Africa
	335
	28%
	21%
	10%
	11%
	15%

	High-income countries
	-150*
	-0.2%*
	-0.1%*
	-0.2%*
	-0.1%*
	-0.1%*

	

	World
	1,489
	1.7%
	0.9%
	0.3%
	0.8%
	1.3%

	*Total public expenditures increased over this period in most countries in the Universal Targets scenario compared to the Base case, allowing for a net increase in expenditures in some other sectors even as infrastructure spending increased.



We explore the net effects of the diversion of these funds from other sectors vis-à-vis the additional infrastructure by comparing levels of human development in the base case and the Universal Targets scenarios using the United Nations Development Programme’s Human Development Index (HDI). The HDI is defined as the geometric mean of three dimensions—health (measured by life expectancy at birth), knowledge (measured by mean years of schooling for adults aged 25 and older and expected years of schooling for elementary school entrants), and a decent standard of living (measured by the log of gross national income per capita so as to represent the saturating contribution of income to human development).[footnoteRef:101] The index aggregates the three dimensions and scales the results to provide a value ranging from 0 to 1. [101:  Ul Haq (1995), with input from Amartya Sen, developed the HDI. Fukuda-Parr (2003) helped explain and extend its use. The United Nations Development Program's Human Development Report Office (UNDP 2010) significantly revised the inputs to it and moved to the geometric mean formulation in 2010.] 


Figure 6.6 presents the changes for the Low-income economies in HDI and its components from the base case to the Universal Targets scenario. The temporal patterns of changes in the components across scenarios differ significantly. The most immediate effect of the pursuit of the universal targets is a decline in the expected years of schooling as greater infrastructure spending diverts public funds from this sector. With a lag, this causes a decline in the level of educational attainment, which only begins to recover towards the end of our horizon. Meanwhile, the diversion of public funds from the health sector is more than made up for by the health benefits of infrastructure. These include reductions in diseases associated with a lack of access to improved water and sanitation, e.g. diarrheal diseases, and the use of solid fuels in the home, e.g. pneumonia (see also Figure 6.7 for the related improvements in infant mortality and malnutrition). Finally, there is little impact on average income to start, but over time this grows significantly. The additional $1,300 in in GDP per capita in 2060 represents an increase of more than 20 percent over the base case for that year.


Figure 6.6 Changes in HDI and its components between the base case and Universal Targets scenario, Low-income economies
Source: IFs v6.57
Note: Values are ratio changes; that is, 1.2 represents a 20 percent increase relative to the base case and -0.4 represents a 40 percent decrease.


Figure 6.7 Declines in malnourishment and infant mortality in 2030 between the base case and the Universal Targets scenario
Source: IFs v6.57

Taken together, all of these changes result in fairly minor changes in HDI, little more than 0.01 points on a scale of 0 to 1. Still, the temporal pattern is of interest. After a period of net negative impacts on HDI for the Low-income economies due to the pursuit of the universal targets, the situation turns around as benefits from the additional infrastructure accrue. Around 2030 the net reduction in HDI that the Universal Targets scenario causes relative to the base case disappears, and from that point on the net advantage of pursuing the universal targets continues to grow.

Most countries follow this same pattern of initial declines in HDI relative to the base case followed by net gains over time. If we characterize the date when the change in HDI moves back into positive territory as the social payback point for the increased investments in infrastructure, we find that this differs widely across countries (see Figure 6.8). A large majority of the countries that have very near-term short social payback points are High- and Upper-middle-income economies. The general pattern for these groups is for the number of countries reaching the payback point to decrease over time. The latest payback point for the High-income economies is around 2025 and, with the exception of one country, the latest payback point for the Upper-middle-income economies is around 2040. For the Lower-middle- and Low-income economies, however, the distribution is more uniform, with both groups including significant numbers of countries that only achieve social payback late in the horizon, if ever.


Figure 6.8 Social payback points for increased investments in infrastructure for the Universal Targets scenario, by Income Group
Source: IFs v6.57
Note: the social payback point is defined as the year in which the HDI for the country first exceeds the value in the base case.

Table 6.6 summarizes the countries with the largest changes in HDI in the Universal Targets scenario compared to the base case. The vast majority of both the “winners” and the “losers” are Low- and Lower-middle-income economies from sub-Saharan Africa, highlighting the importance of country-level differences in deciding on whether the pursuit of the universal targets, in the absence of increased outside assistance, is or is not a wise choice.

	[bookmark: _Toc325817316][bookmark: _Toc199925077]Table 6.6 Countries with largest changes in HDI in Universal Targets scenario compared to the base case in 2060

	"Losers"
	"Winners"

	Country
	change in HDI
	Country
	change in HDI

	Rwanda
	-0.0409
	Somalia
	0.08561

	Gambia
	-0.0350
	Afghanistan
	0.05229

	Senegal
	-0.0298
	Sierra Leone
	0.05056

	Eritrea
	-0.0202
	Pakistan
	0.04373

	Guinea
	-0.0201
	Tanzania
	0.03726

	Cote d'Ivoire
	-0.0131
	Lesotho
	0.02986

	Mali
	-0.0108
	Swaziland
	0.02909

	Malawi
	-0.0089
	Nigeria
	0.02829

	Guinea Bissau
	-0.0074
	Solomon Islands
	0.02807

	Comoros
	-0.0054
	Namibia
	0.02655

	Source: IFs v6.57 23 May 2012



[bookmark: _Toc200095333]6.3 What Would it Cost to Achieve the Universal Targets?
The results in the previous section raise obvious questions about the desirability for many countries, especially in the short-run, of pursuing universal targets. We cannot expect a country to attempt to achieve universal access to infrastructure if the benefits of doing so do not exceed the costs for a long period of time, if ever. Moreover, we have found that many countries simply cannot reasonably mobilize the resources to reach universal targets by 2030, even if they redirect large sums of money from other public spending (a global total that we calculated above to be $1.5 trillion dollars).

Given the significant attention in the development literature and development community to recommendations for significant investments in infrastructure and even, in fact, for reaching universal targets, our analysis to this point thus suggests that many countries, especially low-income ones, would need significant external assistance to reach such targets. They would need both (1) assistance to cover some or all of the sums our Universal Targets pursuit scenario diverted from other public spending (that $1.5 trillion) because they could not afford the negative interim consequences of such diversion and (2) assistance to fill the remainder of the gap in public spending between that scenario and true achievement of universal targets. 

What would the level of this additional assistance be, i.e., how much more would it cost to achieve the universal targets by 2030 beyond what countries spend in the Universal Targets pursuit scenario? How does such an amount compare to existing sources of external funding such as Official Development Assistance (ODA) and Foreign Direct Investment (FDI). And what might be the benefits?

In order to address these questions we created a scenario variant called Universal Targets with Additional Funding (UTAF). We find that UTAF requires an additional $5.6 trillion, beyond the Universal Targets pursuit scenario to actually achieve universal targets. Table 6.7 shows how this increment breaks down across income category groupings of countries as well as by region. It further shows how these dollar amounts compare to the cumulative GDP and public spending on infrastructure over the period 2010-2030 in the Universal Targets scenario. Remember that this sum is on top of the $1.5 trillion that countries already redirect to infrastructure in the Universal Targets pursuit scenario and that many countries could also not afford. Because some countries, especially high-income ones would, in fact, be able to afford that redirection and would achieve quick payback from it, we will focus here only on the further increment to achieve universality of access.

That $5.6 trillion is equivalent to approximately 0.5 percent of the cumulative global GDP and 32 percent of the cumulative global public spending on infrastructure over the period 2010-2030 in the Universal Targets scenario. While an additional 0.5 percent of GDP at the global level may not appear to be too much at the global level, there are large variations across regions and countries with respect to this additional public funding for infrastructure (see again Table 6.5). The Low-income economies as a group would be looking for funds that are equivalent to more than 20 percent of their total GDP over this period, which would allow them to increase their public spending on infrastructure by three and a half times what they were able to do on their own.

Some of these numbers become even more striking if we look at individual countries. For 71 countries, the additional spending represents less than one tenth of one percent of their GDP over this period. At the other extreme, for 7 countries—Niger, Eritrea, Mali, Madagascar, the Democratic Republic of the Congo, Mauritania, and Burundi—the additional funding is more than their entire GDP over this period. These countries, along with the Central African Republic, Chad, and Togo, would require additional funds that are more than ten times what they were able to allocate in the Universal Targets scenario.

	Table 6.7 Additional public funds required to achieve universal targets for infrastructure 2010-2030

	
	Billion $
	% of GDP
	% of funds spent

	By income class

	Low-income economies
	2,558
	20.8%
	356%

	Lower-middle-income economies
	1,950
	1.9%
	44%

	Upper-middle-income economies
	426
	0.1%
	5%

	High-income economies
	692
	0.1%
	15%

	By region

	East Asia and Pacific
	339
	0.2%
	7%

	Europe and Central Asia
	181
	0.5%
	13%

	Latin America and the Caribbean
	233
	0.3%
	12%

	Middle East and North Africa
	233
	1.1%
	23%

	South Asia
	1,322
	2.2%
	53%

	Sub-Saharan Africa
	2,626
	12.2%
	215%

	High-income countries
	692
	0.1%
	15%

	

	World
	5,626
	0.5%
	32.2%

	Source: IFs v6.57 23 May 2012
Note: All values are cumulative for the years 2010-2030. % of GDP calculated by dividing additional funds by cumulative GDP in the Universal Targets scenario. % of public funds spent calculated by dividing additional funds by cumulative amount of public funds spent in the Universal Targets scenario. The latter expenditures do not include the other infrastructure category discussed earlier.



A majority of this $5.6 trillion dollars, just under 70 percent, is for roads (Table 6.8). This is due, in part, to the increasing marginal costs of improving road access (see again Box 6.1). Electricity accounts for another 24 percent and almost all of the remaining by water and sanitation. Again, there are variations across regions and within individual countries. What is consistent, though, is that roads and electricity make up the largest shares by far, and very little additional funds are needed for ICT.

	Table 6.8 Sectoral breakdown of additional public funds required to achieve universal targets for infrastructure 2010-2030

	
	Road
	Electricity
	Water
	ICT

	By income class

	Low-income economies
	83%
	13%
	4%
	1%

	Lower-middle-income economies
	63%
	26%
	9%
	2%

	Upper-middle-income economies
	50%
	40%
	8%
	2%

	High-income economies
	38%
	54%
	7%
	1%

	By region

	East Asia and Pacific
	43%
	43%
	11%
	2%

	Europe and Central Asia
	54%
	38%
	7%
	2%

	Latin America and the Caribbean
	69%
	24%
	6%
	1%

	Middle East and North Africa
	75%
	19%
	5%
	1%

	South Asia
	57%
	29%
	12%
	2%

	Sub-Saharan Africa
	85%
	12%
	3%
	0%

	High-income countries
	38%
	54%
	7%
	1%

	

	World
	68%
	24%
	6%
	1%

	Source: IFs v6.57 23 May 2012
Note: These figures include the additional spending related to types of infrastructure that do not have targets, but also increase in the UTAF scenario due to the forward effects of achieving the targets. 



Turning back to the original question, our $5.6 trillion estimate of the additional public funds at the global level that would be required to achieve the universal targets, above and beyond those spent in the Universal Targets scenario, is a conservative estimate because it does not include any of the redirected expenditures of the Universal Targets scenario, and we have emphasized that many countries could not afford the other costs of such diversion. To put even this $5.6 trillion in perspective, we estimate total ODA and FDI over the period 2010-2030 to be around 1.8 trillion dollars and a bit under 30 trillion dollars, respectively. Thus, ODA would need to quadruple over this period or FDI would need to increase by around 25 percent in order to meet the additional needs for public funding in order to achieve the universal targets.

Of course, we should consider the benefits that this additional funding might bring. For example, what would the full additional $3 trillion dollars mean for sub-Saharan Africa (were external assistance to cover both the $335 billion of redirected infrastructure spending between the base case and the Universal Target pursuit scenario as well as the $2,6 trillion additional increment between that and the UTAF scenario)? Figure 6.9 shows that the region would see immediate benefits in terms of HDI, rather than a long period of waiting for the benefits of the additional infrastructure to outweigh the costs. Furthermore, the magnitude of the increased HDI compared to the base case would continue to far outpace that in the Universal Targets scenario without additional funds. Underlying this difference are, among other things, a 10 percent increase in average income and a nearly 30 percent reduction in the infant mortality rate in 2030 relative to the base case.


Figure 6.9 HDI relative to the Base case in the Universal Targets scenario and in a scenario with all necessary funds to meet universal targets, sub-Saharan Africa
Source: IFs v6.57 23 May 2012

In spite of such theoretically possible benefits from attainment of universal access globally or in especially impacted regions such as sub-Saharan Africa, it is highly improbable that the prospects of the benefits will stimulate the additional ODA or FDI. Therefore, in the next section we ask if it might not make sense for the international community and individual countries to consider alternative targets.

[bookmark: _Toc325882429][bookmark: _Toc199925078][bookmark: _Toc200095334]6.4 Alternatives to Universal Targets
The Universal Targets scenario shows that there can be significant net costs in the short-, and for some countries, the long-term in pursuing the extremely aggressive universal infrastructure-related targets being discussed at present. Furthermore, it is questionable if the additional assistance that would be required from other sources to allow all countries to meet these targets (the UTAF scenario) would manifest itself. What might be more reasonable alternatives if countries wish to move beyond the development of infrastructure seen in the base case, but not necessarily aim for achieving universal access by 2030 in all forms of infrastructure?
[bookmark: _Toc325891573][bookmark: _Toc325891760][bookmark: _Toc325895852][bookmark: _Toc325896008][bookmark: _Toc325896348][bookmark: _Toc325891574][bookmark: _Toc325891761][bookmark: _Toc325895853][bookmark: _Toc325896009][bookmark: _Toc325896349][bookmark: _Toc199925079][bookmark: _Toc200095335][bookmark: _Toc313793775][bookmark: _Toc287263528][bookmark: _Toc287263551]6.4.1	Defining alternative targets 
There are a number of possible ways in which the international community and countries could tailor infrastructure targets to better suit the needs of individual countries, including those as different as Brazil and Chad. Any of these would involve some combination of the following:

· Adjusting the target date
· Adjusting the targeted level of access
· Prioritizing different categories of infrastructure

With IFs, we can explore a range of scenarios built using these different possibilities. Box 6.2 describes one approach we use for adjusting the targeted level of access, which takes into account a country’s general level of development.

Box 6.2 Adjusting targeted levels of access taking into account countries’ general level of development
The historical levels of infrastructure and infrastructure access in a country are highly, but not completely, correlated with other indicators of development. In Chapter 4, we described the derivation of the equations we use to forecast future levels of infrastructure and access, highlighting the key driving variables, e.g., average income, in each case. The actual historical performance for individual countries varies around the expected value given the historical levels of the driving variables, with some countries performing better and some worse. One measure of this cross-country variation is the standard error of the regression line used to specify the forecasting equation.

We can interpret positive deviations, i.e., cases where countries perform better than would be expected given the level of their driving variables, as indications of better than average practices in these countries, and vice versa for negative deviations. In our base case, we generally assume that these unexplained deviations gradually fade away over time.[footnoteRef:102] In IFs, we can modify both the rate at which these deviations converge, as well as the level to which they converge. In this chapter, we include two such scenarios—one in which all countries strive to have levels of infrastructure access that are at least as high as expected given their level of development, and one in which they try to improve access to a level that is at least one standard error above expected (this level relative to a function is roughly comparable to one standard deviation relative to a mean). [102:  The time horizon over which this occurs varies across different parts of the model. See Chapter 4 for more details.] 


With 183 countries, multiple types of infrastructure, and a 50-year time horizon, there is an almost infinite range of scenarios we could explore. In order to simplify matters, we have chosen to focus on the set described in Table 6.9. The first four focus on specific categories of infrastructure; the All 2050 scenario extends the time period for achieving the universal targets; and the final two scenarios (Meet Expectations and High Performers) base the targeted levels of access on country’s general level of development (see again Box 6.2). Other than in the latter two scenarios the targets, as in the Universal Targets scenario, do not differentiate among countries based on starting conditions. The results from exploring these earlier scenarios, however, can be used as a basis for detailed country analyses.

As with the pursuit of the full set of universal targets, these alternatives demand additional investment in infrastructure over that in the base case in many countries, which must balance this desire against other demands on the resources available to them. Thus, the actual amount of infrastructure forecasted will reflect any fiscal constraints. Because in most cases, the targets are less aspirational than those explored in the Universal Targets scenario,[footnoteRef:103] we expect that fewer countries will suffer the types of short- and long-term tradeoffs we saw in the Universal Targets scenario. Given the dynamic and integrated nature of the interactions captured in the model, however, this remains an empirical question to be answered. [103:  In cases where the predicted value of access to a particular infrastructure in a given country is within one standard error of universal access, then the targets in the High Performers scenario are functionally equivalent to those in the Universal Targets scenario.] 


	Table 6.9 Alternative scenarios and associated targets

	Scenario name
	Infrastructure targeted
	Year of target
	Level of target

	Roads Only
	Road access
	2030
	100%

	Energy Only
	Electricity access*
	2030
	100%

	Water and Sanitation Only
	Improved water and sanitation
	2030
	100%

	ICT Only
	Mobile broadband
	2030
	100%

	All 2050
	All
	2050
	100%

	Meet expectations
	All
	2030
	Expected level given general level of development

	High performers
	All
	2030
	One standard error above expected level given general level of development

	* Targets for electricity access also include targets for reducing the use of solid fuels as the primary source of heating and cooking in the home.



[bookmark: _Toc199925080][bookmark: _Toc200095336]6.4.2 	Comparing the alternatives
We use two different metrics for comparing the potential preferences of countries for the different scenarios. The first is the ratio of the incremental GDP to the incremental spending on infrastructure, as shown earlier in Table 6.4 for analysis of Universal Targets. As there, both the GDP and the spending are cumulative and use a discount rate of 3 percent. The second metric is the United Nations Development Programme’s Human Development Index (HDI). These are obviously only two of a large number of possible metrics that could be used. We also include the base case and the Universal Targets scenario in our comparisons.

For each country, time horizon, and metric we can rank the scenarios in order of preference. Table 6.10 shows the three highest ranked scenarios for three countries using the two different metrics and two different time horizons. These results show that the preferred scenarios depend upon the country, the time horizon, and the metric used.

	Table 6.10 Sample rankings of scenarios by country using different time horizons

	
	
	Time horizon

	Country
	Ranking
	2030
	2060

	
	
	GDP/Spend
	HDI
	GDP/Spend
	HDI

	Bangladesh
	1
	Water and Sanitation Only
	Water and Sanitation Only
	Water and Sanitation Only
	Universal Targets

	
	2
	Universal Targets
	Base case
	Electricity Only
	Meet Expectations

	
	3
	Base case
	ICT Only
	Universal Targets
	Roads Only

	Kenya
	1
	Base case
	Water and Sanitation Only
	Water and Sanitation Only
	Water and Sanitation Only

	
	2
	Water and Sanitation Only
	Base case
	Meet Expectations
	Universal Targets

	
	3
	ICT Only
	ICT Only
	Electricity Only
	Electricity Only

	Panama
	1
	High Performers
	High Performers
	Roads Only
	Water and Sanitation Only

	
	2
	Meet Expectation
	Universal Targets
	Water and Sanitation Only
	Universal Targets

	
	3
	Water and Sanitation Only
	Water and Sanitation Only
	High Performers
	All 2050

	Source: IFs v6.57
Note: Rankings defined by level of HDI in final year of the time horizon.



Recognizing these differences, do any of the scenarios consistently outperform the others? The simple answer to this question is "no". Figure 6.10 contrasts the scenarios in terms of the number of countries for which each scenario performs best using the two metrics and two time horizons. Irrespective of the time horizon or the metric, none of the scenarios is the top choice of more than 60 percent of countries. Furthermore, the only situation in which a scenario is not best performing for at least one country is when we use a time horizon of 2060 and GDP/spending as the metric. Interestingly, under those conditions no country should prefer the base case.

If we look closer, however, a number of patterns do appear in these results. First, the base case is very rarely the most preferred of the scenarios for any country. Thus, there is some net benefit to trying to accelerate infrastructure development in some way for almost all countries. That reinforces our understanding that expenditures on public goods like infrastructure tends to be sub-optimal—we have emphasized that the base case uses demand equations based on historical patterns.

Looking across the different types of infrastructure, prioritizing water and sanitation is consistently preferred by more countries than other single-emphasis scenarios, followed by electricity and ICT. The fact that fewer countries choose ICT as their main priority with longer time horizons is almost certainly due to our inability to envision and capture all of the potential developments in ICT and its benefits, in our analysis. There appears to be much less benefit in focusing on roads based on this analysis. This is not surprising as we have already noted the increasing marginal costs in improving road access, which in turn requires greater diversions of public resources from other expenditure categories.

Turning to the scenarios that include targets for the full range of infrastructure types, we see that the more aggressive scenarios, i.e., Universal Targets and High Performers, perform much better when we use HDI as the metric rather than the narrow, purely economic metric. Furthermore, more countries prefer both as we increase the time horizon. Based on these two metrics, it would be hard to say, however, which one is better overall, but we have seen that the pursuit (often without achievement) of universal targets has very substantial near-term human development costs for a large number of countries that would need to divert resources from other public priorities. That would be true for many countries also of the High Performers scenario. Only a few countries would consider delaying the target date for the universal targets by 20 years to be optimal. For most countries the lost benefits quickly outweigh the cost savings. Comparing the two scenarios in which the targeted levels of access are linked to a country’s general level of development, we find that the metric matters. Using the economic metric, more countries prefer just meeting expectations to trying to reach the level of the better performers. The opposite is the case when we use HDI as our metric.


Figure 6.10 Percentage of countries with preference for particular scenarios, all countries
Source: IFs v6.57

Figure 6.11 repeats Figure 6.10, but only includes countries in sub-Saharan Africa. Some of the same patterns re-emerge here, but they are exaggerated somewhat. For example, the relative attractiveness of prioritizing water and sanitation is even more evident in this region. The larger number of countries preferring the pursuit of the universal targets when HDI is used as the metric is also apparent. At the same time, very few countries in this region would opt for the High Performers scenario based on our two metrics. For some countries, however, High Performers would require less pain from short-term costs associated with fund diversion (this analysis is not considering the first 10 years) than would Universal Targets. Meet Expectations would generally require still less immediate redirection of funds, and that scenario also provides important returns by 2030, especially economic ones.  That means that the other more affordable options become very important alternatives for these countries. 


Figure 6.11 Percentage of countries with preference for particular scenarios, sub-Saharan Africa
Source: IFs v6.57

[bookmark: _Toc199925081][bookmark: _Toc200095337]6.4.3	Lessons from the results for target and priority setting by countries
The results presented in the previous section obviously depend upon the myriad assumptions in IFs, as well as the metrics we have chosen for ranking the desirability of the alternative scenarios. Still, they can provide some guidance for priority setting related to infrastructure development for individual countries.

The primary message is that there is no universally preferred set of targets; these will differ by country and time horizon. Every country differs in terms of where it starts in terms of levels of access, economic resources to pursue infrastructure development, and the other development challenges it faces.

Referring back to Table 6.10, assuming a time horizon of 2030, Bangladesh and Kenya should prioritize achieving universal access to water and sanitation, while Panama should take a more balanced approach, without necessarily trying to achieve universal access. Table 6.11 extends these results by presenting the most preferred scenario for each country based on a time horizon of 2030 using HDI as the metric of preference. These should be viewed as only preliminary recommendations. In actual priority setting individual countries would want to refine the analysis using additional information, such as country-specific costs for construction and maintenance, a broader range of scenarios, and a set of alternative metrics for comparing scenarios. Perhaps most importantly, they would need to compare the net benefits of increasing investment in infrastructure, as explored in these scenarios, vis-à-vis increasing other public investments.
[bookmark: _Toc199925082][bookmark: _Toc200095338]6.4.4	Lessons for international donors
The alternative scenarios considered thus far have continued to assume that the additional resources being used for infrastructure arise within the country. Therefore, the results provide guidance on how countries might wish to allocate their own resources. If we adopt the perspective of an international donor, however, the same conclusions may not hold. In particular, of key concern to domestic governments is the tradeoff inherent in diverting limited public resources from other sectors in order to accelerate infrastructure development. International donors, however, face further tradeoffs. For example, the influx of potentially large sums of funding from external sources can have wider macroeconomic and social impacts (including the potential for corruption or misuse of funds and for adverse effects on currency valuation, the so-called "Dutch disease") that would need to be considered in making any decisions concerning infrastructure funding. This level of analysis goes beyond the scope of the current volume, however.


	Table 6.11 Most preferred scenario by country using a time horizon of 2030

	Base case
	Jordan
	Turkey
	Burkina Faso
	ICT Only
	Azerbaijan
	Libya

	Mali
	Korea North
	Ukraine
	Burundi
	Egypt
	Bahrain
	Lithuania

	Universal Targets
	Laos
	Uruguay
	Chad
	Gambia
	Barbados
	Luxembourg

	Angola
	Latvia
	Venezuela
	Cote d'Ivoire
	Guinea
	Belize
	Mauritius

	Bahamas
	Lesotho
	Vietnam
	Djibouti
	Guyana
	Bulgaria
	Netherlands

	Belarus
	Liberia
	Roads Only
	Eritrea
	Madagascar
	Canada
	Norway

	Belgium
	Macedonia
	Timor-Leste
	Gabon
	Malawi
	Cuba
	Panama

	Bosnia
	Maldives
	Electricity Only
	Ghana
	Moldova
	Cyprus
	Paraguay

	Botswana
	Malta
	Congo; Democratic Republic of
	GuineaBiss
	Myanmar
	Czech Republic
	Poland

	Brazil
	Mexico
	Costa Rica
	Haiti
	Niger
	Denmark
	Puerto Rico

	Cambodia
	Micronesia; Fed. Sts.
	Fiji
	Kenya
	Togo
	Ecuador
	Qatar

	Cameroon
	Mozambique
	Honduras
	Mauritania
	All 2050
	Equa Guinea
	Russia

	Cape Verde
	Namibia
	Malaysia
	Nigeria
	Albania
	Estonia
	Saudi Arabia

	Central AfR
	Nepal
	Mongolia
	Pakistan
	Armenia
	Finland
	Singapore

	Chile
	New Zealand
	Nicaragua
	Papua NG
	Iraq
	France
	Slovenia

	China
	Oman
	Palestine
	Romania
	Montenegro
	Germany
	St. Vincent and the Grenadines

	Colombia
	Philippines
	Portugal
	Rwanda
	Morocco
	Hong Kong
	Sweden

	Congo; Republic of
	Sao Tome and Principe
	Samoa
	Senegal
	Syria
	Hungary
	Switzerland

	Croatia
	Serbia
	Tonga
	SierraLeo
	Meet Expectations
	Iran
	Taiwan

	DominicanRep
	Solomon Islands
	Uzbekistan
	Slovak Rep
	Brunei
	Ireland
	Tajikistan

	El Salvador
	South Africa
	Vanuatu
	Somalia
	Comoros
	Israel
	Trinidad

	Ethiopia
	Spain
	Water and Sanitation Only
	Sudan
	Guatemala
	Italy
	Turkmenistan

	Georgia
	Sri Lanka
	Afghanistan
	Tanzania
	Iceland
	Japan
	UAE

	Greece
	St. Lucia
	Algeria
	Uganda
	Peru
	Kazakhstan
	Unitd Kingdm

	Grenada
	Suriname
	Bangladesh
	Yemen
	High Performers
	Korea South
	USA

	India
	Swaziland
	Benin
	Zambia
	Argentina
	Kuwait
	

	Indonesia
	Thailand
	Bhutan
	Zimbabwe
	Australia
	Kyrgyz
	

	Jamaica
	Tunisia
	Bolivia
	Burkina Faso
	Austria
	Lebanon
	

	Source: IFs v6.57
Note: Choice of preferred scenario based on HDI in year 2030.


[bookmark: _Toc325882434][bookmark: _Toc199925083][bookmark: _Toc200095339]6.5 Conclusions
The importance of infrastructure for economic and broader human development has received increasing attention in recent years. So has the lack of specific targets related to infrastructure in such efforts as the Millennium Development Goals. This has lead a number of groups to push for a range of targets focused on various aspects of infrastructure.

In this chapter, we began by exploring the potential costs and benefits of pursuing a small set of these infrastructure-related targets, which called for improved access to all-season roads and for universal access to electricity, improved water and sanitation, and ICT by the year 2030. The results showed that, using domestic resources, these targets are likely to be unachievable for many countries and the effects of pursuing them could have net negative consequences due to the diversion of limited public resources from other important contributors to development. Furthermore, the amount of money that would be required from external sources, either via Official Development Assistance or Foreign Direct Investments, is large enough to raise serious questions about whether the universal targets are reasonable.

Our exploration of alternative targets highlighted the differences between countries in terms of how they might tailor the proposed targets to best suit their own needs. One size does not fit all. Some acceleration of infrastructure development beyond that seen in the base case is warranted in almost all countries, but the optimal rate and focus of this development differs across countries due to their individual circumstances. Furthermore, these choices can differ depending upon the time horizon and the metric of success adopted by policymakers.

We began this chapter by comparing the situations of Chad and Brazil, showing the dramatic differences in their current levels of development in general and infrastructure endowments in particular. Given these differences, we would not expect that the optimal path of infrastructure development would be the same for both of these countries. Our analysis shows that this is indeed the case, with Chad benefitting most from an emphasis on increasing access to improved water and sanitation and Brazil from pursuing the full set of universal targets (see again Table 6.10).

Additional analysis would, of course, be required to make more specific recommendations for Chad, Brazil, or any individual country. Finally, further analysis is also warranted before making recommendations to international donors on how best to support infrastructure development and development in general or in specific countries.










7. [bookmark: _Toc199927621][bookmark: _Toc200095340]The Future of Global Infrastructure

Given the importance of infrastructure to all individuals and societies, there exist surprisingly few efforts to forecast its long-term future in a wide variety of countries around the world.  We have sought in this volume to make contributions on two fronts. The first is to improve our toolkit for such forecasting by building and making available an empirically based, quite comprehensive (in terms of both infrastructure types and linkages other human development systems), and easily usable computer system for thinking about alternative infrastructure futures. The second, interacting with the first, is actually to explore where patterns of changes in infrastructure might be taking us, to consider the effects of already extensive efforts to build infrastructure around the world, and to think about still how more rapid expansion of access to infrastructure might interact, positively or negatively, with broader human development. 

[bookmark: _Toc199927622][bookmark: _Toc200095341]7.1 Expanding Capability for Forecasting Infrastructure Futures
Any effort to understand the future of infrastructure, including our own, will be limited in important ways. Most studies narrow their focus to selected countries, consider a single or small subset of infrastructure types, maintain a relatively near-term focus, and/or pay attention primarily to the potential demand for infrastructure and its potential cost. That last limitation, for example, prevents nearly all studies from looking at the constraints that financial resources might impose on the prospects of meeting demand. In addition these constraints more generally mean that studies very seldom consider the impacts of alternative infrastructure futures on broader human development systems (such as on economic growth and on aspects of demographics including health) much less go on to close the loop by exploring how resultant alternative futures for those other systems then affect infrastructure development.

In order to push back these limitations, we have created a dynamic, integrated infrastructure model using a “demand-driven, supply-constrained” approach to forecast levels of key infrastructure stocks, access, and spending for 183 countries around the world out to the year 2060. Further, we have included a wide array of infrastructure forms in our analysis, adding multiple information and communications technologies or ICTs (mobile phones, mobile broadband and fixed broadband) to more standard infrastructure types such as like road transportation, electricity, and water and sanitation. And we have imbedded our model of infrastructure deeply into the International Futures (IFs) forecasting system, with its broad representation of multiple human development systems, including economics, demographics, energy, food and agriculture, governance (including budgeting) and the environment. The resultant tool can provide its users with the ability to explore a range of alternative human infrastructure futures. It is available at www.ifs.du.edu for others to use either in replicating our own analyzes or undertaking their own.

In terms of developing such tools, still another a challenge that all analysts have faced is restricted data availability. Unlike other issue areas, including population, education, health, energy, or agriculture, there is no one international organization that deals with infrastructure as a whole. Thus, infrastructure data have long been scattered across a number of international organizations. For this project, we drew on these fragmented data sources to create what we believe to be one of the most comprehensive infrastructure databases in the world. It is also integrated within the IFs forecasting system and therefore available for others.

For those who do not wish to use such tools themselves, the tables that accompany this volume provide IFs base case forecasts for all 183 countries, as well as for geographical groupings of them. Again, we have attempted to provide information for a wide range of infrastructure types and to provide context by including base case forecasts for a considerable range of other human development indicators.
[bookmark: _Toc199927623]
[bookmark: _Toc200095342]7.2 Understanding the Future of Infrastructure Globally 
As new technologies unfolded, the current high-income countries had centuries to develop the infrastructure networks they now enjoy. Today, developing countries are faced with an array of existing infrastructure technologies and typically have populaces demanding access to all of them simultaneously. That fact alone makes clear the reality that developing countries will not follow the same path that those rich countries once did. 

In addition, of course, technologies continue to change, most dramatically in the information and communications technology arena, but across the board. This all means that the past is not prologue for infrastructure futures and that, even if we had good historical infrastructure data, we could not rely heavily on extrapolation.  Our model is not extrapolative but more structural. Still, it begins with the current state of global infrastructure and initiates development patterns based on the general tendency of recent years. 

Table 7.1 helps us review that current state, focusing on the portion of the population with access to various infrastructures. It reminds us that in 2010 improved water was the infrastructure type for which global access was closest to universal, with 88.5 percent of world linked to either household connections or some other improved source. Of course that meant that 789 million people had access to no improved source, of which 333 million were in sub-Saharan Africa (67 million in Nigeria alone) and 158 million were in South Asia (94 million in India). 

Although there are huge variations across countries as a result of factors including geography, climate, and historical development paths, access to safe water tends to be highest among infrastructure types even at the lowest income levels. Globally, this is followed by electricity, roads, and then sanitation (temporarily leaving aside the new ICTs). Yet Table 7.1 makes clear that this order of access can vary across regions (and countries). At the same, there is a consistency in that regions (and countries) that rank lower in access to one form of access also tend to rank lower in other forms.

The variation across income levels and geographic regions can be quite large. This is particularly pronounced in electricity and improved sanitation, where the access rate for sub-Saharan Africa was only 30 percent in 2010, compared to 98 percent or more in high-income countries. 

	Table 7.1 Global infrastructure access across scenarios of the volume

	
	All-season roads percent access (rural)
	
	
	Electricity percent access

	
	
	Base case
	Universal Targets
	
	
	
	Base case
	Universal Targets

	
	2010
	2060
	2060
	
	
	2010
	2060
	2060

	East Asia and Pacific
	90.6
	95.7
	96.8
	
	East Asia and Pacific
	90.7
	98.9
	100.0

	Europe and Central Asia
	78.5
	89.5
	94.0
	
	Europe and Central Asia
	87.2
	94.7
	100.0

	Latin America and the Caribbean
	61.3
	81.3
	87.9
	
	Latin America and the Caribbean
	94.4
	99.1
	99.9

	Middle East and North Africa
	61.8
	81.8
	87.3
	
	Middle East and North Africa
	93.6
	97.3
	99.9

	South Asia
	64.8
	85.6
	93.9
	
	South Asia
	64.0
	97.0
	100.0

	Sub-Saharan Africa
	40.6
	61.7
	71.7
	
	Sub-Saharan Africa
	29.3
	79.9
	90.1

	High-income countries
	93.5
	99.8
	99.8
	
	High-income countries
	97.6
	98.8
	100.0

	World
	71.4
	80.4
	87.4
	
	World
	78.1
	93.7
	97.6

	
	

	
	Improved water percent access
	
	
	Improved sanitation percent access

	
	
	Base case
	Universal Targets
	
	
	
	Base case
	Universal Targets

	
	2010
	2060
	2060
	
	
	2010
	2060
	2060

	East Asia and Pacific
	89.8
	98.7
	100.0
	
	East Asia and Pacific
	65.6
	92.7
	100.0

	Europe and Central Asia
	95.5
	99.0
	100.0
	
	Europe and Central Asia
	83.8
	95.5
	100.0

	Latin America and the Caribbean
	94.3
	98.2
	100.0
	
	Latin America and the Caribbean
	79.9
	91.9
	99.8

	Middle East and North Africa
	88.4
	95.9
	100.0
	
	Middle East and North Africa
	88.2
	94.4
	99.9

	South Asia
	90.1
	98.9
	100.0
	
	South Asia
	38.6
	82.4
	99.8

	Sub-Saharan Africa
	61.2
	86.3
	95.8
	
	Sub-Saharan Africa
	30.5
	76.5
	89.8

	High-income countries
	99.3
	99.7
	100.0
	
	High-income countries
	99.0
	98.3
	100.0

	World
	88.5
	95.8
	99.0
	
	World
	63.8
	87.2
	97.5

	
	

	
	Fixed phone per 100
	
	
	Mobile phone per 100

	
	
	Base case
	Universal Targets
	
	
	
	Base case
	Universal Targets

	
	2010
	2060
	2060
	
	
	2010
	2060
	2060

	East Asia and Pacific
	18.8
	3.8
	3.8
	
	East Asia and Pacific
	73.0
	151.4
	151.7

	Europe and Central Asia
	25.3
	3.5
	3.5
	
	Europe and Central Asia
	123.7
	151.3
	151.6

	Latin America and the Caribbean
	18.0
	3.4
	3.5
	
	Latin America and the Caribbean
	98.3
	151.3
	151.7

	Middle East and North Africa
	16.3
	3.4
	3.5
	
	Middle East and North Africa
	85.5
	151.4
	151.7

	South Asia
	2.7
	3.2
	3.3
	
	South Asia
	58.9
	151.5
	151.7

	Sub-Saharan Africa
	1.4
	2.9
	3.0
	
	Sub-Saharan Africa
	44.5
	151.3
	151.7

	High-income countries
	44.7
	3.5
	3.5
	
	High-income countries
	109.6
	151.4
	151.6

	World
	17.3
	3.3
	3.4
	
	World
	77.9
	151.4
	151.7

	
	

	
	Fixed broadband per 100
	
	
	Mobile broadband per 100

	
	
	Base case
	Universal Targets
	
	
	
	Base case
	Universal Targets

	
	2010
	2060
	2060
	
	
	2010
	2060
	2060

	East Asia and Pacific
	7.1
	62.5
	62.7
	
	East Asia and Pacific
	2.9
	151.4
	151.7

	Europe and Central Asia
	9.1
	65.5
	65.5
	
	Europe and Central Asia
	31.3
	151.3
	151.6

	Latin America and the Caribbean
	6.6
	62.4
	62.7
	
	Latin America and the Caribbean
	6.4
	151.3
	151.7

	Middle East and North Africa
	1.4
	44.7
	44.9
	
	Middle East and North Africa
	2.2
	151.4
	151.7

	South Asia
	0.7
	45.8
	46.9
	
	South Asia
	0.2
	151.5
	151.7

	Sub-Saharan Africa
	0.2
	41.7
	42.8
	
	Sub-Saharan Africa
	3.2
	151.3
	151.7

	High-income countries
	26.3
	81.5
	81.5
	
	High-income countries
	56.6
	151.4
	151.6

	World
	7.7
	54.9
	55.4
	
	World
	13.0
	151.4
	151.7

	Notes: mobile phone and broadband figures are subscriptions per100 persons.
Source: IFs Version 6.57, 23 May 2012.




For low-income countries, and even middle-income ones, progress in recent decades has often been subject to fits and starts, reflecting the inherent challenges of infrastructure provision: high up-front costs, long time-frames required for new construction, and the important roles that sometimes poorly functioning governments play in infrastructure’s development. In addition, there have been uneven efforts to increase private participation in infrastructure development and, in some countries (such as Iraq and Haiti) conflict and natural disasters have taken a severe toll on infrastructure. Many of these factors also, of course, affect high-income countries, but the greater challenges for them tend to be maintenance and keeping up with new technological developments, rather than catch-up.

By 2060, great progress is likely around the worlds. Looking forward with our base case forecasts (also in Table 7.1), if historical patterns of infrastructure development prevail (and recognizing that those patterns, as discussed above, may well not prevail), developing countries will continue to see their infrastructure networks improve substantially. With the exception of sub-Saharan Africa, most developing regions will have access rates to improved water and electricity at levels that approach or exceed those in the High-income countries today. Access to improved sanitation will lag somewhat, but it will approach 90 percent globally and even higher in all regions other than South Asia and sub-Saharan Africa, which start from very low levels of access. Finally, for reasons discussed in early chapters on the rapidly rising marginal costs of rural access to all-season roads (especially above levels of 80-90 percent), rural access to all-season roads will increase, but not grow much beyond 80 percent in a number of regions. At the same time, however, the overall road network will grow substantially in all regions.

Most dramatically, progress in ICT is an incredible success story already, and we expect mobile phone subscription rates (and, with smart phones and new generations of technology, also mobile broadband rates) to be all but universal well before 2060. Overall, the IFs base case is quite an optimistic scenario, which includes positive or virtuous feedbacks across infrastructure advance and broader human development.[footnoteRef:104] [104:  There are, however, a number of storm clouds on the global forecast horizon, including aging populations and the fiscal pressures associated with them; forthcoming peaking of global oil and gas production and the need to develop alternative, sustainable sources of energy; growing pressure on fresh water supplies; and climate change that is likely to accelerate. We have therefore also developed and explored elsewhere a Global Challenges scenario that heightened all of these pressures relative to the base case (see Hughes et al. 2011). We have not explored the implications of such scenarios in this volume.
] 


Yet large gaps and shortfalls will remain relative to universal access. Especially when we take into account global population growth, there will still be a great many people without even the most basic of modern infrastructure. Even by 2060 a total of 1.2 trillion million humans may still not have improved sanitation and 400 million could well lack access even to an improved water source, in both cases approximately half as many as today (in a significantly larger global population). In 2060 these are likely to be even more concentrated in sub-Saharan than they are today, with the continent being home to 533 million without improved sanitation and 311 million without improved access to sources of water. Moreover, the pace of improvement will not likely be enough for many countries to meet the goals put forth in the literature, even when, as with the water and sanitation goals of the MDG set, those call for reduction by half of those without access, rather than for universal access.

Interestingly, even for countries that fall short of such goals, it may not appear in cursory analysis that the problem will be generating adequate financial resources. As a general rule, both low-income and middle-income governments spend a significantly higher percentage of their GDPs on infrastructure than do those with high incomes, approximately four times as high a percentage rate (about 4 percent compared to a bit less than 1 percent).[footnoteRef:105] And while low- and lower-middle-income countries in particular are likely to maintain or even increase that rate over the next two decades in the near future as ICT networks are built out and they try to close the gaps in some other forms of infrastructure, our general expectation is for decreasing percentages to go towards infrastructure across middle-income countries as a whole in the coming decades and even in low-income ones well before mid-century.  [105:  These figures only include the public spending on the forms of infrastructure explicitly included in our modeling. They do not include private spending or public spending on other forms of infrastructure. ] 


We should not, however, interpret this likely decline in share of GDP going to infrastructure to mean that these countries could relatively easily direct more funding towards infrastructure and fairly easily push towards universal access rates. Across this volume series on Patterns of Potential Human Progress we have seen that other categories of spending, notably education and health, tend to take higher percentages of GDP as countries raise income levels, so that there is competition of those categories with infrastructure.

Looking beyond the base case scenario to a much more aggressive Universal Targets scenario (detailed in Box 5.1), most, but not all, regions can achieve such infrastructure targets by 2060, if not necessarily by the target date of 2030 (Table 7.1).[footnoteRef:106] Of the 24 countries that do not achieve the targeted rates of access by this time, all but 5 are in sub-Saharan Africa. [106:  Since the target for roads is to reduce by half the proportion of the rural population living more than 2 kilometers from an all-season road, it is harder to interpret the results in Table 7.1. As with the other targets and with a very few exceptions, the countries that appear not able to achieve the targeted rates for all-season rural road access by 2060 are in sub-Saharan Africa.] 


To reach the targets, however, would require diverting funding from other important public expenditures. For those countries furthest from the targets, any long-term economic (i.e., increased GDP growth relative to the base case) and social (i.e., increased HDI growth over the base case) benefits will only come after significant periods of decreases in both of these metrics compared to the base case. The payback horizon can be decades, and for some countries extends even beyond our time horizon of 2060.

Such focus on infrastructure, as defined by the universal targets, is probably therefore neither politically acceptable nor desirable in a significant number of countries unless they were to receive substantial outside assistance. Unfortunately, the level of assistance required is such that ODA would need to more than quadruple over the period 2010-2030 compared to the base case, or FDI would need to increase by around 25 percent over the same period.[footnoteRef:107]  [107:  That quadrupling is actually associated with an estimate of the funds needed to achieve the universal target beyond the almost certainly politically impossible diversion of funds to infrastructure internally. Should assistance also help limit the diversion, the external requirements rise substantially higher.] 


This suggests the need for a different set of infrastructure targets that would be feasible to achieve without such large costs. We explored a set of what we hoped were still aggressive but more reasonable targets by delaying the target date, prioritizing specific types of infrastructure, and adjusting the target levels in a way that takes into account the very different starting points of countries across levels of development and even at similar ones.

We found that some acceleration of infrastructure development beyond that seen in the base case is warranted in almost all countries. However, the optimal rate and focus of this acceleration differs across countries. Because of the relatively low costs and immediate health benefits, increasing access to improved water and sanitation stands out as a possible primary area of focus in a large number of countries, particularly in sub-Saharan Africa

At the same time, we caution the reader that our analysis was designed to explore the broad patterns of infrastructure development in the future and not to provide specific recommendations for individual countries. Furthermore, in many parts of the model, we have used common assumptions across countries, e.g., on the unit costs of construction, which almost certainly do not hold in the real world. Therefore, these results would be best used to provide guidance for more detailed analysis prior to making specific recommendations on infrastructure development for a particular country or region.

[bookmark: _Toc199927624][bookmark: _Toc200095343]7.3 The Future of Infrastructure Forecasting 
We recognize many limitations of our analysis in this volume. The data are scattered and very difficult to obtain and reconcile across time, geography, and infrastructure types. This is true on the financial side (costs and expenditures) even more than on the physical side. That has exacerbated the difficulties for other analysts and for us, not just in forecasting of infrastructure, but even more in estimating the impacts that infrastructure development has on economic growth and other variables. We have treated fewer of those "forward linkages" than we would have liked. In particular, although we recognize the impacts that infrastructure has on the environment, we have not explored the implications that alternative infrastructure development patterns might have for the critical movement of humanity towards sustainability in the twenty-first century.

We have also had to focus on a subset of infrastructure categories, notably setting aside attention to transportation categories such as rail, water, and air. Even more unfortunate, we have not been able to devote any attention to inter-country and global infrastructure linkages, an omission of great significance in continental areas such as Africa and even Latin America.
It has, of course, also not been possible to consider possible infrastructure technologies of the future not yet known to any of us. More disconcerting, however, is our omission of attention to the full range of impacts that ICT is likely to have on all other infrastructure forms (not just smart electric grid systems, but smart transportation systems and at least somewhat smarter water and sanitation systems). 

Our first chapter noted also the fact that knowledge systems of countries, including education systems (perhaps especially at the tertiary level) and R&D systems and government support for them are also a form of infrastructure, somewhat "softer" than the traditional physical forms, but also involving many physical (e.g., universities, research institutes, and trained personnel) as well as softer institutional and cultural components.  One could well argue that knowledge systems, in interaction with ICT, are the key transformative elements of infrastructure development over the next 50 years. In fact, we have begun within IFs to develop forecasting around knowledge systems, and we wish to develop and use this more fully in future analysis.

In spite of inevitable limitations, we would not have undertaken such a daunting task as this analysis had we not believed both that it is very important to consider the long-term future of infrastructure globally and that it is possible to provide some insights into possibilities concerning it and the implications of alternative infrastructure futures for broader human well-being. Our hopes are that we have built solid foundations for much future work—that even when we have erred, we will have provided some guidance for those who might do it better; and that, when we have generated insights, they will mostly hold up in the face of the future work of understanding and thereby advancing the collective enterprise of building global infrastructure.
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Malnourished children (%)	Low-income economies	Lower-middle-income economies	Upper-middle-income economies	High-income economies	East Asia and Pacific	Europe and Central Asia	Latin America and the Caribbean	Middle East and North Africa	South Asia	Sub-Saharan Africa	High-income countries	World	3.082	5.985	0.72	0.01	1.563	0.3	0.783	1.174	7.443	3.891999999999999	0.01	2.988	Infant mortality (per 1000 live births)	Low-income economies	Lower-middle-income economies	Upper-middle-income economies	High-income economies	East Asia and Pacific	Europe and Central Asia	Latin America and the Caribbean	Middle East and North Africa	South Asia	Sub-Saharan Africa	High-income countries	World	4.64	3.727	0.367	0.019	0.731	0.139	0.442	0.409	4.5	5.516999999999999	0.019	2.214	Absolute decreases - percentage points for malnourished children, per 1000 births for infant mortality

High-income economies	2010-2015	2015-2020	2020-2025	2025-2030	2030-2035	2035-2040	2040-2045	2045-2050	2050-2055	2055-2060	not by 2060	45.0	2.0	2.0	Upper-middle-income economies	2010-2015	2015-2020	2020-2025	2025-2030	2030-2035	2035-2040	2040-2045	2045-2050	2050-2055	2055-2060	not by 2060	19.0	12.0	10.0	2.0	1.0	2.0	1.0	Lower-middle-income economies	2010-2015	2015-2020	2020-2025	2025-2030	2030-2035	2035-2040	2040-2045	2045-2050	2050-2055	2055-2060	not by 2060	14.0	9.0	5.0	5.0	2.0	5.0	3.0	3.0	1.0	5.0	Low-income economies	2010-2015	2015-2020	2020-2025	2025-2030	2030-2035	2035-2040	2040-2045	2045-2050	2050-2055	2055-2060	not by 2060	3.0	8.0	2.0	3.0	1.0	4.0	1.0	2.0	1.0	1.0	9.0	Social payback point

Number of countries

Universal Targets	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	0.0	-0.001	-0.002	-0.003	-0.002	-0.003	-0.003	-0.002	-0.002	-0.001	-0.001	-0.001	-0.001	0.0	-0.001	0.0	-0.001	-0.001	0.0	-0.001	0.0	0.0	-0.001	0.0	0.0	0.001	0.0	0.001	0.002	0.002	0.003	0.003	0.003	0.004	0.005	0.005	0.005	0.005	0.006	0.006	0.007	0.00800000000000001	0.00900000000000001	0.00900000000000001	0.01	0.01	0.011	0.011	0.012	0.012	0.013	Universal Targets with additional funds	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	0.0	0.001	0.002	0.004	0.006	0.007	0.00800000000000001	0.01	0.012	0.013	0.015	0.016	0.018	0.019	0.02	0.022	0.023	0.025	0.027	0.028	0.03	0.031	0.032	0.034	0.035	0.0369999999999999	0.0379999999999999	0.0389999999999999	0.0409999999999999	0.0419999999999999	0.0429999999999999	0.044	0.045	0.047	0.047	0.048	0.049	0.05	0.052	0.052	0.054	0.055	0.056	0.057	0.0579999999999999	0.0579999999999999	0.0589999999999999	0.0589999999999999	0.0599999999999999	0.0589999999999999	0.0599999999999999	Year
Change in HDI relative to base case

Base Case	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.109289617486339	0.00546448087431694	0.0	0.00546448087431694	Universal Targets	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.0163934426229508	0.316939890710382	0.0163934426229508	0.344262295081967	Roads Only	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.0218579234972678	0.00546448087431694	0.0655737704918033	0.00546448087431694	Electricity Only	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.153005464480874	0.0710382513661202	0.153005464480874	0.0327868852459016	Water and Sanitation Only	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.404371584699454	0.180327868852459	0.584699453551913	0.147540983606557	ICT Only	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.153005464480874	0.0546448087431694	0.0546448087431694	0.0109289617486339	All2050	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.00546448087431694	0.0327868852459016	0.0163934426229508	0.0273224043715847	Meet Expectations	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.0983606557377049	0.0273224043715847	0.087431693989071	0.0163934426229508	High Performers	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.0491803278688524	0.306010928961749	0.0218579234972678	0.40983606557377	Metric and time horizon
Percentage of countries

Base Case	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.288888888888889	0.0222222222222222	0.0	0.0	Universal Targets	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.0	0.311111111111111	0.0222222222222222	0.422222222222222	Roads Only	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.0	0.0	0.0444444444444444	0.0	Electricity Only	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.0444444444444444	0.0222222222222222	0.0444444444444444	0.0444444444444444	Water and Sanitation Only	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.511111111111111	0.466666666666667	0.822222222222222	0.444444444444444	ICT Only	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.0222222222222222	0.133333333333333	0.0	0.0	All2050	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.0	0.0	0.0	0.0222222222222222	Meet Expectations	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.133333333333333	0.0222222222222222	0.0666666666666667	0.0222222222222222	High Performers	GDP/Spend	HDI	GDP/Spend	HDI	2030	2030	2060	2060	0.0	0.0222222222222222	0.0	0.0444444444444444	Metric and time horizon
Percentage of countries

Percent access to electricty	24.14	68.35	97.5	97.55	Percent access to all-weather roads	Low-income economies	Lower-middle-income economies	Upper-middle-income economies	High-income economies	30.89	69.06	84.0	92.76	Percent access to safe water	65.75	86.68000000000001	92.72	99.62	Percent access to sanitation	53.83	56.98	86.09	99.9	Percent access to mobile phones	Low-income economies	Lower-middle-income economies	Upper-middle-income economies	High-income economies	33.22	71.98	84.21	109.55	Percent


1975	East Asia and Pacific	Europe and Central Asia	Latin America and the Caribbean	Middle East and North Africa	South Asia	Sub-Saharan Africa	High-income countries	0.0532	0.0875	0.1151	0.0127	0.0635	0.0579	0.6101	

1975	
East Asia and Pacific	Europe and Central Asia	Latin America and the Caribbean	Middle East and North Africa	South Asia	Sub-Saharan Africa	High-income countries	0.0532	0.0875	0.1151	0.0127	0.0635	0.0579	0.6101	
1990	
East Asia and Pacific	Europe and Central Asia	Latin America and the Caribbean	Middle East and North Africa	South Asia	Sub-Saharan Africa	High-income countries	0.077	0.089	0.1126	0.0183	0.0917	0.0561	0.5553	
2008	
East Asia and Pacific	Europe and Central Asia	Latin America and the Caribbean	Middle East and North Africa	South Asia	Sub-Saharan Africa	High-income countries	0.145	0.0682	0.0959	0.0183	0.1403	0.0562	0.4761	Percentage of roads paved	1975	1990	2008	1975	1990	2008	1975	1990	2008	1975	1990	2008	1975	1990	2008	1975	1990	2008	1975	1990	2008	1975	1990	2008	East Asia and Pacific	Europe and Central Asia	Latin America and the Caribbean	Middle East and North Africa	South Asia	Sub-Saharan Africa	High-income countries	World	17.21	26.45	53.52	62.61	67.02	10.17	14.52	16.21	42.07	55.39	78.06	39.97	49.15	50.12	11.54	15.77	17.04	54.84	66.62	72.29	39.67	52.65	57.72	Percent of roads paved

Percentage of roads paved	1975	1990	2008	1975	1990	2008	1975	1990	2008	1975	1990	2008	Low-income countries	Lower-middle-income countries	Upper-middle-income countries	High-income countries	8.54	17.07	17.77	29.32	46.05	50.33	10.65	30.85	43.19	54.84	66.62	72.29	Percentage of roads paved

1961.0	1962.0	1963.0	1964.0	1965.0	1966.0	1967.0	1968.0	1969.0	1970.0	1971.0	1972.0	1973.0	1974.0	1975.0	1976.0	1977.0	1978.0	1979.0	1980.0	1981.0	1982.0	1983.0	1984.0	1985.0	1986.0	1987.0	1988.0	1989.0	1990.0	1991.0	1992.0	1993.0	1994.0	1995.0	1996.0	1997.0	1998.0	1999.0	2000.0	2001.0	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	155.994	158.424	160.277	162.28	164.137	167.046	169.485	172.929	175.51	178.323	181.712	185.211	189.9500000000002	192.788	195.975	199.9	203.051	210.019	213.3465	216.3506	220.8456	223.4996	226.7795999999996	230.7133	234.1546	237.8084000000004	239.82373	243.63773	247.69753	251.7563	254.3860300000004	257.60911	260.4288099999986	263.5191099999989	266.9258299999992	271.4706299999996	274.94009	277.8113499999989	280.7293699999989	284.5246	289.39598	293.3312299999989	298.8168800000003	302.04075	304.62917	306.7252499999989	308.7079499999996	310.3265999999982	311.6789	
Million hectares

Area potentially irrigated	Low-income countries	Lower-middle-income countries	Upper-middle-income countries	High-income countries	45.1411	182.388929	221.3078	2.130307	Percentage of potential area equipped	East Asia and Pacific	Europe and Central Asia	Latin America and the Caribbean	Middle East and North Africa	South Asia	Sub-Saharan Africa	High-income countries	0.286457352612143	0.538130798498192	0.541426917623328	0.592872294932139	
 Million hectares
Percentage

Area potentially irrigated	East Asia and Pacific	Europe and Central Asia	Latin America and the Caribbean	Middle East and North Africa	South Asia	Sub-Saharan Africa	High-income countries	114.9311	66.7992	77.718	29.2632	123.813	36.313329	2.130307	Percentage of potential area equipped	East Asia and Pacific	Europe and Central Asia	Latin America and the Caribbean	Middle East and North Africa	South Asia	Sub-Saharan Africa	High-income countries	0.750510523261328	0.431189295680188	0.256195475951517	0.697394680007655	0.55636322518637	0.18279789220096	0.592872294932139	Million hectares
Percentage

Population with Wastewater Collected and Treated	Guinea	Kenya	Moldova	Iraq	Armenia	China	Jordan	Azerbaijan	Cuba	Tunisia	Algeria	Brazil	Serbia	Belarus	South Africa	Panama	Romania	Bulgaria	Venezuela, RB	Mauritius	Turkey	Chile	Mexico	Latvia	Poland	Lithuania	Croatia	Slovak Republic	Estonia	Hungary	Trinidad and Tobago	Czech Republic	Malta	Portugal	Korea, Rep.	Israel	Slovenia	Cyprus	Greece	Spain	Bahrain	France	Japan	Finland	Germany	Belgium	Sweden	United Kingdom	Denmark	Austria	Iceland	Netherlands	Hong Kong  SAR, China	Switzerland	Ireland	Singapore	Norway	United Arab Emirates	Luxembourg	10.25	4.899999999999999	58.66666666666654	25.7	34.3	28.10333333333327	61.0	30.3	24.0	48.23142857142857	41.14285714285714	26.0	14.66666666666667	94.48333333333331	53.0	42.0	27.8	41.0	21.6	23.0	36.33333333333334	71.34285714285704	35.0	66.16666666666667	60.0	65.5	25.32	54.33333333333334	73.42857142857135	57.8	23.4	72.85714285714285	36.71428571428572	65.5	78.8	89.75	39.5714285714285	24.75	85.0	92.8	83.33333333333323	80.0	67.0	81.0	94.5	55.33333333333334	85.8	97.5	87.9	89.8	51.75	99.0	93.38857142857132	96.56666666666666	84.0	99.7857142857143	76.42857142857135	78.3	95.0	Population with wastewater collection	Guinea	Kenya	Moldova	Iraq	Armenia	China	Jordan	Azerbaijan	Cuba	Tunisia	Algeria	Brazil	Serbia	Belarus	South Africa	Panama	Romania	Bulgaria	Venezuela, RB	Mauritius	Turkey	Chile	Mexico	Latvia	Poland	Lithuania	Croatia	Slovak Republic	Estonia	Hungary	Trinidad and Tobago	Czech Republic	Malta	Portugal	Korea, Rep.	Israel	Slovenia	Cyprus	Greece	Spain	Bahrain	France	Japan	Finland	Germany	Belgium	Sweden	United Kingdom	Denmark	Austria	Iceland	Netherlands	Hong Kong  SAR, China	Switzerland	Ireland	Singapore	Norway	United Arab Emirates	Luxembourg	10.25	4.899999999999999	58.66666666666654	25.85	63.65714285714284	42.67666666666656	83.9375	36.86666666666653	37.74285714285714	52.93714285714285	84.2857142857143	46.44285714285714	47.66666666666654	94.48333333333331	56.0	51.25	41.83333333333334	69.14285714285703	79.55714285714285	23.0	69.33333333333323	94.84285714285704	67.6	71.0	58.85714285714278	66.66666666666667	43.0	56.5	74.2857142857143	63.0	23.4	79.14285714285703	98.0	75.0	78.8	92.9	63.0	24.75	85.0	100.0	83.33333333333323	82.0	67.0	81.0	96.0	85.16666666666667	85.8	97.7	87.9	89.8	90.0	99.0	93.38857142857132	96.56666666666666	95.0	100.0	81.66666666666667	78.3	95.0	
Percentage

East Asia and Pacific	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2008.0	55.99449959983689	92.709	126.859	187.341	289.2472	416.3066000000001	644.8737999999998	932.3264399999994	Europe and Central Asia	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2008.0	257.2787272607206	306.3855909167935	363.8393925570402	406.7478809395637	408.3959999999989	408.6375	430.7629999999992	438.7079999999989	Latin America and the Caribbean	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2008.0	64.04903883650867	94.33800000000001	131.813	157.103	182.2796999999997	221.6407699999998	262.32382	288.6137800000003	Middle East and North Africa	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2008.0	22.16457201642189	26.76899999999992	41.4	57.99002	70.12199999999998	85.5952	107.1023999999999	121.7905	South Asia	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2008.0	27.77463905427888	39.504	62.936	87.37899999999995	113.5222	136.96607	175.7868	208.01452	Sub-Saharan Africa	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2008.0	28.40223707974078	36.5158802331182	44.12157479017861	58.07106466872391	62.34498	71.65947999999975	70.59581999999997	74.38249999999998	High-income countries	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2008.0	1143.751006390242	1387.093189083206	1629.68486744296	1808.965679060442	1935.56132	2110.287839999993	2416.099850000001	2556.016	Year
Total installed electricity generating capacity (gigawatts)

Low-income economies	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2008.0	17.27623241746613	22.33962023365297	27.60490805178264	32.78206630470891	33.83098	35.24974	38.26992000000001	39.85739	Lower-middle-income economies	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2008.0	105.4210911756462	132.6330318463921	186.7716193220852	237.5394031275835	273.4463999999982	315.70792	376.7226200000001	415.7432500000002	Upper-middle-income economies	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2008.0	332.9663902543952	441.248819069867	556.5924399733535	684.3104961759924	818.6347000000005	989.8479599999953	1276.4531	1608.2351	High-income economies	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2008.0	1143.751006390242	1387.093189083206	1629.68486744296	1808.965679060442	1935.56132	2110.287839999993	2416.099850000001	2556.016	Year
Total installed electricity generating capacity (Gigawatts)

Fixed Telephone Lines	1960.0	1961.0	1962.0	1963.0	1964.0	1965.0	1966.0	1967.0	1968.0	1969.0	1970.0	1971.0	1972.0	1973.0	1974.0	1975.0	1976.0	1977.0	1978.0	1979.0	1980.0	1981.0	1982.0	1983.0	1984.0	1985.0	1986.0	1987.0	1988.0	1989.0	1990.0	1991.0	1992.0	1993.0	1994.0	1995.0	1996.0	1997.0	1998.0	1999.0	2000.0	2001.0	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2.979437552216945	3.07759155395131	3.189512423607823	3.28609349982058	3.38017460840496	3.509873076431798	3.664211956307586	3.826211101165664	3.979364587432875	4.13238266271213	4.552231598878905	4.529365096019479	4.757175679819825	4.976980534573372	5.198983338704537	5.720571357857668	5.906994724342577	6.178603808667781	6.46547995296435	6.782511327927377	7.053927725664848	7.487953399728502	7.682043291133271	7.888544618679124	8.100310443163618	8.330743768871098	8.529030248934807	8.786168345479441	9.088992184631357	9.413296948425754	9.78495495830241	10.10682414442241	10.45180541777146	10.87094707226177	11.42300147323455	12.07110702610875	12.76603533970356	13.5136939943095	14.11047849073727	15.02414791057723	15.9875401823494	16.74736316790496	17.32361845484029	17.94439689642292	18.74814104281803	19.38740928189089	19.48218181929349	19.11899275272631	18.59141152887381	17.89403357088182	17.20513546603773	Mobile Telephone Subsriptions	1960.0	1961.0	1962.0	1963.0	1964.0	1965.0	1966.0	1967.0	1968.0	1969.0	1970.0	1971.0	1972.0	1973.0	1974.0	1975.0	1976.0	1977.0	1978.0	1979.0	1980.0	1981.0	1982.0	1983.0	1984.0	1985.0	1986.0	1987.0	1988.0	1989.0	1990.0	1991.0	1992.0	1993.0	1994.0	1995.0	1996.0	1997.0	1998.0	1999.0	2000.0	2001.0	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	0.000574465690418471	0.00191125936706804	0.00318241468844507	0.00466450528060562	0.00686444429619662	0.0157519841442264	0.0294966677593157	0.0506880589313919	0.0845628333528436	0.140685359237804	0.210884063592895	0.301151446984697	0.423305511176962	0.61347453739853	0.98288784193529	1.587253391810961	2.504325778205137	3.663710325347235	5.351415800942584	8.15514908598517	12.10707511922333	15.55659870941327	18.49266719301171	22.34722922811279	27.38939397869827	34.05003514374859	41.8089820972701	50.30948008572714	59.78741317040991	68.41897518160097	77.04968090766742	Fixed Broadband Subsriptions	1960.0	1961.0	1962.0	1963.0	1964.0	1965.0	1966.0	1967.0	1968.0	1969.0	1970.0	1971.0	1972.0	1973.0	1974.0	1975.0	1976.0	1977.0	1978.0	1979.0	1980.0	1981.0	1982.0	1983.0	1984.0	1985.0	1986.0	1987.0	1988.0	1989.0	1990.0	1991.0	1992.0	1993.0	1994.0	1995.0	1996.0	1997.0	1998.0	1999.0	2000.0	2001.0	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	0.0173655332690608	0.0784892413573594	0.26306298085649	0.591432843044545	1.040873350107578	1.619024119766494	2.451038156518853	3.329392437501307	4.328865317741378	5.306068390607903	6.14615942216111	6.97589238462728	7.95260572148214	Mobile Broadband Subscriptions	1960.0	1961.0	1962.0	1963.0	1964.0	1965.0	1966.0	1967.0	1968.0	1969.0	1970.0	1971.0	1972.0	1973.0	1974.0	1975.0	1976.0	1977.0	1978.0	1979.0	1980.0	1981.0	1982.0	1983.0	1984.0	1985.0	1986.0	1987.0	1988.0	1989.0	1990.0	1991.0	1992.0	1993.0	1994.0	1995.0	1996.0	1997.0	1998.0	1999.0	2000.0	2001.0	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	0.000457150620256649	0.00557166142039758	0.126574863177147	0.5016224977225	1.180336688827454	2.509815036228637	4.472328478246973	6.730150946670323	9.92364981926894	Year
Lines/subscriptions per 100 persons

Low-income	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2010.0	0.190755581459554	0.240568301685634	0.297920413563216	0.364222806894649	0.411445501418267	0.529493473370284	0.763947011122784	1.097963290898576	Lower-middle-income	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2010.0	0.59626408860013	0.763023179627229	0.997957431169379	1.317935869368424	2.058461403571893	3.632725603632294	5.60934950846984	6.580465116345356	Upper-middle-income	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2010.0	1.406419104586743	2.040861181365158	2.79333673836925	3.92253379074726	6.937215735822917	13.68476315318388	23.73748240543064	20.94274475819702	High-income	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2010.0	23.03988423021633	29.14613312013059	35.2726348549006	41.94831277379645	48.52884939051344	55.15819467719734	51.10247310604645	43.77679437145511	World	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2010.0	5.720571357857675	7.053927725664848	8.330743768871118	9.7849549583024	12.07110702610875	15.9875401823494	19.38740928189089	17.20513546603773	Year
Fixed telephone lines per 100 persons

Low-income	1990.0	1992.0	1994.0	1996.0	1998.0	2000.0	2002.0	2004.0	2006.0	2008.0	2010.0	0.0	0.000590601497539339	0.00416296728767142	0.0123149709530801	0.0559612106650329	0.255288104086387	0.953067577333858	2.544048415818223	8.521950591210013	20.29320201617278	30.01366887019892	Lower-middle-income	1990.0	1992.0	1994.0	1996.0	1998.0	2000.0	2002.0	2004.0	2006.0	2008.0	2010.0	0.00150289068014925	0.00693644631369032	0.0215610879806498	0.122144244410468	0.302332661509727	1.19498168176098	3.337068365742321	8.648265506606398	22.1193177355345	43.9261382322963	66.75047174094658	Upper-middle-income	1990.0	1992.0	1994.0	1996.0	1998.0	2000.0	2002.0	2004.0	2006.0	2008.0	2010.0	0.0156690205934894	0.0621361882977399	0.257120395331737	0.860371824610749	2.592740967735699	8.257448226989774	17.01979909236679	30.39934333309838	48.29409988715835	67.2014252580405	85.27137977062414	High-income	1990.0	1992.0	1994.0	1996.0	1998.0	2000.0	2002.0	2004.0	2006.0	2008.0	2010.0	1.102787086058448	2.180688039661894	4.887244805868656	12.05328519636515	24.42343990401118	49.79228740717951	64.10757199581712	76.57375615874631	92.45285942239762	105.9019627537767	116.1383197113279	World	1990.0	1992.0	1994.0	1996.0	1998.0	2000.0	2002.0	2004.0	2006.0	2008.0	2010.0	0.210884063592895	0.423305511176962	0.98288784193529	2.50432577820514	5.351415800942584	12.10707511922334	18.49266719301171	27.38939397869827	41.8089820972701	59.78741317041001	77.04968090766736	Year
Mobile telephone subscriptions per 100 persons

Low-income	1998.0	1999.0	2000.0	2001.0	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	0.0	4.41575509093075E-5	8.69488926292825E-5	0.000128101940365293	0.000466497845943127	0.00112151100867501	0.00245021668819805	0.00343816402365625	0.011752495658769	0.0191527033071643	0.0230699872816758	0.0286422425287072	0.0502547234181142	Lower-middle-income	1998.0	1999.0	2000.0	2001.0	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	0.0	0.000136615883655693	0.000271780298072528	0.00371808759048943	0.00948682837701323	0.0165444937909429	0.0298580637602757	0.109784250919603	0.209923246774663	0.328887136383017	0.543761376917153	0.756743584374213	1.049046546112585	Upper-middle-income	1998.0	1999.0	2000.0	2001.0	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	7.60374681027135E-5	0.00300650154853892	0.0105020213605845	0.0433079551386702	0.214577801806678	0.632309833173444	1.413621134585437	2.147769290562582	3.096511606266921	4.295908043996699	5.63067125723285	6.962873011479422	8.499703946953314	High-income	1998.0	1999.0	2000.0	2001.0	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	0.100094103110312	0.449321775991414	1.515377820010008	3.37770928733871	5.664144752394534	8.192522143099095	11.4493155752157	14.99329568228963	18.78540596118646	21.88495502023512	23.6959199558181	25.50396845172927	27.61348687210122	World	1998.0	1999.0	2000.0	2001.0	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	0.0173655332690608	0.0784892413573595	0.26306298085649	0.591432843044544	1.040873350107578	1.619024119766495	2.451038156518853	3.329392437501306	4.328865317741378	5.306068390607903	6.14615942216111	6.975892384627273	7.95260572148214	Year
Fixed broadband subscriptions per 100 persons

Low-income	2001.0	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	0.0	0.0	0.0	0.000545031285808088	0.00109572747558704	0.00239815225766682	0.0160600753241699	0.0900858115579781	0.269383283302525	Lower-middle-income	2001.0	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	0.0	0.0	0.00283967017585045	0.00897172404251023	0.0258714894245784	0.113057494361789	0.303504888368366	1.054376528526052	1.77794691177144	Upper-middle-income	2001.0	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	0.0	0.0	0.00301939532854551	0.00748261527787937	0.0477919554709849	0.134573555653282	0.488857017974697	1.16019352908465	4.387749986177372	High-income	2001.0	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	0.00261846665293754	0.0320905909328221	0.72060717070594	2.884763926246246	6.747179532484722	14.2221526083669	24.68565369723031	35.08431082867775	45.6259029518589	World	2001.0	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	0.000457150620256649	0.00557166142039755	0.126574863177147	0.501622497722501	1.180336688827454	2.509815036228642	4.472328478246971	6.730150946670331	9.92364981926889	Year
Mobile broadband subscriptions per 100 persons

Infrastructure quantity	World	Western Europe	East Asia	South Asia	Middle East 	&	 North Africa	Sub-Saharan Africa	1.080607869116371	0.816351505054547	1.79764256803222	1.621262060947948	0.75216616020013	1.176983720503131	Infrastructure quality	World	Western Europe	East Asia	South Asia	Middle East 	&	 North Africa	Sub-Saharan Africa	0.508301990333417	0.280852571192818	0.325751905667392	1.087623707587917	0.538883845898483	-0.490465578310376	
Changes in growth per capita (%)



Infrastructure quantity	World	Western Europe	East Asia	South Asia	Middle East 	&	 North Africa	Sub-Saharan Africa	-2.392434517969561	-1.807378583209793	-3.979928569508294	-3.589427236410986	-1.665274089094778	-2.605807861016684	Infrastructure quality	World	Western Europe	East Asia	South Asia	Middle East 	&	 North Africa	Sub-Saharan Africa	-1.065988036781653	-0.554476377616879	-0.64311939851263	-2.147253454124721	-1.063897551519672	0.972269138652677	
Changes in the Gini coefficient



2000	4.805296999999999	6.086945	2.569025	10.280173	2.294126	29.763284	31.697177	2.489974	21.309894	23.294171	0.8928	18.871766	5.897569999999998	30.370828	5.620664	1.2787	2.749328	3.399574	5.009259	9.736148	7.920501	47.542687	7.213433	0.9121	0.348179	1.010104	1.831378	32.446787	2.271965	0.756737	0.734432	10.470161	2.66747	6.617413999999996	1.092509	0.254061	3.222958	8.113020000000001	1.737365	12.368109	22.73657	16.885673	31.666028	1.761376	5.629231	5.48934	3.992291	5.183415999999998	8.542071	0.686429	10.936756	0.527814	3.934764	27.320457	28.403298	13.271236	1.08744	2.452704999999999	30.543136	1.04692	20.51805	7.250828	3.962084	0.882616	1.123828	2.416081999999998	1.1367	2.882398	29.785094	13.583171	29.892431	1.769204	2.72673	7.667425999999999	4.468224	32.303942	23.172663	27.713548	6.533347	28.612806	3.590518	5.405777	1.275651	18.730425	33.993799	1.501672	1.326571	8.530998	8.563004	1.117933	0.481205	12.350746	9.51637	61.0594	7.221372	0.908903	0.633252	10.270658	3.469454999999999	0.814554	20.526385	1.573531	9.153885	12.094527	2.958527	1.657253	2.036884	6.802469	2.911264999999998	0.504768	0.51838	4.665890999999996	0.904621	33.690964	22.396579	2.126447	0.591176	1.455673	43.642118	17.903381	1.931348	8.146614	1.947362	3.789065	5.512706000000001	2.586971	11.753385	21.10242	62.110674	6.836586	8.612658	0.672591	3.059245999999998	1.123919	19.731917	1.464166	6.560550999999998	0.415728	36.792843	12.71805	19.72187	2.224597	7.640996999999998	25.128829	3.067751	8.338611	6.056106	1.325142	4.976891	4.032414999999998	29.155711	34.713371	3.725293	22.834575	1.002362	0.865793	5.568103999999998	0.87356	0.792236	3.845674999999999	13.869964	5.444364999999999	9.408889	2.322198	0.765413	3.696438	44.640924	29.587971	39.577634	9.608985	1.632331	3.820451	9.564472	1.597117	2.062293	1.000797	0.0	0.9698	0.28165	0.1853	17.5679	0.56845	44.6767	76.41749	5.18326	10.59093	32.23586	0.21529	10.64143	0.49069	55.31815	6.71106	0.85114	0.0	7.01339	2.52825	12.63933	13.29403	29.04879	9.2179	0.20534	0.25603	1.04883	0.65874	28.45696	4.512189999999998	0.13418	0.06689	22.05943	6.71806	5.67546	0.0	0.03023	2.2323	5.39945	2.852259999999998	22.92737	0.05886	23.14485	42.42952	62.99375	0.03142	8.210359999999997	3.90613	2.01025	12.51835	0.96084	0.0	40.63472	0.02708	6.78277	72.07342999999998	49.20143	9.71444	0.43174	4.10347	58.53378	0.67854	53.99532	4.23554	7.625019999999997	0.50467	0.0	5.43308	0.63618	2.49706	80.30504999999998	30.12845	76.41834	0.33942	1.7195	1.47316	0.0	64.69880000000001	73.15103000000001	74.13357000000001	14.21387	53.12139	8.05762	1.31914	0.40764	0.0	58.31221	24.52615	0.18164	0.2385	16.82502	19.85395	1.09986	0.05268	0.76464	14.97131	69.63956	5.76121	0.41065	0.43638	21.87388	2.79539	0.09206	28.79674	0.57894	15.04983	14.08357	0.0	3.38468	6.4113	8.133850000000001	0.28057	0.0298	4.32526	0.04191	67.80003000000001	39.96856	1.77965	0.01882	0.02425	71.79027	7.154959999999997	0.21207	0.22122	13.88307	0.15914	15.36079	4.92562	8.34868	17.61506	64.48158	34.55629	20.4509	11.26098	2.22353	0.48158	1.41604	0.0	6.863869999999999	2.6326	0.28819	70.09925	23.0115	61.22682	0.2816	1.08122	18.63032	60.22832	2.29501	1.59126	2.18832	0.06728	8.79262	3.10199	71.92088	64.71231	0.18763	81.48166	0.01879	0.32469	4.83889	1.04308	0.1838	12.5273	1.26019	25.35588	0.16661	0.52415	1.67415	47.07827	73.80493	38.75379	12.37658	0.21444	0.19722	22.37187	1.00124	0.18079	0.969	2.12991	2005	0.834878	6.161608	7.175964	3.611493	10.8193	4.097814999999997	32.698435	33.376793	4.496144	24.877401	27.961803	1.069266	19.18864	8.540816000000001	32.126661	6.254341999999998	1.309034	3.470667	3.757493	6.232316	11.772069	8.505417	47.468344	9.807272999999998	1.040053	0.340183	1.452709	1.955684	35.033423	2.675832	0.658306	1.342032	12.171537	4.114573999999997	7.305009	1.127254	0.265948	3.496502	9.001955000000001	1.560056	15.32876	24.403119	20.362303	33.214406	1.848073	6.200221	6.73606	4.318851	5.686733	24.769878	0.637612	16.547924	0.632686	4.294621	30.684125	29.80872	13.028521	1.141777	3.610483	31.363522	1.192836	24.640491	7.984909999999998	4.063955999999997	0.951996	0.973325	2.477942	1.016411	3.270465	35.677919	16.955157	34.92056	2.299763	3.216815	9.314383	2.897142	38.577825	23.390112	28.144014	7.027443999999998	30.310341	4.334477	8.699115000000001	1.338796	22.78327	43.560222	1.727733	1.651303	13.03786	9.517167000000001	1.201185	0.322844	13.653026	14.194392	68.319186	7.656397	0.882075	0.605551	11.754533	4.035175000000001	0.985009	20.958048	1.671901	10.157507	12.592504	2.971877999999998	2.361947999999999	2.612815999999997	8.264674999999998	3.496677999999998	0.667455	0.859211	5.389171999999998	0.955927	35.104526	25.304866	2.322341	0.604808	1.736546	47.305479	19.53334	2.18436	9.185560000000002	1.859103	3.896599	6.323361	2.926975	13.784162	21.294079	64.45237999999998	9.35947	11.852806	0.860021	3.858315	1.41649	21.219711	1.614031	8.515322	0.652874	45.374303	16.163601	23.49761	2.055467	8.596831	27.376796	3.545881	8.683269000000001	7.155225000000001	1.600978	6.06736	4.334678	32.723031	35.784085	3.954189	26.657331	1.480264	1.064575	6.750935999999997	0.713485	0.772029	4.097882999999997	20.0139	6.444813999999998	10.977293	4.668107999999997	0.901187	5.583399	48.992437	32.730654	42.53448	9.682791	2.000937	3.528909	9.924462	2.142735	2.193965	1.12695	4.345509999999998	48.70596	41.53846	9.77085	57.27961	10.37341	90.27854000000001	105.25745	26.10649	71.32153	105.83548	6.40169	76.22466	41.72476	92.22683000000001	34.17015	7.810919999999998	5.46039	26.47309	42.16785	30.05758	46.35288999999999	64.13805000000001	80.69296999999998	4.462129999999998	2.10993	7.95055	12.83218	52.71004	17.28144	2.48887	2.14594	64.83713	30.08626	50.76605	2.41425	4.78243	15.79859	25.5558	13.03727	82.16370000000001	1.20429	75.78266	115.21666	100.54917	5.44963	39.11037	46.52275	18.36794	39.86031	15.94434	0.9014	107.38882	0.55293	24.92241	100.48925	78.8373	53.74439	16.45818	26.22976	96.03864	13.28367	91.74901	45.611	35.46444	2.09037	7.22566	37.70501	5.3513	18.62795	125.4689	92.39673999999998	95.40511	7.90672	20.63762	12.2046	5.603179999999998	102.69257	117.44894	121.86557	73.88965	76.33654	58.73641	35.57915	12.94967	0.0	81.50288999999998	100.57358	10.74199	11.42863	81.17888999999997	24.51762	12.09177	5.027429999999998	34.66379	127.45223	111.54929	55.49291	2.852899999999998	3.28454	74.88436999999998	68.96762	5.78285	79.15562	24.46846	52.26435	44.25909	12.88076	28.93114	21.87408	86.67403999999998	40.7759	7.24093	0.27784	21.58017	0.83321	97.10859000000001	85.38704	20.63624	2.49235	13.2932	102.83683	54.87629	8.05015	15.96318	54.00144	1.23043	31.99489	20.25982	40.65511	76.42175	108.57055	52.70948	87.30513999999998	61.337	83.4242	2.42322	13.3158	7.83177	58.9165	15.91355	71.79886	102.78015	83.84041	87.87003999999997	1.27713	5.98096	71.05666	98.38386999999998	16.94226	63.92739	64.93495	4.758979999999998	46.62283	18.10104	100.8268	92.16759	15.95964	97.54636	4.10646	7.63307	46.68253	3.27327	8.018330000000001	29.59792	70.25314	57.31094	63.99608	2.21153	4.62626	63.96204	111.42183	108.75199	68.62737999999997	34.76036	2.77484	6.01032	46.86343	11.53568	11.03007	8.28415	5.147769999999999	2010	1.26732	7.710215	7.540661	4.826388	14.339959	4.918184999999998	34.414463	35.353032	8.985472	29.707875	31.32517	1.345326	18.049055	13.009023	33.033807	6.138962999999999	1.273994	4.955381999999997	3.980049	7.324008999999997	14.660621	10.024644	46.276835	11.625909	1.112234	0.361073	1.807024	1.94881	35.210681	3.487632	0.666054	1.110859	13.663266	6.804587999999997	8.41143	1.097152	0.31492	3.982852999999998	10.277072	1.541278	16.113537	26.02715	22.609828	32.921473	2.201211	8.418257999999997	7.42049	5.294900999999997	7.140765999999997	28.621404	0.528354	16.633411	0.892725	3.657071	31.157669	29.826523	13.838852	1.207249	4.611649	33.548613	1.478098	25.281311	7.486317	4.275527	0.907033	1.006468	3.049039	0.931639	3.537967	41.928904	17.100713	32.800088	3.254095	4.179517	10.335471	3.094285	35.900207	26.647282	26.833015	6.852667	30.910142	4.755962999999999	10.908928	1.465423	26.94044	42.609625	2.045229	2.172267	13.384246	11.57144	1.508915	0.36887	15.128579	15.210332	71.187589	8.38272	0.86691	0.709006	13.351213	5.368500999999997	0.961761	22.789767	1.779096	12.128461	12.996269	2.804053	2.770733	3.273568	10.130518	4.156993000000001	0.808694	1.129403	6.075661	1.07696	36.770689	24.511233	2.380602	0.648168	2.090633	46.911744	24.064302	2.428543	12.746507	2.15214	4.588176000000001	8.438610999999998	3.385855999999998	17.297265	21.466064	79.45393799999998	10.657195	14.13974	1.045822	3.999401999999999	1.727031	21.740378	1.719572	10.142351	0.756715	52.631228	19.974615	23.908662	2.441206	9.746474000000001	26.911509	4.683005	8.795072	8.124782	2.064293	7.285547999999999	4.629009999999998	33.740248	37.896799	4.315732	31.833417	1.882082	1.279474	7.792063	0.710558	0.774996	4.068733	23.230433	7.715185999999997	12.3257	7.044517999999997	1.055923	5.991778	51.120954	32.339594	42.556198	12.990735	2.782028	4.120804999999999	10.824368	2.811954999999998	2.350457	1.323894	41.3858	141.92896	92.42126	46.68924	141.78825	125.00854	101.04011	145.83654	99.0458	124.93606	124.18422	46.16922	128.07219	107.68574	113.46122	62.31841	79.94351	54.31798999999999	72.30012	82.71568	117.76162	104.10244	109.07049	136.10208	34.65875	13.72445	57.65042	44.06705	70.66367	74.97414	22.24996	23.82899	116.00213	64.04089	96.07474999999998	22.49445	17.9189	93.9578	65.14446	76.13214000000001	144.48397	8.90937	93.69580999999998	137.16782	124.72596	18.63509	89.57888999999997	102.18456	87.10561	124.33949	57.00877	3.52658	123.23911	8.26285	81.09474	156.3972	100.65709	106.94384	85.53299	91.44708	127.04358	71.48686	108.21676	116.70926	125.56855	40.07378	39.20872	73.61195	40.02703	125.0581	195.56727	120.31501	106.54128	61.4226	91.71599	91.24873	75.77769	105.18074	133.11496	149.63457	116.08663	95.39479	106.99462	121.06674	61.63228	1.77407	105.36211	160.7757	98.89870000000001	64.56158	102.39958	68.0	45.47689	39.34051	171.51547	147.15859	143.26591	104.50663	37.22984	20.38455	119.21756	156.49714	48.40908	109.33916	79.33983000000001	91.66607999999998	80.55043000000001	24.77671	88.58532999999998	91.09104	185.27609	100.09661	30.88474	1.23845	67.20691	30.69345	115.44582	114.92316	65.14174	24.53329	55.10418	115.67775	165.54324	57.13688	184.71673	27.83616	91.73157	100.13288	85.66906	122.66512	142.33333	78.26036	132.43486	114.67735	166.26488	33.40323	91.43494	61.97029	187.86146	67.10551	129.18732	34.08586	145.18272	108.4746	104.54604	5.57467	6.94683	100.4771	111.98872	83.21838	114.19259	120.54092	40.53603	169.64143	61.77617	116.05298	124.3033	57.80922	119.91404	86.36656	46.79589	103.61958	53.41728999999999	40.68539	52.18244	141.20681	106.04213	84.904	63.41982	38.37961	118.63922	145.45354	130.75642	89.85645	131.71386	76.3426	119.04812	96.20449	175.30191	46.08666	41.6164	61.24988	GDP per capita, 2000$ PPP
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Mobile broadband subscriptions	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	1.0	1.206976156641713	1.450068842011384	1.749689799443081	2.129248157052944	2.590060987377869	3.160788181813937	3.861699240230772	4.670813314849718	5.547389893576862	6.43419816123546	7.279069101057595	8.057961536542173	8.75581505721987	9.37931965190308	9.94231311424454	10.45719092882342	10.9383622104654	11.38618601864598	11.80927567529341	12.21043433313532	12.5931066567788	12.95383519848806	13.29185987989487	13.60372154745042	13.88777769569372	14.14956310081132	14.38749385635796	14.60229123415555	14.79404039766056	14.96199890203193	15.09995745040622	15.21544354648501	15.31480411797034	15.40478421263842	15.49218479332696	15.5730422515048	15.64853330479823	15.72389663205331	15.79860091758298	15.86298527063214	15.92303186715113	15.97874508279945	16.03917624022265	16.09119080091262	16.14181256163838	16.19323662103199	16.23686465365205	16.27679011919652	16.32312553179295	16.35954136571925	Fixed broadband subscriptions	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	1.0	1.116052947818908	1.248133070254273	1.391006605713066	1.533589685295048	1.675779640282277	1.814259979449598	1.95012787915984	2.083341975492557	2.216457366155409	2.350292682711271	2.485515482433395	2.623526462881243	2.764751236478547	2.910611493723865	3.060285137907493	3.213008675881042	3.370099766517505	3.531204657765978	3.694642274559364	3.862054464610372	4.033080017135069	4.207807389817966	4.384644132665115	4.564999418714174	4.74811970574056	4.935483816261446	5.126107777474068	5.320728161684055	5.51860645253952	5.721077803540234	5.926052716783357	6.134294710681699	6.34643028294146	6.560696111249685	6.777688841321714	6.994345996565741	7.211514476530963	7.4308058944318	7.648865376057053	7.867586160308924	8.0865822366292	8.30595093755634	8.52606927746068	8.747407645857423	8.969960677437802	9.192075298502452	9.414979552855474	9.63880859940462	9.864364331438224	10.0913790120331	Mobile phone subscriptions	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	1.0	1.152510978812551	1.29976237169682	1.435806436680344	1.558437403926936	1.668106356330704	1.764730311712867	1.849582129478735	1.923787498669966	1.988215164168688	2.04420531888386	2.093648088900321	2.137712313310059	2.175965043013132	2.210297817010848	2.237262570447727	2.262449203500413	2.28646682852911	2.309205559414119	2.330943991959506	2.351761376195656	2.372045664394841	2.391863190583275	2.41048071859494	2.42842076394278	2.445704389953014	2.462854180948849	2.478411227933074	2.494525391377882	2.509968534060826	2.525450237074903	2.540085325860783	2.554397985152031	2.568637458077833	2.582273934150423	2.5959645787081	2.608893549207571	2.621139151347485	2.633458647829782	2.64575084613901	2.656428362807641	2.666422768733326	2.675720991466987	2.685846279753276	2.694556572267822	2.703027458520186	2.711644710941161	2.718944407978101	2.725630127394604	2.733389224588413	2.739487238590982	Electricity generation capacity	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	1.0	1.032235515369893	1.06101542745941	1.088649622928453	1.115801622536919	1.142735590988795	1.169843262275635	1.196587481441275	1.222695057652893	1.24889088934648	1.27539621696888	1.303438393461392	1.333523483780848	1.365575066703092	1.398455047672001	1.432088610108542	1.465764695640941	1.499038616988458	1.53141754751655	1.562919138321613	1.593727121270653	1.62388121133056	1.653635744753912	1.682786329867701	1.711770633630233	1.74048355178571	1.76907090646002	1.797965550676096	1.82710811256425	1.85695952643713	1.887554492745601	1.919153365161469	1.951601094849369	1.984941007227722	2.018956074043138	2.053492650524738	2.087477028502106	2.12089115571757	2.153104607216971	2.183389676435344	2.211417611702356	2.237346069401704	2.261912383969113	2.285865122356198	2.308614577478885	2.331057545382374	2.35274071381836	2.373844003621682	2.393870777125621	2.41355054612091	2.431997145336318	Paved roads	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	1.0	1.015910653771314	1.033692068297728	1.05281372641179	1.073339317572424	1.095160544107781	1.118210513810386	1.142515287049947	1.168030484714412	1.194576347732038	1.222069147604691	1.250370927133632	1.279375577055832	1.308931666359804	1.33887041649286	1.369156694574246	1.399649291688548	1.430247310180316	1.460859441985225	1.491392128837021	1.521777608178102	1.551964667511177	1.581913252075985	1.611559166992594	1.640867913051106	1.669844824279411	1.698466547545563	1.72673851015007	1.754673193135244	1.78226630013108	1.809406935823292	1.836152626099561	1.862486261263867	1.88841723270302	1.913898006358632	1.939036213003332	1.963731269776753	1.98800536973265	2.011851155993206	2.035285207766426	2.058315214213826	2.080971926151935	2.103256089761707	2.12517688073702	2.146748762163335	2.16799667863666	2.188926069116582	2.209480293805299	2.229601914258208	2.249344305731452	2.268760919265178	Sanitation, household connections	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	1.0	1.015264716734611	1.039543716298578	1.064518992408086	1.088760627594983	1.114503161611547	1.140274870198674	1.166018012964665	1.19160744944578	1.216797427093881	1.24033936611116	1.263384217039601	1.285939313994963	1.308080035409456	1.331048742047894	1.354947403772662	1.38006572313929	1.406034663870353	1.432810525582098	1.459863546890368	1.488487295972981	1.517120695249796	1.545348946576026	1.57266778675242	1.599675764093282	1.625565156591646	1.651772184726893	1.677236155555036	1.702557658570846	1.727650071231255	1.75308920270675	1.77834632584987	1.803348353180173	1.828014265484672	1.852176197700413	1.876247687914302	1.898621307363394	1.919985822825713	1.941390656184817	1.962446413472814	1.983693098329637	2.005201463406736	2.02691852976787	2.048824930682171	2.070769461989884	2.093140544693368	2.114973359951684	2.136843300946495	2.158395634744573	2.179981833034006	2.199567075672816	Electricity, household conenctions	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	1.0	1.017191542818321	1.035210324889873	1.055266183202934	1.077135649282328	1.100829123601071	1.125342350771453	1.149531084266616	1.172925602731618	1.195671587752936	1.217151577432403	1.237915076836605	1.258728967632605	1.279319894223768	1.301067044145604	1.324050966434624	1.348157586379886	1.373221086907745	1.398650212683168	1.422984712947076	1.445768388388763	1.46863884806875	1.491057918498406	1.512364743079549	1.533299241640613	1.553099142853781	1.572863410034581	1.591881101718828	1.610765382047259	1.629183559832068	1.647438651706806	1.665334306015704	1.682794295864805	1.699868026299998	1.716464235573634	1.733062310328427	1.748950070438941	1.764418260438847	1.780145276266016	1.795543966105566	1.810885195917937	1.826238815659355	1.841716326661673	1.857458324837382	1.873268126023364	1.889648598139046	1.905602025057764	1.921696500892359	1.937301767136669	1.953153405512935	1.967876367414583	Safe water, household connections	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	1.0	1.01193097738182	1.028526520598025	1.047346461515763	1.067550480407187	1.08935444865303	1.111379967476921	1.13323662438897	1.154190585468611	1.174141927726234	1.192493429234355	1.210072777151974	1.227498153178898	1.244642451038576	1.262192071045783	1.279925756546816	1.298640163591722	1.31826121973508	1.338551108747808	1.35902396204912	1.379484932417236	1.399878088879144	1.419803393987296	1.438645458126113	1.456923602430867	1.474014520423446	1.490991875453755	1.507175194391008	1.523107852941096	1.538568280744352	1.554001514269861	1.569030122026937	1.583776466431805	1.59826246861926	1.612370221747221	1.626559231255318	1.640037700327011	1.653182482904895	1.666558476670837	1.679649689968294	1.692798632477187	1.706140635313638	1.719682616872305	1.733589455580527	1.747622783760629	1.762169869820077	1.776236455903197	1.790451903034128	1.804311488235629	1.81815412586367	1.83181731620367	Total roads	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	1.0	1.006102037525692	1.013525231001596	1.02185894571812	1.031183247680051	1.041360470332079	1.052390355975512	1.064245389566537	1.076905822904175	1.09020888175176	1.104055113986492	1.118327508092473	1.132889783868108	1.14762911821673	1.16242912266611	1.17735614647424	1.192344352518501	1.207347045143624	1.22233899923594	1.23729550507916	1.252206773385023	1.26705525454645	1.281846983279628	1.29655156092501	1.311206781115983	1.325833612044797	1.340417296383864	1.354961207050232	1.369463432506772	1.383911498832021	1.398188479322306	1.412352219178804	1.426355827025723	1.440177780129324	1.453744967087473	1.467195481778631	1.480442417765657	1.493505033948214	1.506378717845931	1.519072156188111	1.531598380699712	1.543972634747628	1.55618755597811	1.568245868168461	1.580144694226965	1.591895255463726	1.603497000599264	1.614910968201058	1.626095916692472	1.637078878340024	1.647896250637355	Irrigated acreage	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	1.0	1.00446285505178	1.009056015144506	1.012932711451397	1.01669360589064	1.020412456454318	1.024079967955843	1.027752275530967	1.031062026125496	1.034296961803604	1.037579376055859	1.040863374098065	1.04412582493344	1.047366051619509	1.050574573768438	1.053791442745856	1.056974624255574	1.060125092200684	1.063255120953305	1.066347649647092	1.069437544012836	1.07248185971375	1.07553087888764	1.078514279344823	1.081526433891736	1.08449248290821	1.087479006241544	1.090431484477188	1.09337284425193	1.096290568516155	1.099154188472064	1.102004218488396	1.104807149912445	1.107552806255148	1.110239737837805	1.112874366034587	1.1154759262299	1.118032112120374	1.120555999552477	1.123025061030037	1.125476726363137	1.127871091069895	1.13023605348257	1.132579162148422	1.134880670783068	1.137133701395474	1.139373403904544	1.141555007506047	1.1437197162837	1.145836282317227	1.14793866129682	Fixed telephone lines	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	1.0	1.015240722979189	1.012907817395955	0.996353645316358	0.969263154323672	0.93492066310295	0.896223734687492	0.855156747168495	0.813490015938326	0.772399766704188	0.732540238367525	0.694712916351603	0.659144219052987	0.625733641854261	0.594697553114107	0.566164753822218	0.539936620768316	0.51584036706616	0.493865880922515	0.473692586446444	0.455180472295336	0.438505923529336	0.423233393520271	0.409265784546834	0.396629813710981	0.385056088674873	0.374640864124089	0.365132425456736	0.356535360342436	0.348702684850487	0.341613049841041	0.335125301843626	0.329215175496174	0.323824821103878	0.318832063906594	0.314315814842851	0.310087315355984	0.306115197120611	0.302490205837794	0.299056828220208	0.295849884855976	0.292807191700892	0.289960055738717	0.287285923752186	0.284788543997433	0.282411416151859	0.280114524722073	0.27794932186403	0.27589207786779	0.273963234608193	0.272134948847307	Year
Relative to 2010

Low-income economies	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	2055.0	2060.0	0.0108015964833049	0.0112637801159737	0.0114989123595136	0.0118620980763784	0.0110505549386776	0.0102140786416141	0.00931698019977375	0.00835	0.00885	0.01085	0.01323	0.01613	0.02031	0.0258	0.0324	0.03901	0.04597	0.05413	Lower-middle-income economies	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	2055.0	2060.0	0.0659122926916513	0.0668744271929107	0.0778003128211983	0.0859529619247658	0.0893185614482229	0.0914805477334132	0.0917147773328738	0.09186	0.09671	0.1137	0.131	0.1488	0.1699	0.1889	0.2071	0.2237	0.2385	0.2509	Upper-middle-income economies	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	2055.0	2060.0	0.208180146175535	0.222480490825396	0.231850353394245	0.247615819725459	0.267398926281705	0.286821545539946	0.310758116521797	0.3649	0.3881	0.3893	0.4064	0.4198	0.4195	0.4182	0.4163	0.4134	0.4058	0.3964	High-income economies	1975.0	1980.0	1985.0	1990.0	1995.0	2000.0	2005.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	2055.0	2060.0	0.715105964649509	0.69938130186572	0.678850421425043	0.654569120273397	0.632231957331395	0.611483828085027	0.588210125945556	0.5348	0.5064	0.4861	0.4493	0.4153	0.3903	0.367	0.3442	0.3239	0.3097	0.2985	Year
Share of global total (percent)

Low-income economies	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	28.29899999999999	32.182	36.981	39.263	41.866	45.59800000000001	50.25999999999998	55.193	60.257	64.483	67.306	69.04	70.706	72.43200000000001	74.41800000000003	77.025	80.20199999999996	83.591	87.15199999999998	90.905	95.03	99.397	103.749	107.982	112.522	117.445	122.687	128.463	134.573	140.921	147.461	154.396	161.501	168.738	176.123	183.536	190.486	197.109	203.935	210.931	218.187	225.929	234.174	243.112	252.23	261.647	271.661	281.71	292.47	303.6829999999999	314.052	Lower-middle-income economies	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	207.138	210.995	221.096	232.454	245.346	263.9469999999992	285.633	309.1569999999999	331.823	352.7880000000001	368.6320000000001	380.101	388.5170000000001	396.6000000000002	405.6330000000001	415.1260000000001	428.77	443.603	459.785	474.4979999999991	489.6529999999998	506.855	523.2489999999997	539.0169999999994	553.9920000000001	568.9090000000001	584.8390000000002	601.616	619.381	639.4489999999994	660.6659999999994	682.7529999999994	706.0410000000002	729.8129999999987	753.6649999999994	777.781	799.5219999999994	820.6720000000004	840.662999999999	860.0549999999994	880.1870000000001	901.078	923.0879999999994	945.4150000000001	968.5849999999998	991.725	1013.466	1033.618	1051.666	1068.437	1081.917	Upper-middle-income economies	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	600.2080000000001	602.5609999999994	618.48	622.9019999999994	631.6970000000002	643.1399999999998	656.1549999999994	670.593	684.8639999999994	706.8049999999994	738.7839999999996	779.288	822.6320000000001	863.48	898.6820000000001	926.5850000000001	948.283	964.3299999999994	975.9479999999986	985.5260000000001	995.6350000000003	1006.179	1019.933	1037.252	1057.159	1078.134	1100.885	1125.391	1152.030000000001	1180.583	1207.803	1235.099	1263.690000000001	1294.625	1326.381000000001	1357.612000000001	1386.342	1411.704000000001	1432.919000000001	1449.471	1458.738	1469.404	1481.534000000001	1494.199	1507.678	1521.51	1535.185	1549.037	1562.495	1576.176	1590.279	High-income economies	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	882.4550000000003	894.1969999999997	891.085	890.879	898.2969999999998	907.3059999999994	914.3039999999999	918.6199999999999	920.6320000000002	921.532999999999	922.8430000000001	925.726	930.272	936.445999999999	943.463	950.79	957.981	964.6259999999994	971.7369999999999	978.9919999999994	985.8519999999986	991.9860000000002	997.6400000000001	1002.737	1009.488	1018.473	1030.009	1044.497	1061.682	1082.278	1104.392	1129.056	1153.287	1176.286	1192.696	1208.502	1220.51	1231.703	1242.438	1253.991	1265.842	1277.94	1289.578	1301.802	1314.227	1326.605	1338.56	1350.71	1362.578	1374.788	1386.936	Year

East Asia and Pacific	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	421.4329999999992	413.742	420.6949999999999	416.9309999999992	415.2619999999991	417.7670000000001	421.6130000000001	427.235	433.677	449.0290000000001	473.552	504.5860000000001	539.281	572.0980000000001	601.3760000000001	624.2639999999998	641.7669999999994	653.506	661.288	667.173	673.928	681.4140000000001	691.8209999999992	704.8749999999999	720.754	738.9369999999992	758.9870000000001	780.0430000000002	802.5619999999993	827.497	852.2929999999999	877.594	904.3890000000001	933.4310000000002	963.0979999999994	992.0619999999993	1018.895	1042.086	1060.979	1074.888	1081.434	1088.782	1096.602	1104.755	1113.639	1123.169	1133.116	1143.758	1154.8	1166.071	1177.824000000001	Europe and Central Asia	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	85.19	83.55900000000001	88.461	93.1729999999999	97.87	102.132	105.868	110.029	112.786	115.445	117.844	119.88	121.465	122.246	122.502	121.982	122.252	122.865	123.625	124.584	125.904	127.398	129.219	131.765	134.155	135.667	136.714	137.864	139.187	140.392	141.059	141.638	141.623	141.887	142.188	142.583	143.054	143.576	144.137	144.62	144.945	145.285	145.98	146.766	147.568	148.403	149.161	149.915	150.65	151.399	152.163	Latin America and the Caribbean	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	121.149	126.779	133.31	139.144	146.5	154.44	162.838	171.321	179.796	186.697	193.0	199.2550000000001	205.039	210.643	216.218	221.412	227.293	233.405	239.306	244.887	250.149	254.786	258.8220000000001	262.4349999999992	265.889	269.2639999999996	273.109	277.1850000000001	281.396	285.297	288.7090000000001	292.301	296.094	299.545	303.033	306.5330000000001	309.473	312.362	315.2850000000001	318.37	321.8250000000001	325.895	330.5149999999999	335.32	340.1879999999999	344.631	348.57	351.801	353.9349999999991	355.6539999999999	356.8629999999999	Middle East and North Africa	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	52.13300000000001	51.25300000000001	53.08600000000001	54.665	56.356	58.529	61.406	64.65000000000001	67.981	70.88399999999998	74.559	78.454	82.421	85.94	88.785	91.56900000000001	93.38199999999997	95.02000000000001	96.61300000000001	98.218	99.58399999999998	100.728	101.991	103.339	104.744	105.868	106.976	108.309	110.161	112.139	113.5	114.576	115.882	117.378	119.071	120.712	122.355	123.923	125.378	126.701	127.745	128.634	129.638	130.732	132.092	133.801	135.424	137.137	139.114	141.5	143.985	South Asia	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	111.195	121.242	125.829	130.66	138.679	150.546	164.825	179.469	193.647	206.481	215.0	220.746	223.363	226.769	231.334	237.299	245.489	254.823	264.79	272.805	280.442	289.9709999999992	298.848	307.3999999999999	315.034	322.65	331.06	340.874	351.823	364.558	378.514	393.484	409.3189999999996	425.268	441.13	456.245	470.213	483.9080000000001	497.6679999999999	512.2549999999999	528.504	546.498	566.12	586.4109999999994	606.8969999999994	626.8680000000001	645.4430000000001	661.8269999999991	675.9680000000001	688.5169999999994	697.9879999999994	Sub-Saharan Africa	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	44.545	49.16299999999998	55.17599999999998	60.04599999999998	64.242	69.27100000000001	75.49800000000001	82.23900000000001	89.057	95.54	100.767	105.508	110.286	114.816	118.518	122.21	127.072	131.905	137.263	143.262	150.311	158.134	166.23	174.437	183.097	192.102	201.565	211.195	220.855	231.07	241.855	252.655	263.9250000000001	275.667	287.6489999999999	300.794	312.36	323.63	334.07	343.623	352.659	361.317	369.9409999999999	378.742	388.109	398.01	408.598	419.927	432.164	445.155	457.425	High-income countries	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	882.4550000000003	894.1969999999997	891.085	890.879	898.2969999999998	907.3059999999994	914.3039999999999	918.6199999999999	920.6320000000002	921.532999999999	922.8430000000001	925.726	930.272	936.445999999999	943.463	950.79	957.981	964.6259999999994	971.7369999999999	978.9919999999994	985.8519999999986	991.9860000000002	997.6400000000001	1002.737	1009.488	1018.473	1030.009	1044.497	1061.682	1082.278	1104.392	1129.056	1153.287	1176.286	1192.696	1208.502	1220.51	1231.703	1242.438	1253.991	1265.842	1277.94	1289.578	1301.802	1314.227	1326.605	1338.56	1350.71	1362.578	1374.788	1386.936	Year

Low-income economies	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	9.378977091950363	10.05888677735547	10.89454845409418	11.00892479118007	11.21090402742074	11.56927917184686	12.08312497595876	12.55570594993004	12.93937773654836	13.05783818591974	12.84487710666786	12.4028333935151	11.94539710428951	11.49265524890281	11.08000988621915	10.75149494983334	10.49691578987321	10.25397261551068	10.02402720859965	9.79998986635446	9.59284660126747	9.388057727908117	9.171279606943893	8.94494215882404	8.733623776270438	8.538647659096792	8.34966693072649	8.178392511655168	8.00503716605278	7.822438782856706	7.638653625201892	7.460722674757703	7.282867059863893	7.10772368596749	6.940501542394974	6.776654628618014	6.599244339649442	6.409963314310282	6.227439331057548	6.050738991008989	5.88326814255075	5.732099952555773	5.595642465175687	5.47604803367547	5.358686551360248	5.243691665390716	5.135375415430607	5.023388150574326	4.916857911430656	4.81279066358263	4.686758488045372	Lower-middle-income economies	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	9.182161769673298	8.80469105025762	8.65776387567837	8.586928736182461	8.523299889214396	8.613423714123105	8.73246257260543	8.86596761464269	8.902973703704995	8.846724531763406	8.64065023804261	8.318874011301906	7.935713929724315	7.553182230329395	7.20329833080339	6.878449779691307	6.632810359664861	6.416006352324014	6.221761476297061	6.012972869402739	5.812952410891362	5.64291714284283	5.466728377519972	5.289735381237067	5.110998372298788	4.93823913459184	4.778708970128606	4.631319512209391	4.492920893658786	4.373623258943658	4.265962588417381	4.163157495504237	4.06862179291215	3.979184080057707	3.894146831189137	3.814593476670013	3.726922848154004	3.642785183838427	3.56010390692758	3.479179715284569	3.404383845190378	3.334704847915465	3.27353141499747	3.217951377233427	3.16937616640641	3.125070408421627	3.081294543453882	3.03807488636002	2.993668628797085	2.9513339020338	2.903666272619839	Upper-middle-income economies	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	7.57136980552234	7.13185904422879	6.872683450187544	6.570532632309996	6.326495804733187	6.124567147830945	5.911258909725854	5.713564908086976	5.519335614037209	5.391650933501153	5.33281130130054	5.324722178188587	5.32506385976504	5.300007960937509	5.238701764592382	5.133166442707926	4.994987803593951	4.831985617235259	4.656809895217623	4.483914999225854	4.326051879948017	4.17873116006814	4.052325796452527	3.946778090209038	3.860052128790674	3.779864890481858	3.708178884124416	3.643811029425645	3.586472886363982	3.534481963703349	3.48325892757363	3.431470620144833	3.381836501349119	3.33842821036498	3.297499773703848	3.258408911583198	3.216975611965647	3.172423432944798	3.124289472864853	3.071970101577323	3.011984482871615	2.96219357033586	2.921690896653951	2.887701090771741	2.858867483234738	2.832946110718246	2.809445039511401	2.787647736627172	2.767050393293421	2.747492400005144	2.728430305236685	High-income economies	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	2.869340043823642	2.838945497429073	2.758014921325457	2.707422094440476	2.683069396240165	2.66590624346236	2.641586525939453	2.61223151772693	2.576413211195181	2.539180857901588	2.504449342626249	2.475368078659998	2.451731742166095	2.433675528970323	2.418333196840176	2.404652003513736	2.390784048472286	2.376491608015394	2.363442399237812	2.350946210751635	2.338273277927544	2.324010693692544	2.308814464596262	2.29409422369213	2.281096270615214	2.273544550812144	2.271967483709032	2.275340817951756	2.284803509269773	2.299783304287788	2.31842812289639	2.340953668417975	2.361399703151941	2.378344454006956	2.381869167863347	2.384111886451991	2.380339481410871	2.375471233464436	2.370411439060358	2.366541706454513	2.36358816255435	2.360025103868137	2.355571899359834	2.352063168897425	2.348860030067007	2.345872297106773	2.342918389317119	2.339931717531813	2.336461835253357	2.333262872071738	2.330344557929788	Year

East Asia and Pacific	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	10.27740228879873	9.272262881523178	8.661032159430767	8.028671529855618	7.495549730565108	7.082705339235479	6.660922272309243	6.30169860524391	5.97712501715913	5.79169109811369	5.715431261291565	5.701999326047017	5.713083156521321	5.687371614915976	5.619013092243695	5.490449031701761	5.320736793294499	5.114151349004473	4.8917590820044	4.672782058144031	4.47614359089894	4.29877120377063	4.152437985719361	4.032298892900481	3.934576181215174	3.852313381080026	3.781083379148826	3.714896815142114	3.652811375609854	3.59846671277939	3.545862591724413	3.492349886824166	3.441874728697889	3.398116994585838	3.356613827277167	3.31537417373974	3.271025592104606	3.220989126164294	3.165475571995006	3.103740321709786	3.030865425846466	2.970085685169696	2.919394897808985	2.876478792421262	2.840323043805577	2.8088242027897	2.780666339941147	2.75553834639367	2.73266806228041	2.711434105048232	2.690748796509565	Europe and Central Asia	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	7.597485757501166	7.123383664784352	7.205430647088574	7.317477346158851	7.392468549718067	7.399529070820503	7.361130521908231	7.329676566671814	7.187392462497288	7.034979591886477	6.866061575714636	6.687836260702873	6.511437163947872	6.298742786479803	6.099287813971274	5.869643881388752	5.679788738545365	5.512852554021379	5.357481037008967	5.207710240233347	5.066390136667469	4.924395428203002	4.782574741725265	4.674964626875617	4.61411574446833	4.519733920475311	4.414279879305865	4.321366698356605	4.23753995137334	4.164534594155719	4.100440278666791	4.035439660863291	3.959505533600697	3.890840276381917	3.830323366378721	3.77181152661243	3.720692401364745	3.67183076475333	3.627300800695377	3.587942805284017	3.555699581960905	3.530045783565197	3.513143483681981	3.498521841983691	3.482005853209178	3.462021182288994	3.443164051724675	3.423973915537942	3.402964792133403	3.381757109163793	3.361064068578846	Latin America and the Caribbean	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	4.267948341721927	4.263551292493763	4.303876749832119	4.324222189142147	4.378654046578709	4.455772048195276	4.524167530725473	4.576238317732046	4.617456531252487	4.610527631136046	4.580629160095362	4.54357642206383	4.492328671621308	4.43439809439803	4.376385596696401	4.307694343043151	4.25266272034355	4.20127832044627	4.149620500449372	4.095514679996874	4.037393694184	3.973463664280637	3.902814899704826	3.830199429866782	3.757602959966094	3.687312947923604	3.628341956838103	3.574949084527487	3.5278797354529	3.478867698965157	3.429078486748633	3.385098253211894	3.345231118804206	3.306240217289447	3.26851414319732	3.235020407456822	3.19839245828705	3.163233489309976	3.129394872491191	3.097210098284397	3.067592553935584	3.043532142816785	3.024749657271607	3.009589453835626	2.996723572361446	2.982629778161117	2.967036250242272	2.949362078605222	2.930078549632848	2.908856368152302	2.88507332718531	Middle East and North Africa	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	7.942115622505375	7.673937390325268	7.655478932507304	7.692697390548104	7.667608178636923	7.645422922030506	7.665822759526399	7.703425849908899	7.725912565958514	7.672250598278385	7.676159727212638	7.703751128009292	7.701112265568351	7.675585493375632	7.583062657099688	7.470397908885768	7.265990399885454	7.034178170062474	6.798269840923596	6.591643971496027	6.439535270203247	6.26157011692889	6.105245766805724	5.93402340327058	5.766422031581434	5.596980206394847	5.428008209801528	5.28291229631017	5.171351087706088	5.08869214816966	4.98900660307112	4.880228336894885	4.783215282249411	4.69684468136699	4.619278371352411	4.548966051580977	4.478746134105056	4.418211060020543	4.357752965199636	4.297718631565631	4.23628203368068	4.166526307606585	4.107164298927846	4.057770746443946	4.013472228341204	3.975774698275722	3.946901721202852	3.920332660967566	3.891631624059777	3.86490266864018	3.835232948083116	South Asia	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	9.05510753016537	9.180646148114604	8.881718957676151	8.588910274613741	8.48669736701192	8.57064293200632	8.73014695990144	8.8533280450843	8.86832226512321	8.774432562812023	8.468551149064227	8.05472716147	7.544566421253128	7.089327103376398	6.695379535756841	6.362179805128266	6.102796075937595	5.879080897434063	5.67771124703157	5.444097941677777	5.215945756336485	5.034042208936421	4.848985186685145	4.666997435428734	4.480038180026618	4.302473272059927	4.140945755686944	4.000414976424027	3.874721419354896	3.769191385319841	3.677447780472746	3.593605587804442	3.516544863376588	3.442184035449797	3.370714827958908	3.296907376662698	3.218852287036742	3.143959315669023	3.071111509620873	3.003261372238726	2.944872077619664	2.896491522364945	2.858712002086114	2.826865497379916	2.798570024635285	2.771509742161718	2.742225539524758	2.708567342558566	2.670967285621514	2.633282794164943	2.588082048060917	Sub-Saharan Africa	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	8.247577291528568	8.656113050811944	9.201306086509883	9.561815162020263	9.762524561315528	10.00036091441276	10.33092682499631	10.64519135430124	10.87272887096105	10.9768021130976	10.97119227758368	10.82254323816714	10.64360998329427	10.39459556353852	10.04375360693956	9.708251974458726	9.436373614214547	9.169378911088895	8.918196856154177	8.696391163385563	8.49683695463541	8.32295161778445	8.13242402301325	7.932877714069501	7.743978440004756	7.555408373240368	7.375887199588988	7.20002181876448	7.019900976661146	6.835597764992934	6.665900455372045	6.492526996197326	6.327183912303328	6.174190808694084	6.024797158522775	5.907306077223073	5.759007760353299	5.610280770603604	5.472712123907692	5.33316798928968	5.198453048251435	5.066617344376064	4.94114821748366	4.822764898901886	4.716241588946484	4.617353946787137	4.52675111399503	4.44306779448509	4.36629100167038	4.295841220775284	4.214534817350794	High-income countries	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	2041.0	2042.0	2043.0	2044.0	2045.0	2046.0	2047.0	2048.0	2049.0	2050.0	2051.0	2052.0	2053.0	2054.0	2055.0	2056.0	2057.0	2058.0	2059.0	2060.0	2.869340043823642	2.838945497429073	2.758014921325457	2.707422094440476	2.683069396240165	2.66590624346236	2.641586525939453	2.61223151772693	2.576413211195181	2.539180857901588	2.504449342626249	2.475368078659998	2.451731742166095	2.433675528970323	2.418333196840176	2.404652003513736	2.390784048472286	2.376491608015394	2.363442399237812	2.350946210751635	2.338273277927544	2.324010693692544	2.308814464596262	2.29409422369213	2.281096270615214	2.273544550812144	2.271967483709032	2.275340817951756	2.284803509269773	2.299783304287788	2.31842812289639	2.340953668417975	2.361399703151941	2.378344454006956	2.381869167863347	2.384111886451991	2.380339481410871	2.375471233464436	2.370411439060358	2.366541706454513	2.36358816255435	2.360025103868137	2.355571899359834	2.352063168897425	2.348860030067007	2.345872297106773	2.342918389317119	2.339931717531813	2.336461835253357	2.333262872071738	2.330344557929788	Year

Roads (paved, unpaved)	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	High-income	Upper-middle-income	Lower-middle-income	Low-income	0.33	0.239	0.172	0.875	0.723	0.218	1.397	0.992	0.28	1.92	1.72	0.661	Electricty generation, access (rural, urban)	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	High-income	Upper-middle-income	Lower-middle-income	Low-income	0.551	0.33	0.213	3.335999999999998	1.143	0.341	2.306	1.685	0.541	1.389	2.238	1.194	Water, sanitation, irrigation, wastewater	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	High-income	Upper-middle-income	Lower-middle-income	Low-income	0.0563	0.0463	0.0311	0.584	0.21	0.064	1.217	0.506	0.147	1.695	0.983	0.35	Fixed line telephones	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	High-income	Upper-middle-income	Lower-middle-income	Low-income	0.021	0.003	0.001	0.147	0.012	0.002	0.141	0.018	0.004	0.044	0.035	0.011	Mobile phones	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	High-income	Upper-middle-income	Lower-middle-income	Low-income	0.048	0.032	0.021	0.571	0.127	0.046	2.445	0.409	0.111	2.925	1.361	0.317	Broadband (fixed, mobile)	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	High-income	Upper-middle-income	Lower-middle-income	Low-income	0.094	0.066	0.05	0.218	0.264	0.105	0.165	0.724	0.23	0.095	2.158	0.618	Percent of GDP
Low-income economies	Total	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	All-season road	Electricity total	Water	Sanitation	Mobile communications	35.0	0.0	0.0	1.0	0.0	0.0	1.0	0.0	1.0	7.0	0.0	0.0	0.0	0.0	27.0	35.0	Lower-middle-income economies	Total	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	All-season road	Electricity total	Water	Sanitation	Mobile communications	52.0	0.0	4.0	11.0	3.0	5.0	18.0	7.0	14.0	27.0	3.0	0.0	9.0	0.0	47.0	52.0	Upper-middle-income economies	Total	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	All-season road	Electricity total	Water	Sanitation	Mobile communications	47.0	2.0	11.0	25.0	22.0	26.0	33.0	15.0	25.0	38.0	5.0	0.0	12.0	0.0	45.0	47.0	High-income economies	Total	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	All-season road	Electricity total	Water	Sanitation	Mobile communications	49.0	36.0	36.0	43.0	37.0	37.0	45.0	44.0	44.0	44.0	22.0	22.0	36.0	49.0	49.0	49.0	East Asia and Pacific	Total	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	All-season road	Electricity total	Water	Sanitation	Mobile communications	19.0	0.0	3.0	8.0	3.0	4.0	8.0	3.0	7.0	13.0	1.0	0.0	1.0	0.0	15.0	19.0	Europe and Central Asia	Total	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	All-season road	Electricity total	Water	Sanitation	Mobile communications	22.0	1.0	5.0	10.0	1.0	1.0	3.0	11.0	14.0	16.0	3.0	0.0	10.0	0.0	21.0	22.0	Latin America and the Caribbean	Total	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	All-season road	Electricity total	Water	Sanitation	Mobile communications	27.0	1.0	4.0	12.0	10.0	15.0	21.0	4.0	10.0	18.0	1.0	0.0	7.0	0.0	25.0	27.0	Middle East and North Africa	Total	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	All-season road	Electricity total	Water	Sanitation	Mobile communications	13.0	0.0	1.0	3.0	9.0	8.0	10.0	2.0	3.0	7.0	3.0	0.0	2.0	0.0	13.0	13.0	South Asia	Total	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	All-season road	Electricity total	Water	Sanitation	Mobile communications	8.0	0.0	1.0	1.0	1.0	2.0	4.0	1.0	3.0	7.0	0.0	0.0	0.0	0.0	8.0	8.0	Sub-Saharan Africa	Total	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	All-season road	Electricity total	Water	Sanitation	Mobile communications	45.0	0.0	1.0	3.0	1.0	1.0	6.0	1.0	3.0	11.0	0.0	0.0	1.0	0.0	37.0	45.0	high-income countries	Total	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	2010	2030	2060	All-season road	Electricity total	Water	Sanitation	Mobile communications	49.0	17.0	36.0	43.0	37.0	37.0	45.0	44.0	44.0	44.0	37.0	22.0	36.0	1.0	49.0	49.0	World
EIA IEO2011 Reference Case	2005.0	2009.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	4110.0	4750.0	4907.0	5312.0	5796.0	6269.0	6769.0	7272.0	Gordon Hughes	2005.0	2009.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	3159.0	3472.0	3807.0	4148.0	4509.0	4887.0	5277.0	5674.0	6062.0	6450.0	IEA WEO2011 Current Policies	2005.0	2009.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	4957.0	6955.0	8346.0	9126.0	IEA WEO2011 New Policies	2005.0	2009.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	4957.0	6196.0	6941.0	7594.0	8293.0	9038.0	IFs Base Case	2005.0	2009.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	4102.0	4816.0	4986.0	5697.0	6358.0	7140.0	7946.0	8677.0	9411.0	10237.0	11025.0	Year
Gigawatts

Non-OECD
EIA IEO2011 Reference Case	2005.0	2009.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	1748.0	2220.0	2348.0	2628.0	2998.0	3352.0	3722.0	4091.0	Gordon Hughes	2005.0	2009.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	1298.0	1491.0	1709.0	1939.0	2192.0	2463.0	2753.0	3056.0	3359.0	3666.0	IEA WEO2011 Current Policies	2005.0	2009.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	2342.0	3829.0	4963.0	5614.0	IEA WEO2011 New Policies	2005.0	2009.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	2342.0	3195.0	3791.0	4303.0	4848.0	5443.0	IFs Base Case	2005.0	2009.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	1724.0	2248.0	2371.0	2879.0	3343.0	4025.0	4751.0	5398.0	6065.0	6812.0	7541.0	Year
Gigawatts

OECD
EIA IEO2011 Reference Case	2005.0	2009.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	2363.0	2530.0	2560.0	2684.0	2798.0	2917.0	3047.0	3181.0	Gordon Hughes	2005.0	2009.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	1861.0	1981.0	2098.0	2209.0	2318.0	2424.0	2523.0	2618.0	2703.0	2784.0	IEA WEO2011 Current Policies	2005.0	2009.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	2614.0	3127.0	3383.0	3512.0	IEA WEO2011 New Policies	2005.0	2009.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	2614.0	3000.0	3149.0	3291.0	3446.0	3595.0	IFs Base Case	2005.0	2009.0	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	2378.0	2568.0	2614.0	2818.0	3016.0	3115.0	3195.0	3279.0	3346.0	3425.0	3483.0	Year

Roads investment in LAC
IFs base case	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	0.214	0.319	0.404	0.478	0.54	0.597	0.651	0.702	0.749	0.782	0.81	0.835	0.851	0.861	0.865	0.862	0.854	0.841	0.825	0.805	0.782	0.758	0.732	0.705	0.678	0.651	0.624	0.597	0.57	0.544	0.518	Kohli and Basil	0.51	0.5	0.47	0.44	0.41	0.39	Year
Percent of GDP

Electricity investment in LAC
IFs base case	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	0.863	0.833	0.772	0.762	0.777	0.808	0.837	0.856	0.868	0.859	0.837	0.812	0.788	0.766	0.751	0.741	0.734	0.731	0.729	0.723	0.711	0.695	0.673	0.648	0.621	0.595	0.573	0.554	0.538	0.524	0.512	Kohli and Basil	2.28	2.39	2.49	2.56	2.63	2.71	Year
Precent of GDP

Water and sanitation investment in LAC
IFs base case	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	0.178	0.171	0.193	0.208	0.216	0.224	0.225	0.222	0.213	0.2	0.184	0.17	0.158	0.147	0.139	0.131	0.127	0.124	0.122	0.122	0.123	0.121	0.119	0.115	0.112	0.109	0.105	0.102	0.099	0.094	0.092	Kohli and Basil	0.14	0.12	0.1	0.09	0.08	0.07	Year
Percent of GDP

ICT investment in LAC
IFs base case	2010.0	2011.0	2012.0	2013.0	2014.0	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	2026.0	2027.0	2028.0	2029.0	2030.0	2031.0	2032.0	2033.0	2034.0	2035.0	2036.0	2037.0	2038.0	2039.0	2040.0	0.598	0.488	0.466	0.449	0.423	0.4	0.378	0.356	0.337	0.318	0.303	0.289	0.278	0.267	0.257	0.242	0.234	0.227	0.222	0.216	0.211	0.206	0.202	0.197	0.194	0.189	0.186	0.183	0.179	0.177	0.174	Kohli and Basil	0.33	0.23	0.15	0.14	0.12	0.11	Year
Percent of GDP

Low-income economies IFs	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	1.0	1.347317351598174	1.82277397260274	2.40953196347032	3.125	4.052511415525114	5.19406392694064	6.48116438356165	7.839611872146118	Lower-middle-income economies IFs	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	1.0	1.22015503875969	1.490542635658915	1.758139534883721	2.035348837209302	2.271317829457364	2.507286821705426	2.735813953488372	2.953798449612403	Upper-middle-income economies IFs	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	1.0	1.074907521578298	1.149198520345253	1.196824907521578	1.265721331689273	1.324290998766954	1.355117139334155	1.366368680641184	1.365598027127004	High-income economies IFs	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	1.0	1.028769841269841	1.057291666666667	1.09077380952381	1.12921626984127	1.148313492063492	1.153521825396826	1.151289682539683	1.145089285714286	Low-income economies HCS	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	1.0	1.279795918367347	1.587551020408163	1.958775510204082	2.397959183673461	2.910204081632653	3.49795918367347	4.118367346938776	4.797959183673468	Lower-middle-income economies HCS	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	1.0	1.166330419188523	1.326384218785026	1.489576328177538	1.655458417395203	1.824478816408877	1.997758350145707	2.166330419188522	2.333557498318763	Upper-middle-income economies HCS	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	1.0	1.101531480431083	1.192711287577992	1.282189449801475	1.366704480998298	1.446398184912081	1.520136131593874	1.588201928530913	1.6505955757232	High-income economies HCS	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	2050.0	1.0	1.060200668896321	1.118433995671847	1.175683651386976	1.232146370253787	1.287035215423962	1.34094038953374	1.392878221522723	1.444225850875467	Year

Low-income countries IFs	2010	2015	2020	2025	2030	2035	2040	2045	2050	1.0	1.369041129436707	1.736349592664096	2.173880518156094	2.660020027138953	3.20739047274	3.82253338275821	4.472052300912515	5.094266770212902	Lower-middle-income countries IFs	2010	2015	2020	2025	2030	2035	2040	2045	2050	1.0	1.14341686667798	1.094000064650122	1.015717858787972	0.958761505701333	0.924825040608358	0.908283566208459	0.901120534764256	0.896124090520945	Upper-middle-income countries IFs	2010	2015	2020	2025	2030	2035	2040	2045	2050	1.0	0.966093822573154	0.772882264996452	0.593095905188559	0.460854663182808	0.368727806661373	0.305057829038915	0.259998706544298	0.226327399431448	High-income countries IFs	2010	2015	2020	2025	2030	2035	2040	2045	2050	1.0	0.83210370720771	0.564488237410489	0.374808052260211	0.259858720060255	0.191417309694096	0.149656405041447	0.122906423951076	0.104849509370171	Low-income countries HCS	2010	2015	2020	2025	2030	2035	2040	2045	2050	1.0	1.261518064302287	1.55203844879019	1.910838581372224	2.346702021876036	2.86377195889957	3.475306595956248	4.11667219091813	4.829300629764666	Lower-middle-income countries HCS	2010	2015	2020	2025	2030	2035	2040	2045	2050	1.0	1.244580924855491	1.500361271676301	1.800578034682081	2.153179190751445	2.56864161849711	3.05635838150289	3.571170520231214	4.152817919075135	Upper-middle-income countries HCS	2010	2015	2020	2025	2030	2035	2040	2045	2050	1.0	1.195226730310263	1.37326968973747	1.570405727923628	1.781861575178998	2.009546539379475	2.254415274463007	2.490692124105012	2.73508353221957	High-income countries HCs	2010	2015	2020	2025	2030	2035	2040	2045	2050	1.0	1.076989769377493	1.151031732269811	1.227501300502861	1.306225073695162	1.384948846887463	1.464366221605688	1.538754985260968	1.612623547771805	Year

East Asia and the Pacific HCS	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	1.0	0.826522327469553	0.756427604871448	0.684100135317997	0.618403247631935	0.552503382949932	0.487144790257104	0.442016238159675	Europe and Central Asia HCS	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	1.0	0.866977225672878	0.833333333333333	0.791407867494824	0.749482401656315	0.714803312629399	0.647515527950311	0.614906832298137	Latin America and Caribbean HCS	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	1.0	0.895567124152074	0.843823946994794	0.791134248304149	0.73828679602461	0.690645212178577	0.613109323237104	0.57493295472472	Middle East and North Africa HCS	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	1.0	0.886761686193985	0.826971856504409	0.770745259089262	0.719410556830535	0.669887667592704	0.598562628336756	0.553871240487982	South Asia HCS	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	1.0	0.867637224137044	0.801687329595144	0.747620762384896	0.700704768763825	0.64823293379289	0.573074746643346	0.505684448788518	Sub-Saharan Africa HCS	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	1.0	0.920573583500163	0.910331020997253	0.890777038037153	0.869127985474184	0.840355696261465	0.784300945109176	0.757204711578751	High-income countries HCS	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	1.0	0.937554458321231	0.906549520766773	0.878521638106303	0.84417659018298	0.815640429857682	0.774034272436828	0.750653499854778	East Asia and the Pacific IFs	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	1.0	0.611345029239766	0.450760233918129	0.41953216374269	0.299766081871345	0.226900584795322	0.189239766081871	0.159766081871345	Europe and Central Asia IFs	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	1.0	0.969346049046322	0.874489100817439	0.702656675749319	0.563181198910082	0.470708446866485	0.388453678474114	0.327656675749319	Latin America and Caribbean IFs	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	1.0	1.056454796683774	1.110540860639558	0.999605211212002	0.900118436636399	0.761152783260955	0.637189103829451	0.546782471377813	Middle East and North Africa IFs	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	1.0	0.914258941121349	0.949867249726691	0.904419803217242	0.722942370763705	0.594565047633922	0.492737779166016	0.425894112134937	South Asia IFs	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	1.0	0.908146247594612	0.894547787042976	0.625272610647851	0.477870429762668	0.360615779345734	0.277742142398974	0.229377806286081	Sub-Saharan Africa IFs	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	1.0	1.310577070258687	1.52625133935405	1.411602632787387	1.15291596510026	0.937241696004898	0.757844787999388	0.667074850757692	High-income countries IFs	2010.0	2015.0	2020.0	2025.0	2030.0	2035.0	2040.0	2045.0	1.0	0.877200743165531	0.779969919490401	0.701229762010086	0.647881093514996	0.59214367866938	0.555870122976201	0.526585862160489	Year

2030 Base case	Road access	Electricity	Improved water	Improved sanitation	ICT	74.1	87.43	92.45	73.94	87.55	2030 Universal Targets	Road access	Electricity	Improved water	Improved sanitation	ICT	79.39	92.21	96.59	91.55	100.0	2010	Road access	Electricity	Improved water	Improved sanitation	ICT	71.45	78.14	88.48	63.77	8.693	
Low-income economies	Road access	Electricity	Improved water	Improved sanitation	ICT	51.70894327959972	56.2267004405109	80.64897001709741	57.98947205471188	100.1955849140099	Lower-middle-income economies	Road access	Electricity	Improved water	Improved sanitation	ICT	83.31241499879578	97.13864397245193	98.68318445921066	95.01015003470924	99.9972611812024	Upper-middle-income economies	Road access	Electricity	Improved water	Improved sanitation	ICT	95.33597020018807	99.9452305413156	99.97584979137483	99.75583113734453	100.1902132396245	High-income economies	Road access	Electricity	Improved water	Improved sanitation	ICT	97.22443901162538	99.0646861305341	99.95564415166125	98.7975854513292	102.5271139072921	

East Asia and Pacific	Road access	Electricity	Improved water	Improved sanitation	ICT	94.95105825504886	98.467691491183	99.90229695489017	99.54497094166586	100.0103595429019	Europe and Central Asia	Road access	Electricity	Improved water	Improved sanitation	ICT	90.51865712391897	98.96410054946383	99.25746239682417	99.25803422651457	101.242374393855	Latin America and the Caribbean	Road access	Electricity	Improved water	Improved sanitation	ICT	79.12478799142235	99.02435448102423	99.2512189071788	97.22828802297661	99.98104471498247	Middle East and North Africa	Road access	Electricity	Improved water	Improved sanitation	ICT	80.16088058132901	97.90077683344045	98.28353171048865	97.29527515154731	100.0147121983152	South Asia	Road access	Electricity	Improved water	Improved sanitation	ICT	81.13131081603316	96.16867563917927	99.34618199507907	94.71197958218068	100.0004232168328	Sub-Saharan Africa	Road access	Electricity	Improved water	Improved sanitation	ICT	52.80396739257144	63.42752438001192	81.7876945599323	61.15170181364466	100.1528191472207	High-income countries	Road access	Electricity	Improved water	Improved sanitation	ICT	97.22443901162538	99.0646861305341	99.95564415166125	98.7975854513292	102.5271139072921	
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