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Perhaps the most fundamental question of econamité/hat leads to economic growth?”
Sustained growth can make a huge difference img$hinat matter — infant mortality, education,
quality of life — within a single generation. Moreer, it is clear that policies matter: at the end
of World War 1, North Korea was the richer, relegly well-developed portion of the Korean
peninsula, whereas today South Korea is over fiftemes richer per person.

Governments have played a substantial role in drowith contributions that are both positive
and negative. While some economists argue thargavent only harms growth, the empirical
evidence doesn’t corroborate this position. Moszpthere are sound theoretical reasons for
government involvement in coordination and pubbods. Most of the empirical literature is
consistent with a finding that government involvenia transportation and communication
enhances economic growth. This note governmerbeeginvolvement in, either through
regulating, subsidizing or operating, public netkgor Economics has recently developed new
tools for operating public networks and exchangédsch can be brought to bear on this
critically important problem.

Public Networ ks

There are many distinct networks that are eitherated by the government, subsidized by the
government or heavily regulated by the governmé&arly networks included roads and mail,
both of which had private provision. The developitn# a rail network was heavily subsidized
by the US and European governments. In most cttiessubway and trolley networks
developed either as a public operation or with turiigl public assistance. While phone
networks were primarily developed privately, theyne under substantial regulation as a public
entity. Similarly, electrification involved a mix public and private development. The airwaves
for commercial television were granted without deand most nations offered public television
as well. In all of these examples, the governmeeititated network deployment with
investment, creation of rights-of-way, or both. cbmtrast to these examples, financial markets
developed without substantial public input.

The networks with substantial public involvemengitally involve transportation — of goods
(highways, rail, water), of people (highways, &xd trolleys), of power (electric grid, oil, gas
and gasoline pipelines), and of information (ptegphone, television, satellite). These
networks have the benefit of connecting us to edlcar and reducing the costs of operating
many, even most, businesses.

While there are substantial private consumptioreetspto these networks, there are also
significant external effects as well. Communicatiovolves several people; much of the value
of telephone networks is lost when few participal®e mail service is often credited with
unifying the nation. The construction of canalshie United States opened up development of
much of the eastern portion of the country, and-#ilenetwork made development of the west
possible. Without the lowered transport costejas prohibitively costly for farmers and
ranchers to get goods to market. The Panama Cantihues to have a substantial impact on
east/west trade. The interstate highway systetmeiftunited States had dramatic effects on
trucking costs, which cascaded through other base® For example, the consolidation of the
beer industry is often attributed to the interstaghway system.
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Transport — of goods and information — is a critinput to economic development.
Governments have been heavily involved in the myeaif transport networks, and there is a
solid economic reason for this. First, transpdierois a local natural monopoly. Once a pair of
cities is connected by a rail line, the construttd a second rail line, with resulting excess
capacity, subjects the operators to ruinous coripeti Consequently, only the largest cities
were connected by multiple rail lines. Lacking gmtition, it would be surprising for privately-
operated transport networks to be priced near geerauch less marginal, cost. Second, new
forms of transport are subject to a coordinatiavbfgm. For example, a rail line to an
undeveloped area will be successful only if develept occurs; thus the rail operator has to
forecast the development of the area and the deeeddorecast the installation of the rail line.
As everyone on the web knows, “Build it and thell s@me” is a wish or a hope, not a
guarantee. Sometimes they come, sometimes théty don

The combination of substantial scale economiescanddination problems create a major role
for government in transportation. Left unregulatiere will tend to be an inefficiently low
level of transportation made available at highgsic For this reason, governments have and
ought to be involved in transport.

Communication networks present the same charattsred transportation systems. Most of the
costs are fixed costs, independent of the usemweluThere are substantial issues of
coordination — use of communication systems requirdespread adoption. Like
transportation, efficiencies in communications ealscthroughout the economy. For example,
GPS and two-way radio reduced trucking costs sobatly because of the ability to organize
backhaul (return journey).

Economic Growth isMostly about Entry and Education

There are two major forces behind growth: new petglwservices and means of producing them,
and the worker skill levels to build or perform e Thus, at its root, growth comes from

human inventiveness and skills, which are nurtimgdducation. Growth is expressed by the
creation of new companies which enter into markétsset aside the education portion, which
doesn’t diminish its importance, and focus on tee companies.

Long-term sustained innovation mostly arises franmamts into markets. Two main reasons
underlie this important and empirically justifiedrnclusion. First, incumbents have little
advantage from disruption, that is, from new tedbgies that radically change the cost of
satisfying consumer needs. This effect, the d@fa¥ disruption by incumbents, is known as
“cannibalization” in the product differentiationdrature. A new, disruptive development
supplied by an incumbent cannibalizes the exigtmgit stream, and the existing profit stream
thereby is a disincentive to innovation and disarpt

Second, many new ideas arise from outsiders posgdasniliarity with distinct technologies.
For example, brassiere manufacturer Moldex receghilaat its brassiere expertise could
usefully be applied to the creation of face mas&swmby construction workers to prevent
breathing dust and contaminants, applying a exjstiff-the-shelf technology in an entirely new
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setting. There are many examples of outsidersrighndew applications for their existing
technologies. It is much easier for outsidersrealy familiar with the technology — to find
applications than for incumbent manufacturersnd fielevant technologies.

Moreover, there is substantial empirical eviderina much of growth comes from entrants. The
study of the deregulation of the former commundsirdries supports this view. Moreover, most
job creation comes from smaller enterprises, olllemanterprises growing into large ones.

As a result, in evaluating government promotion gmvélvement in networks, a critical factor is
whether and how entrants are facilitated. In aofdliif the government involvement in a
network promotes workforce education, that is Ipestid.

Facilitating Entry

There are large firms that enter new industried,sarch entry is good for growth. Here,
however, | will concentrate on small entrants, ewrentrants. The difference is that large firms
already have internal infrastructure — accountdnisjan resources, hardware, distribution, and
so on — and thus are less dependent on netwosdstriicture than new entrants.

Let me lay out a couple of “use cases” concernimgyeto help fix ideas. One example is a
good cook, who considers opening a restaurants diirepreneur has cooking skills well
beyond the norm, but probably lacks any specidityln preparing taxes, hiring reliable
workers, advertising, or purchasing plates ancesihare. All of these skills need to be acquired
to make the restaurant a success, or at leastgaut tailure. This is the “better mousetrap” use
case, where the product or service offered by teepreneur is superior to that available in the
market. An important point, however, is that tiérant depends on acquiring additional skills to
bring that mousetrap to market.

A second use case is the entrepreneur who seeslaand seeks to fill it. This need could be a
delivery service, a packaging service, productibreplacement parts for old cars, computer
assembly using extra high quality parts, etc. Baods of companies are created by individuals
who see a hole in the system and seek to filhé@rdby enhancing the lives of customers and
improving the functioning of the economic systeimthis use case, the entrepreneur has no
particular skill in the good being delivered, bogtead was among the first to notice the need;
this use case involves an entrepreneur with aridtea.

A third use case is the ‘best execution’ use cakeye an entrepreneur thinks they can deliver an
existing service more effectively. In such casegmtrepreneur fills a niche by doing better than
existing incumbent suppliers. The restaurateultccalso be an example of this case, but may be
simply differentiated by style rather than supeligrexecution of the style. The “best

execution” case, unlike the previous two, generialplves a better skill set.

In two of the three use cases, entrepreneurs ronastrglish many things unrelated to their core
skill to make their business successful. The needcomplish so many distinct things, each
with its own requisite expertise and skill, prohahtcounts for the high failure rate of small
business. An important social goal, one not rel&emy topic of networks, is simplifying the
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very difficult life of small business, using thexteode, health care policy, and other government
instruments. (Simplifying the tax code itself wdlde a major improvement in the U.S.)

Networks play an important role in the fosteringeatry because networks generally reduce the
cost of entry. The classic public utilities — waa@d electricity — facilitate entry into many
businesses by lowering the cost of critical inpusanilarly, the mail service, when combined
with eBay, allows small transaction businessegrate nationwide. This has made large
swaths of the retail economy, which formerly weharacterized by local monopolies, into
competitive sectors. For example, collectible slalhd fossils used to transact by small retail
outlets, but are now are sold primarily, and mudahrerefficiently, on the internet. Virtually
anything easily transported now can be purchasadratch more competitive price than before
the internet. But it is important to realize tkta¢ existence of highways, airports and
transportation networks play a significant roldanilitating these markets as well as
communications.

The importance of information in entry and grow#sbeen highlighted by Chris Woodruff's
studies of the Mexican shoe industry and GordonsHais work on Mexican clothing.
Substantial aggregations of companies arise, piploaie to the importance of communication
and information. Thus, information is already @ical input into industrial competitiveness, a
trend that will only continue to increase in thetngecade.

As more and more operations move online, the inapog of communication networks rises.
Communication networks — telephone, wireless atetmet — are essential to future prosperity.
While it would be best if communication networksuttbbe left to the provision by the private
sector, communication networks share with watesGtakity and highways a very high fixed
cost of provision, with more than 50% of the cds#tg fixed costs. As a result, the threat of
natural monopoly is already great. In additionybwer, there is a substantial barrier to entry
since the provision of telecom services generalplves a great use of the public rights-of-way
and telephone lines. Itis very difficult to restmuct such rights-of-way today.

Government should be prepared to step in to cosesadus monopolization problems. As
Voice-Over-IP (VOIP) has become an effective teteghsubstitute, public provision of internet
services, either by regulation or, preferably, bstéring competition, is today what
electrification was fifty years ago: the single tygsblic strategy for creating future prosperity
available to the government.

Public or Private Provision

While I think the inefficiency of government is eft overstated — large private corporations like
General Motors have similar inefficiencies — itrige that the public provision of goods often
subjects them to a variety of political pressuegs] that much efficiency can be lost in the
process. For example, Canada created governmendted PetroCan as a means of insuring
competitive behavior by private oil companies, $atnehow PetroCan wound up being the most
expensive provider, at least when | lived therthan1980s. For public provision of goods that
can be privately provided, publically-financed absidized private provision is generally
preferable, in terms of innovation, quality andcprito government operation.
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The first act of government in the telecom sechmusd be to remove the entry barriers, e.g. by
facilitating the laying of cable. Obtaining theildi to run cable is a formidable challenge often
made more difficult by government itself. In thaitéd States, running new cable is generally
considered impossible unless it piggy-backs ontiegjsable. This is why the electric
companies, with a grid reaching nearly every haane considered to be promising potential
entrants; not because they know anything abounteenet, but because they already have
rights-of-way.

Government can also sponsor entry by auctioningigfm to provide services in areas where
services are incomplete, so-called auctioning usaleservice. Such auctions should favor
entrants, with an eye to establishing competitiosdrvices, as service areas of companies
encroach upon each other.

Companies operated in nearby but disjoint geogra@gions are often permitted to merge, on
the principle that they are not currently competivith each other. However, such mergers are
usually a bad idea; as geographically separategbaoims represent the best hope for future
competition as growth makes their geographic regamilide.

Unbundling

In the United States, most people now buy telephioternet and television either from a cable
company or from a combination of the telephone camy{telephone and internet) and a
satellite TV company. As a result, even when themmpetition, it is limited by the bundling
of services. Consumers who would like to switdierinet companies are forced to
simultaneously adopt a different method of recejumlevision signals. The bundling of
services at the customer end has created substmitiehing costs. Not surprisingly, prices for
these services in the United States vary greatlydmgraphic region but are generally higher
than in European nations or Japan. On the othret, lthe presence of some competition keeps
U.S. prices substantially below the rates prevgilmAustralia.

Bundling of services offered to the final custongeonly one example; bundling of network
services generally creates entry barriers intarttizvidual component. Such entry barriers can
act as a substantial impediment to competition.

Bundling presents a thorny problem for the govemimgecause a certain amount of bundling is
efficient. Whenever costs are lower because of#he of several services, bundled prices are
justified as passing on some or all of the cosingmvto the customer. Moreover, in the case of
telecom and television services, the presencegbf fixed costs suggests that the low bundle
charges for individual services cover their low giaal cost; the problem for competition is that
an entrant is severely disadvantaged unless tihentrian offer all the services; the lack of
competition means that prices overall can be high.

There is no simple solution to the problem of burgll A certain amount of bundling is
efficient, and it is often not straightforward tetdct anti-competitive bundling. Nevertheless,
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bundling is an important tool for firms attemptitegforeclose entry and hence should be
scrutinized by the antitrust authority or competitcommission.

Market Design

Perhaps the most exciting development in microeguc®in the past twenty-five years is the
field of applied game theory or market design. kéadesign uses a combination of
mathematical tools, market experience and laboraoonomics to create a practical, effective
market structure. Indeed, the economics professiogaching the point where theoretical tools
can be used to improve markets much the way theak@hysics is used in engineering, not as a
substitute to experiments but as a complementperaxents, guiding and focusing them.

Market design has been extensive used in the salgaless spectrum for mobile telephony all
around the world, including in Mexico where themgering free market in telecom spectrum
was created in microwave spectrum in 1996, inforimgdharket design principles.

Network policy is increasingly studied from a mdr#lesign perspective. Network operation has
the classic problem of high fixed costs. Pricesrmearginal cost mean the operator does not
recoop the costs of investment and has no congyinirentive to invest; higher prices
discourage use but encourage investment. Herant to highlight two major uses of market
design.

First, market design can be used to minimize tls abservice. While this sounds like a worthy
goal, it should not be the only consideration. &ese such a large portion of network costs tend
to be fixed, minimizing the cost of service oftenalves a single provider. However, using a
single provider reinforces the tendency to monogodated by large fixed costs. It is preferable
to use government policy to encourage entry, @t aere encouraging entry is not too costly.
The promotion of entry can be engineered into theket design by favoring small firms, by
favoring unbundled pricing, and by encouraging opetwork access. Market design often
tends to take a static view of the market, outapiegliency rather than necessity. However, as |
emphasized above, markets are dynamic and a gi@c while never fully appropriate, is
especially inappropriate in network industries.

Second, market design can be applied to the desigavernment regulatory institutions
themselves. Do the institutions have the incerttiveepresent the future needs of society, or are
they likely to be captured by special interestgfacial interests in this context are primarily
incumbent firms looking to preserve market powen the institutions contain appropriate
checks and balances, so that secret deals andtimwosee the light of day? Do agencies with
decision authority have access to the informatieeded to make appropriate decisions? Is there
a mechanism for follow-through?

Follow-through has been a continuing problem inlinged States in antitrust. Government
agencies — the Federal Trade Commission (FTC) —nrae deals with companies, essentially
finding a cure for antitrust problems. The partigsee to these “fixes,” but the FTC lacks a
powerful mechanism to enforce the agreement.nit ibat they can’t enforce the agreement, but
rather that the incentive to enforce a past agreemmdimited. In comparison, an agreement
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filed with a court and overseen by a judge hasrdoreement agent, and hence is much more
likely to be enforced on an ongoing basis.

Principles of Two-Sided M arket Design

Many public networks are intermediaries, and a# sapplication of market design principles to
public networks should reflect the fact that the'kets have two sides. Many, but not all,
applications of market design principles involveeesided markets. However, the matching
examples, including school choice and the Nati®edident Matching Program, involve
connecting individuals with institutions or indiwdls with individuals. While still in its infancy,
principles of exchange design are starting to emargl are worth understanding.

Here, | will summarize ten principles of exchangsidn.

Exchanges connect individuals and thus there neuastlanguage for exchange. An important
aspect of language is that itagpressively easyhich means it is easy to use because it permits
the economical description of operations with a fememonic terms. Similarly, exchanges
should bestrategically simplemeaning that a simple, straightforward behavefgrms well.

Thus, if the buyers are bidding, bidding a fractodribuyer value should do reasonably well for
the buyer no matter what the sellers do. An ingadrinethod of creating strategic simplicity is
iteration, that is, permitting the participants to reviseitleports, bids or actions in light of the
tentative outcome. Iterative mechanisms are famitom auctions, where prices rise as bidders
revise their bids (upward only). But the principbgends to two-sided exchanges.

Lack of information is a barrier to exchange; tperapriaterevelation of informations a key
facilitator of exchange. We have observed thateggte statistics are an important element of
exchange design. Aggregate statistics increaseotiéort level of traders without threatening
the value of their own private information.

Many analysts have suggesteahsparencyis an important element of exchange design, but in
fact transparency is part of a continuum and regmssa tradeoff. In some markets, complex
algorithms may be an asset to the exchange, suggéstdes and prices in a fair way. Thus,
transparency is one side of a tradeoff, where thercide is efficiency. A useful value of
transparency is that participants make better aewss

Complex algorithms give rise to the potential foncealing a bias of exchanges. An important
principle for the long run health of any exchangedutrality, that the exchange is not unduly
biased toward a party. In its opening year, theQp pollution permit auctions were biased
toward sellers, to such an extreme that sellersstioalld not have participated did, buyers who
should have participated did not and prices didrefi¢ct values. This problem was
subsequently fixed.

A particular party that exchanges should not bedalan favor of is the exchange itself;

exchange earningshould not be excessive. Excessive exchangengarlgad to the creation of
competing exchanges.
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Related to the use of complex algorithmsnaishing” Mushing entails treating unlike things as
alike as a way of achieving market thicknesss ttlear that market thickness is a good thing,
since it leads to competitive prices. The use v$hmg, to treat similar items as identical, has
the advantage of creating thicker markets, butittadvantage that the differences may matter.

Related to mushing is the size of price steps.rélaigdeal of attention is paid to the size of price
steps, also known as increments or deltas. Relgtiarge price steps have a modest effect on
efficiency and make the exchange both more exprelgstasy and strategically simple and
reduce the amount of iteration needed to achiemgargence. Consequently, it is desirable to
limit the number of prices by increasing the step.s This can be done by only permitting even
amounts (e.g. pesos or thousands of pesos, degendithe item being traded), or in percent.

Last, but not least, participants in exchangegasis to facilitate participation. These tools are
often moderately expensive to produce. Providawjstcentrally can dramatically facilitate
efficiency by insuring all parties have accessformation. Tools should facilitate tracking of
aggregate statistics and comparing participant\behto the statistics.

Conclusion

Sutherland et al. (2009) present a deep analysi@ebf public utilities in encouraging
economic development. Not surprisingly, it is ¢ading to measure the effects. Nevertheless,
it is clear that public networks have been a @iltfacilitator of economic prosperity.

A similar problem arose in measuring the effectsarhputers in corporate productivity.
Although firms spent an enormous amount of moneganputers, the data didn’t indicate there
was much payback from the expenditures. The measant problem, of course, is that the
world isn’t standing still. The presence of congratgave rivals a competitive edge, lowering
profits; firms responded by buying computers. Rsdell or were flat and computers expenses
were high. However, had the firms not purchasedmders, profits would have fallen even
further. The expenditures on computers mitigalbedfall in profits. The same forces inducing
the fall in profits also induced the purchase ahpaters.

Part of the missing profitability of computers wasunmeasured increase in productivity.
Printed matters became beautiful; we have becom tashome printing that exceeds the
quality of the professional printing of our parenihis improvement in technology is most
extremely felt in facts. Where looking up the deter of the earth, the star in the Mask of Zorro,
or the population of Mexico City used to requirgip to the library and a somewhat arduous
search through reference volumes, we now haveyesthnt access to much of the knowledge
of the world. The internet represents the gregiestision of public goods provision in the
history of the world.

Economics has developed new tools for improvingkeisr These are powerful tools, which can

be used at both the network operator level andeatdgulatory level. In applying these tools it
is worth bearing in mind the “Hippocratic Oath afitRrust:” Do not deter entry.
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The internet is probably as revolutionary a platfdor human development as the printing
press. The printing press, for the first time, mddowledge for the masses” possible, and is
probably ultimately responsible for the industrfolution and much of modern development.
The internet offers three striking advantages @virted matter for economic development.
First, the internet is much quicker and more effitj finding information on the internet is
dramatically easier than browsing a library. Sec@mnd more important, the internet can match
the user’s skills. Thus, the internet can detagtex’s knowledge level and provide appropriate
knowledge and tools to match the user’s existirilitias. Books typically require human
teachers to facilitate knowledge and teachersrdmerently limited, especially as relatively small
class sizes seem necessary to produce efficientledge development. The lack of adequate
teachers is one of the main challenges of developnia contrast to human teachers, the
internet is scalable, and educational programsedoroadcast to an arbitrary number of
individuals at linear cost. Taking these threg¢dectogether, the internet represents a giant leap
ahead, on the order of the printing press, offeangpportunity to let every individual reach
their full educational potential.

What running water did for public health, the imtetrdoes for the mind. It would be a shame if

this revolution in public goods, and the huge iasesin worker skills and economic efficiency
these public goods promise, was lost for the s&k@® corporation’s profits.
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