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Economics of infrastructure

Deciding how to allocate society's resources to infrastructure systems involves at least two levels of choices.  First, how much of society's resources should go to public goods-such as roads, health care, defense, welfare, etc-and how much should be left for private consumption of automobiles, entertainment, clothes, and other private matters?  This question is decided in the United States and other free nations by government decisions about tax rates and budgets.

Next, of the public component of resource allocation, how much should go to capital investment, operation, and maintenance of infrastructure, and how much should go to other public programs such as government pensions and aid to education?

These are complex questions, but the issue is even more complex than these questions imply.  For example, what parts of infrastructure constitute public goods versus private goods?  In a "transportation system," some choices are about public issues - for example, when to resurface a road-and other choices are private, such as how many passengers take a given automobile trip.  The result is a complex mixture of economic issues relating to infrastructure. 

Infrastructure definition

Those who write about infrastructure usually devote several paragraphs to explainwwhat it is, and policy reports vary in the categories that they include (Stone, 1974; Grigg, 1988; Hudson, Haas, and Uddin, 1997).  

One dictionary definition of infrastructure is "the basic facilities, equipment, and installations needed for the functioning of a system" (Websters II, 1984).  Engineering definitions normally add a conceptual level to this by specifying what the systems do and say that infrastructure is physical assets arrayed in systems that provide essential public services.  This definition has three conceptual ideas about infrastructure - what it is, how it is organized, and what it does.  

The usual systems included in the definition are those that provide transportation, communications, water, energy, waste management, and the built environment.  Thus, since they do different things, it makes infrastructure a highly-general concept.

Another issue is that definitions sometimes try to specify that infrastructure mainly involves public facilities.  This confuses an already-confused public-private dividing line and creates a dilemma in discussing privatization.

There are two basic ways to clear up the confusion.  One is to adopt, as some have, the modifier "public works" infrastructure.  The other is to use a definition that relates the built environment to its flows (transportation and communication), its basic inputs (water and energy), and facilities to handle its waste products (Figure 1).  

Figure 1

Infrastructure systems matrix

With this definition the resulting array of systems and components is shown by the Infrastructure Systems Matrix in Table 1.

Table 1

Table 1 shows five levels of infrastructure systems, each more disaggregated.  The most general level is the "civil infrastructure system (CIS)" consisting of the six systems shown in level 2.  This is the conceptual framework developed by the National Science Foundation (1995) for research on CIS which they explain are "the constructed physical facilities which support the day-to-day activities of our whole society, and provide the means for distribution of resources and services, for transportation of people and goods, and for communication of of information.  

Each of the six systems at level 2 are large and complex industries unto themselves, and infrastructure can be thought of as an umbrella or a "coalition" organizing concept for them.

Each of the six subsystems of CIS has at least three subsystems at level 3 which are complex enough to have their own government agencies, regulatory laws, and trade associations.  (See Table 2, the Infrastructure Organization Matrix.)  It is difficult to classify these organizational concepts, but for example, water supply is shown at level 3. Transportation might be more difficult, with DOT at level 2, and roads at level 3 with the Federal Highway Administration (FHWA) being the agency.  

Table 2 - Infrastructure Organization Matrix

Level 3 disaggregates into subsystems at level 4 that are still complex enough to be considered systems and to be divisions of agencies and associations and to be the subjects of textbooks and annual specialty conferences.

Level 5 breaks these subsystems into elements that are, for the most part, components rather than systems.  For example, the water system has been disaggregated to water supply, treatment, and distribution, then filters are components of treatment.  You could still refer to a filter as a system, of course, if such as conceptualization is useful.  

Table 3 shows sample components derived from the Infrastructure Systems Matrix shown in Table 1.  The list is very general and serves only to illustrate how different types of components can be derived from the systems involved in infrastructure.

economic questions

Economic issues

The infrastructure management arena faces many economic issues, and they are summarized on Figure ..., "Infrastructure at a glance."

(explain diagram)

An infrastructure "crisis?"

In the past two decades, much attention has been focused on society's investment in infrastructure.  It became clear that increasing demands and past neglect have created enormous capital investment needs.  This news is not all bad for civil engineers, of course, since fixing the problems increases business opportunities and employment.  

In 1981 Pat Choate and Susan Walter weaved a collection of federal reports on facility needs into a booklet entitled "America in Ruins: Beyond the Public Works Pork Barrel."(Choate, Pat and Susan Walter, America in Ruins: Beyond the Public Works Pork Barrel, Council of State Planning Agencies, Washington, 1981).  The media picked up the theme and by 1982 there were several national cover stories about infrastructure.  Newsweek had a cover story on August 2, 1982 entitled "The Decaying of America."(Newsweek, "The Decaying of America, August 2, 1982)  US News followed on September 27 with a story entitled "To Rebuild America: $2,500,000,000,000 Job." (US News and World Report, To Rebuild America: $2,500,000 Job, September 27, 1982.)

Since these initial spectacular media stories, needs estimates have settled down some, but they still amount to more than $one trillion for a 20-year period, depending on how they are estimated.

Studies such as the policy report "Hard Choices" made recommendations in four areas: a national infrastructure "fund", a coordinated national needs assessment, a review of technical standards, and reevaluation of statutory and administrative rules that govern the use of assistance programs. (University of Colorado at Denver, Hard choices: a report on the increasing gap btween America's infrastructure needs and our ability to pay for them, Denver, February 1984)

These are all economic issues and questions.  An infrastructure bill of $ one trillion over 20 years would not look so large.  For the US, it would amount to some $200 per year per capita, not much compared to the total wealth of the country.  According to a Commerce Department study reported in US News and World Report, the total wealth of the US is some $12.5 trillion.(12)  For a population of 250 million that comes to about $50,000 per capita.  

Much of our wealth is in structures, equipment, housing and land, and certainly more than $200 per year per capita, or 0.4% of the wealth could be devoted to upgrading and replacing infrastructure.

Driving forces and problems

As you see from Figure ..., many economic issues relate to resource allocation to infrastructure.  Driving forces include growth, demographic changes, increased expectations of people, patterns of living, deteriorating systems, influence of telecommunications, and increasing complexity of systems.  So, how does society decide to invest resources in transportation, water, energy, communications, built environment, and waste management?

