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international production process. Yet, the availability of cheap and reliable energy at 
specific locations has been a crucial factor in attracting FDI to specific locations, i.e., 
energy availability has a “pull effect”. In addition, energy is a fundamental input to 
the transport and communications sectors. Consequently, its availability and cost will 
influence the contribution that they make to the globalization process and economic 
development in general. 

C. Conclusion 

There are five major conclusions from the role of infrastructure in development 
process, long-run growth and poverty alleviation that need to be taken into account in 
designing strategies and programmes:  

Firstly, the East Asian model of long-run infrastructure supply-oriented 
development has proven highly successful under certain circumstances, particularly 
where non-physical supporting networks were strong.  

Secondly, direct poverty reduction interventions will be unsustainable in the long-
run, if they are not supported by sufficient infrastructure development. This simple 
fact appears to have received insufficient attention by governments in recent years. 

Thirdly, a lack of connectivity between land transport networks of neighboring 
countries in Asia is a serious disadvantage for landlocked countries in Asia. 

Fourthly, the least developed countries are trapped in a vicious circle, as they can 
neither afford ICT infrastructure to the extent needed for significant economic gain 
nor to participate in the modern international production networks. 

Finally, due to the Internet’s hub-and-spoke network system, most developing 
countries and transition economies can only benefit from it through bilateral and 
regional cooperation. 

 
V. GENERAL NETWORK CHARACTERISTICS  

One of the principal themes highlighted in this paper is the concept of networks. 
This Chapter considers further the concept of networks and discusses some of the 
general characteristics of infrastructure networks that influence or condition their 
integration as well as negotiations of regional and subregional agreements. In doing 
so, it provides the background for formulating strategies, programmes and activities 
for network infrastructures. 

A. Physical networks 

1. Links and nodes 

The infrastructure sectors being considered within the context of this paper, 
including transport, ICT and energy, are all networks, consisting of links and nodes45. 
A network is a system, the performance of which depends, to varying degrees on the 
performance of individual links and nodes. One of the features of a network is that 
any inefficiencies in, or missing links or nodes can affect the overall efficiency of the 
network.  

                                                 
45 Similarly, water transportation networks are increasingly emerging as a major issue for the 

coming decades. However, they are not included in this paper’s discussions. 



 29 
 

Depending on the characteristics of the network, “failure” of “critical” links or 
nodes can shut down the whole network (“Bracers effect”46). The resulting “system” 
failure is discussed in reliability theory. An image of what happens is that of the 
nuclear meltdown at the Three Mile Island nuclear reactor, which occurred due to the 
failure of a single component47.  

“Closure” of one link or node does not need to lead to failure, but it will reduce 
choice. In the context of negotiation of issues related to cross-border land 
transportation, for example, closure of a link can substantially reduce bargaining 
power.  

It should be further noted that, while the term “network” in economics was 
originally used in “network externalities” to refer to benefits that accrue from 
connections of physical networks such as telephones or railway lines, the term was 
extended to include value created by networks of users sharing compatible products 
and standards48. In fact, as long as there are significant complementarities between 
types of goods in a non-network industry, network externalities will play an important 
role. For example, the sales of ice-cream will influence the price and sales waffles.  

 
2. Linking sub-networks together 

The linking together of two formerly unconnected or weakly connected national or 
international sub-networks is the principle objective of regional cooperation in 
infrastructure (Figure 5). This subsection briefly discusses the interconnectivity and 
interoperability issues associated with the establishment of such linkages. 

 
Figure 5: Linking two subnetworks.49  

 

                                                 
46 Cut the bracers and the trousers fall down… 
47 The “(in)famous” nuclear accident at the Three Mile Island light-water reactor occurred in 

Middletown, Pennsylvania, on 28 March 1979. “A simple interpretation of the cause of the accident is 
that it was initiated by an equipment failure, a valve that failed to close, compounded by several 
operator errors” (see http://www.magma.ca/~jalrober/Chapter8e.htm.) 

48 Frels, Shervani, Srivastava, (2003). The Integrated Networks Model: Explaining resource 
allocations in network markets. University of Texas. 

49 Source: Rodrigue, J-P et al. (2004) Transport Geography on the Web, Hofstra University, 
Department of Economics & Geography, http://people.hofstra.edu/geotrans. 
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(a) Interconnectivity 

The term interconnectivity simply refers to whether sub-networks are actually 
connected. For example, different rail gauges require special technical solutions to 
allow physical interconnection.  

In this context, the difference between connectivity and accessibility should be 
noted. While connectivity is an attribute of a network and measures the minimum 
number of links needed to reach all nodes from all other nodes, accessibility is an 
attribute of a node and measures the minimum number of links needed to reach all or 
certain nodes from a specific node. 

Interconnection is critical for efficient operation of many network industries, as a 
relatively small investment in interconnecting two networks can quickly create a 
much more valuable network (see Metcalf’s Law50). From the users’ perspective, 
interconnection increases the variety of services from which they can choose. From 
the government’s perspective, it is important to assess the economic and social 
incentives for rival networks to interconnect so as to expand the range of services51. 

The transportation industry has elaborate arrangements to convey shipments 
across non-overlapping networks. Even in North America, in the early days, this 
involved loading and unloading of freight when lines used different track gauges (a 
situation similar to that of the Asia-Pacific region today). After standardization of 
track and equipment, interlining agreements allowed rolling stock to travel over 
contiguous rail networks without transferring shipments.  

Similar to the regional situation of fragmented electricity networks in Asia today, 
in the early days of the U.S. electricity power industry, two standards of power 
transmission coexisted on disjoint networks51. While the direct current standard was 
adopted in urban distribution systems of the U.S.52, the remainder used the alternating 
current method that enjoyed a cost advantage in serving the rural and outlying areas. 
Interconnection between the two systems awaited the development of the rotary 
converter. It gave power plants expanded access to users and also added to the ranks 
of generators that could deliver power to the system53. 

(b) Interoperability 

The example of the rotary converter in the previous paragraph highlights the fact 
that interoperability may have to be ensured before some networks can be 
interconnected. On the other hand, even in cases where networks have been 
interconnected, they may still lack interoperability. For example, railway networks 
that are interconnected and that use the same gauge, may still not be interoperable, for 
example, due to differences in electricity supply or the signaling systems. This is still 
the case today in Europe for some neighbouring countries, where railway locomotives 
have to be exchanged at the border. 

                                                 
50  The so-called “Metcalfe’s Law” states that the value of such networks is directly 

proportional to the square of the number of users 
51 Economides, N., and Woroch, G., (1992). Benefits and pitfalls of network interconnection. 
52 accounting for about two-thirds of installed generating capacity 
53  Economides, N., and White L., (1994). One-way networks, two-way networks, 

compatibility, and public policy. http://www.stern.nyu.edu/networks/site.html. 
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In the US, the trucking and rail industries have had to make themselves 
interoperable, in order to offer shippers end-to-end services. Under the "piggyback 
system", tractor trailers are loaded aboard flatbed rail cars for the rail portion of their 
journey51, thus ensuring interoperability between road and rail. 

Containers are another good example where standards (ISO standards) have 
supported interoperability of networks of different transport modes and, consequently, 
have led to large productivity gains.  

Technical considerations of interconnectivity and interoperability as illustrated 
here provide a useful perspective to identify issues in regional cooperation and 
integration in maintaining and developing inter-country infrastructure. 

3. Linking more than two systems (e.g., transit issues) 

When more than two systems are linked, more complex issues arise. In the case of 
transport and communications, probably the most important of these are transit issues. 
Examples are transit through a third country (road, rail, water, air, communication 
lines, etc.) and simple right of way issues within a country (different communications 
network providers, fiber optic cables along railway lines, more than one railway 
company, etc.).   

International transit issues have been perceived as very complex matters, inter alia, 
due to the complicated distribution of costs and benefits derived from transit. In 
particular, international negotiations of transit fees, quotas and rights for land 
transport, air transport, oil/gas pipelines, have often proved long and difficult.  

In an economic sense, the issue of transit fees depends on the marginal cost (to the 
“producer”54) as well as the willingness to pay (demand) which depends on alternative 
choices available in the network and their particular characteristics. By definition, 
sufficient choice for land-locked countries through agreements with all their 
neighbours is costly. However, most government policies have been geared to 
maximize choice, in order to minimize the economic and political risks.  

Key links and nodes that can limit or reduce possibilities of choice depend on the 
type of network. Figure 6 illustrates four types of network structures that typically 
arise in transport and communications. At any point in time, the optimal type of 
network depends on the specific economics of the links and nodes and government 
regulations. For example, international commercial air transport and maritime 
transport (ports) are organized along the hub-and-spoke system. However, the 
competing budget airlines typically follow the mesh structure. In other words, the 
hub-and-spoke system is not necessarily the optimal outcome for air transport in 
general. In fact, the structure which is optimal may change over time. A well 
documented example is that of the US Internet which changed from a linear set-up in 
the early 1970s, to a mesh network from the mid-1970s to the early 1990s, and to a 
hub-and-spoke system ever since due to the Internet’s commercialization. In the hub-
and-spoke system interconnection pricing is an important issue due to the powerful 
position of the “owner” of the hub. A typical example of the tree network is the land 
transport network of a country with a large hinterland but a small coastline where the 
major cities and most of the countries’ economic activities are concentrated.  

                                                 
54 This means that the transit country is also a factor. 
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Figure 6: Types of network topology.55 

4. Quality and capacity 

In practice, it is necessary but not sufficient to ensure interconnectivity and 
interoperability. As illustrated by Figure 5, if we make changes in our network (e.g., 
by interconnecting to networks or more users), resulting “traffic” flows will change. 
And some links will have to be of higher quality and sufficient capacity in order to 
sustain such changes. This seems very clear in the case of transport, but similarly 
applies to all other physical networks. For example, in the case of the Internet, 
providing access to more users without upgrading the Internet backbone (i.e., the 
salient, high capacity links) would only lead to degrading quality and decreasing 
utility to all users.   

In order to characterize networks in terms of their interconnectivity, 
interoperability and quality, economists refer to the concept of the “strength of the 
network”. This includes network characteristics of interconnectivity, interoperability 
and quality56, together with current network size and expectations of future size. 
These characteristics determine the utility a user derives form the network. 

5. One-way vs. two-way networks 

There is a clear distinction between two-way networks (e.g., telephones, railroads, 
the Internet) and one-way networks (e.g., ATMs, television, distribution and service 
networks)53. In the former case, additional customers usually yield direct externalities 
to other customers; in the latter case, the externalities are indirect, through increases 
in the number of varieties (and lower prices) of components. Most industries involve 
vertically related components and thus are conceptually similar to one-way networks. 

6. From paths to corridors 

A path is something like a route on a map. In the network terminology introduced 
above, it is a set of consecutive links involving different nodes.  

Particularly in the case of transportation, corridors rather than paths are the focus 
of attention for development. Corridors may include only one path/route (e.g., when 
network density is very low) or may include many alternative paths/routes sometimes 
even including small distribution networks. 

                                                 
55 Source: Rodrigue, J-P et al. (2004) Transport Geography on the Web, Hofstra University, 

Department of Economics & Geography, http://people.hofstra.edu/geotrans. 
56 To be precise, the three network characteristics are actually compatibility, accessibility and 

quality. This is a more general terminology that also applies to complementary industries etc.  
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B. Non-physical networks 

All the classifications and issues of physical networks that we just discussed also 
apply to non-physical networks. In fact, many of these non-physical networks are so 
closely interrelated with physical networks that it is more instructive to analyze them 
together.  

There are many different types of non-physical networks, including social, 
economic, political/regulatory, information, knowledge, and environmental networks. 
For example, regional production networks would not have emerged without similar 
development of a variety of non-physical networks.  

C. Linkages 

In addition to classifying network linkages in those relating to physical or non-
physical networks, one can look at linkages between networks in the “same” 
traditional sector (e.g., transport), or linkages between networks in “different” sectors 
(e.g., between road transport and the Internet).  

1. Linkages between networks in the “same” sector 

 
Figure 7: Intermodal transport system. 57  

Figure 7 is an illustration of the various network linkages in the transport sector, 
including linkages between networks of different transport modes (e.g., shipping, 
roads, railways) and between various geographical levels (nation, region, locality). 
This is what is usually referred to as the intermodal transport system. This concept 
implies that it is useful to look at the networks of all transport modes in terms of a 
complex intermodal transport network system. An analogous situation exists in data 
communications where various standards, electronic, optical and all-optical 
transmission links are integrated into a complex communication system. 

                                                 
57 Source: Rodrigue, J-P et al. (2004) Transport Geography on the Web, Hofstra University, 

Department of Economics & Geography, http://people.hofstra.edu/geotrans. 
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2. Linkages between networks in “different” sectors 

It appears that an even broader perspective that includes linkages between 
different “traditional” sectors proves useful. In essence, this approach looks at a 
complex network, consisting of many networks of various types.  

 
Figure 8: Symbolic illustration of linkages between (physical and non-physical) networks in 
transport, ICT, trade and governance. 

The tetrahedron of Figure 8 symbolically illustrates these linkages between 
(physical and non-physical) networks in transport, ICT, trade and governance. More 
dimensions can be added in a similar fashion (for example, FDI, banking, finance,  
production and sales), but those included in Figure 8 are of direct relevance to 
regional production networks. Another example of linkages between networks in 
“different sectors” are documentary credit operations (“letter of credit”) which 
involve networks in trade, banking, chambers of commerce (certifying letter of 
credits), shipping and communications. Yet other examples are freight forwarding, 
international commercial contracts, competition policy and international regulation. 

The rapid emergence of new sectors (indicated in colour in Figure 8) on the 
intersection of traditional sectors is evidence of increasingly strong linkages between 
the networks of formerly disjoint sectors. For example, the application of ICT in 
government has not only made government more efficient, but it has actually led to a 
new concept of governance in its own right, namely e-governance. Similarly, e-
transport (ITS, logistics, etc.) has emerged as a field of its own.  

These developments do not replace the logic of traditional sectors, but they point 
to an increased need to fully consider the linkages to other relevant sectors and trends.  

Finally, it should be noted that in various disciplines there are some attempts to 
widen the network perspective even further. For example, in Potts’ evolutionary 
model of growth 58 economic systems are seen as “hyperstructures”, i.e., 
multidimensional networks. In this model, economic change and growth of 
knowledge are in essence a process of changes in connections, such as the creation of 
more complex organization, new connections or the grouping of those connections.  

                                                 
58 Potts, J., (2000). The New Evolutionary Microeconomics: Complexity, Competence, and 

Adaptive Behaviour. Cheltenham, Edward Elgar. 
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D. Externalities and network effects 

The fundamental idea of network externalities is that “the act of joining a network 
confers a benefit on all other participants in the network”59. Network externalities 
may cause markets to fail in allocating resources efficiently. And markets in which 
incompatible standards compete may tip in the direction of an inferior standard that 
gains an early advantage.  

While the concept of network externalities was developed within economics to 
analyse market outcomes, there is no reason why these types of considerations cannot 
be made for nations and their international/regional integration, where a global or 
regional “regulator” does not exist.  

Some economists distinguish direct from indirect externalities, depending on the 
different type of source of benefit to participants in the network. Direct externalities 
are those typically seen by two-way networks in transport and communications. For 
example, the more phone users there are, the more useful it is for another person to 
become phone user. Direct benefits do not exist for users of one-way networks (e.g., 
gas pipelines). Indirect externalities are externalities in the network of users of 
compatible systems60, even if they are not physically connected, such as in the case of 
computer soft- and hardware.   

There is no clear consensus among economists as to the definition of the term 
“network effects”, as compared to “network externalities”. Some economists61 define 
network effects in a broader sense than network externalities: Network effects are said 
to exist when “the net value of an action… is affected by the number of agents taking 
equivalent actions”. Other economists 62  use the term network externalities to 
comprise all network effects. 

E. Conclusion 

Physical transport and communication infrastructure and related non-physical 
“soft”-ware issues are, or form part of, various types of networks. Taking such a 
comprehensive network view allows one to readily use the tools and terminology 
from the discipline of economics of networks.  

Thus, strategies and programmes stand to benefit, if they are designed to take 
explicit account of general network characteristics (such as key links and nodes, 
interconnectivity, interoperability, quality, capacity, network types, paths, corridors, 
network externalities and effects), since these characteristics already (knowingly or 
unknowingly) condition negotiations of regional and subregional agreements in 
infrastructure.  

Similarly, strategies and programmes should include explicitly the linkages 
between physical and non-physical networks including linkages in one sector and 
between sectors.  

 
                                                 

59 Page, W. H.; Lopatka, J.E. (2000). Network Externalities, Chapter 0760 in Encyclopedia of 
Law and Economics, http://allserv.rug.ac.be/~gdegeest/tablebib.htm.  

60 These users are said to form a virtual network. 
61 e.g., Liebowitz and Margolis. 
62 e.g., Economides and Klausner. 




