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ABSTRACT

Many contemporary challenges that span multiple policy domains require inter-agency 

collaborations. To reduce the dilemma between centralization to assure cross-agency 

interoperability and decentralization to responsibly accomplish individual missions (i.e. 

achieving economies of scale or scope while retaining autonomy and flexibility), collaborating 

government agencies may build and share standard services that support or interconnect their 

diverse specialized applications. Common basic services can be shared to minimize 

inappropriate redundancies, and standard interfaces may interconnect specialized applications 

to maximize interdependent synergies. However, heterogeneity among users or network nodes 

as well as technical and organizational uncertainties makes investment in standard services 

difficult.

First, using economic analysis to compare several strategies for delivering common services 

(e.g. a one-size-fits-all strategy, a competition strategy, and a modular strategy), I find that 

complementary modular services (i.e. basic modules for everyone and add-on modules for 

high-end users) improve social welfare by eliminating redundancies and expanding customer 

base. Economic analysis of network effects indicates that decentralized standard interfaces that 

interconnect the modest scope of heterogeneous systems may maximize social welfare. 

Since networks cannot be controlled using a top-down approach, the value of standard 

services is subject to highly uncertain inter-agency collaborative capability and underlying 

social networks. I use an agent-based model and social network analysis to simulate how 

autonomous agencies interactively build and operate cross-agency interoperable systems in a 

decentralized environment. Exploratory modeling illustrates that modest investment in standard 

services jointly with mission-centric operation not only enhances mission capabilities but also 

adaptively mitigates their variances against the varying parameters for technology, 

interdependency, and social capital. 
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Finally, I use a proposed investment in nation-wide consolidated public safety wireless 

networks by the Korean National Emergency Management Agency as a case study. Given 

network effects and switching costs, exploratory modeling and real option analysis identify the 

path-dependent values of all the plausible sequential investments against a wide range of future 

states to help managers "start robust, then adapt". This case study demonstrates that well-

designed adaptive strategies mitigate risks and enhance long-term values of investment in 

consolidated networks (particularly through public-private partnership).  
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Executive Summary 

Social and Technical Network for Public Services and Network-enablers 

The dominant structural forms in all the governments have been stovepipe organizational 

units. As many contemporary policy challenges span multiple policy domains, there are 

growing needs for collaboration and coordination. Collaborations can be made in various forms. 

Interrelated bodies can be merged into single hierarchical organization which has clear, 

mutually exclusive areas of accountability and control (e.g. the creation of the Department of 

Homeland Security). On the other hand, public services can be delivered through decentralized 

market-based contracts. Between hierarchy and market, various forms of network and 

partnership exist (see Figure S-1). Collaborative networks of public organizations may improve 

aggregate productivity by enabling dispersed specialists to work together and view service 

recipients in a holistic way, and eliminating non-optimal duplication. A network model can be 

particularly effective with dynamically evolving environments and clearly defined goals while 

hierarchy can be more effective with stable environments and ambiguous goals. 

Figure S-1. Forms of Collaborations (Modified from Schilling 2005) 

Centralization Decentralization

Merger of related bodies into

a hierarchical organization

Federal structure

(overarching constitution)

Stable Network based on

Partnerships  (coordination)

Market exchanges,

Ad-hoc network

Centralization Decentralization
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a hierarchical organization

Federal structure

(overarching constitution)

Stable Network based on

Partnerships  (coordination)

Market exchanges,

Ad-hoc network

Networks can be steered using a variety of incentives and sanctions, but cannot be totally 

controlled using a top-down command approach because a network is a set of self-organizing 

working relationships among autonomous agencies that have responsibility, authority and 

flexibility to accomplish their own missions. The focus should be on coordinating agencies 

with different goals and preferences and building trusting relationships. Information technology 

can help organizations collaborate by reducing transaction costs. However, information systems 

have been optimized previously for a specific application to form agency-centric vertically 



xvi

integrated stovepipes, but not designed for the flexibility to perform multiple applications. 

Technology-enabled transformation from agency-centric public services into cross-agency 

networked public services will require investment in enhanced connectedness, integrated 

security, improving interoperability at mission activity and organizational levels as well as at 

information system level, and trust building. Standardization can improve technical, semantic, 

and organizational interoperability among broad range of agencies.  

In sum, while interoperable information systems can facilitate intergovernmental 

collaborative networks, intergovernmental social network facilitates the standardizations and 

productive use of interoperable systems. Likewise, social and technical networks mutually 

reinforce each other and co-evolve. To effectively promote networked public services, these 

complex co-evolutions need to be strategically managed.  

Enterprise Architecture and Investments in Shared Services and Standard Interfaces 

To reduce the dilemma between empowering the central managers to assure the cross-

agency interoperability and empowering the local managers to ensure the supply of information 

to responsibly accomplish their unique missions, it is necessary first to standardize basic 

supporting services and interfaces, and second to let individual agencies build specialized 

applications tailored to their own missions on top of these standard services. It should be noted 

that standardization does not require everyone to use the same services and infrastructure. 

Instead of standardizing the whole process, only those parts that are identified as involving 

important economies of scale or scope without undermining the qualities of services need to be 

standardized. Standards in the right parts of a system can enable much more flexibility and 

decentralization to customize other parts of the system to suit unique service needs. 

‘Enterprise architecture’ is a structural framework to identify the interdependencies among 

service missions and IT systems. Government-wide enterprise architecture such as the U.S. 

Federal Enterprise Architecture defines numerous cross-agency horizontal layers using the 

reference models for government businesses, service components, data, and technical 

infrastructures (see Figure S-2). This study will propose two types of standard services that are 

horizontally shared by multiple autonomous agencies (see Table S-1). Common basic 

supporting services can be consolidated as ‘shared services or infrastructure’ to minimize the 

non-optimal redundancies that add less values than costs. ‘Standard middleware or interfaces’ 
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may improve the interoperability in a cost-effective manner and hence maximize synergies 

among diverse specialized systems. The U.S. Presidential e-Government initiatives are good 

examples of building standard services: the ‘Online Rule-making’ initiative provides about 160 

federal agencies with a shared service that allows the public to view and comment on federal 

regulations, and the ‘Disaster Management’ initiative provides interoperability standards to 

enable information sharing among the nation’s emergency management communities. 

Figure S-2. Transformation from Vertical Silos to Horizontal Layers 
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Table S-1. Two Types of Standard Services 

 Shared Services or Infrastructure Standard Middleware or Interface 

Objectives Sharing common basic services and 
infrastructure by many users 

Coupling diverse specialized applications 
in a cost-effective manner 

Benefits Cost saving (minimizing redundancies) 
while maintaining the quality of services 

Value creation (maximizing synergies) 
while maintaining the cost of services 

Focus Supply-driven (indirectly supporting 
diverse specialized applications) 

Demand-driven (dynamically creating the 
citizen-centered seamless services)  

Diagram 

Examples 

Online rule-making, e-Authentication, 
Federal asset sales, Integrated acqusition, 
Recruitment one-stop, HR integration, e-
Training, e-Payroll, e-Travel, SAFECOM 

Disaster management, One-stop business, 
Health informatics, Geospatial one-stop, 
Recreation one-stop, International trade, e-
Loans, e-Grants 

Government
Common

Information
Model
(GCIM)
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While many people recognize the value of inter-agency information sharing, little money 

and time has been spent for cross-agency initiatives to improve interoperability, mutual 

understanding and trust building. This study claims that by effectively designing and 

implementing investments in standard services to support or interconnect various specialized 

applications of participating organizations, organizations in a network can jointly achieve their 

common missions efficiently while retaining their own resources to pursue individually distinct 

missions (i.e. achieving economies of scale or scope while retaining autonomy and flexibility).  

However, heterogeneity among users or among the nodes of a network makes it difficult to 

identify the appropriate scope and level of standard services. Heterogeneity also makes it 

difficult to choose among centralized, decentralized and hybrid approaches for implementing 

standard services. Not only complex social demands and technology changes, but also network 

effects, inter-agency collaborative capability and underlying social networks magnify the 

uncertainties arising from investments in standard services. Investment in standard services 

needs to be made anticipatorily, but once built and shared by many agencies, standard services 

are costly to change. Managers must understand the sources of uncertainty and define strategic 

hypotheses that causally link long-term outcomes and performance drivers. 

This thesis argues that by designing and implementing adaptive strategies for incremental 

investments in standard services with the aids of exploratory modeling, diverse complementary 

systems of autonomous agencies can converge on networked public services in an evolutionary 

fashion, enhancing their long-term values and reducing the downfalls. Exploratory modeling 

(Lempert, Popper and Bankes 2003) will create a map of the path-dependent values and costs 

that are generated from flexible sequential investments under all plausible scenarios of 

exogenous uncertainties and endogenous relations, and help search for robustness – adequate 

effectiveness assured over the plausible scenario space – evaluated by diverse value systems. 

Evaluating Investments in Shared Services and Standard Interface (Chapter 4) 

Chapter 4 will identify a number of alternative strategies to invest in standard services and 

assess which strategy can maximize social welfare, by developing parametric exploratory 

models that explicitly incorporate heterogeneity among users or among the nodes of a network.  

If the commonality is high and redundancies add little value, common service components 

can be consolidated into a standard service shared by many agencies. Inappropriate 
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redundancies disappear as individual agencies find it to their advantage to draw upon the more 

economical shared services. Since government agencies have different marginal willingness to 

pay for service level, this exercise simulates heterogeneous willingness to pay among agencies 

using probability distribution functions. Instead of a “one-size-fits-all” consolidation approach, 

one may develop modular services so that everyone uses the same basic modules and more 

demanding users use add-on modules layered on top of the basic modules. Assuming convex 

cost function of service level and no cost of reuse, economic analysis compares a one-size-fits-

all approach, a competition approach, and a complementary modular approach in delivering 

common services, and proves that modularity markedly increases social welfare, by eliminating 

redundancies, improving service levels and expanding customer base.  

There are alternatives to implement modularization. Agencies may individually outsource 

standard modular services (decentralized market-based approach). Since the basic and the add-

on modules are complementary (as opposed to competing) services, the integrated developer or 

joint venture can maximize the joint profits by selling a higher quality basic module at a lower 

price than independent developers, and also improve consumer surplus and social welfare. The 

central authority may develop both basic and add-on modules, and provide them to all the 

government agencies at no cost (centralized hierarchical approach). The centralized public 

development theoretically maximizes the joint values of both modules and hence social welfare 

and consumer surplus. However, its effect is often questionable when standard services are 

based on emerging technologies or when demands of individual agencies are obscure and 

diversified. Hybrid approaches (e.g. mixed public and private development, public private 

partnership) also exist. The exploratory analysis finds that public private partnership (i.e. 

centralized procurement of de facto (market-based) standard modules developed by the 

integrated monopolist) is the most robust strategy against various scenarios. Mixed public and 

private development strategies turn out to be underperforming since they fail to coordinate 

complementarity between the basic and the add-on modules. 

While most previous studies of network effects have examined the networks of 

homogeneous systems (e.g. the community of exchanging e-mail, faxes, and music files written 

in the same format), seamless public services often require interactions among technically and 

semantically heterogeneous yet complementary systems. N nodes of a network can create N(N-
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1) links, and the Metcalfe’s law claims increasing returns to scale by assuming that all the links 

are equally valuable. However, networking heterogeneous incompatible systems requires as 

many bilateral interfaces as interaction links. This study conceives a conceptual measure of 

disparity between systems using an abstract one-dimensional ‘distance’ parameter. The benefits 

and the costs of coupling incompatible systems are modeled as the functions of the distances of 

links, as opposed to the simple number of links.  

Individual agencies may develop point-to-point tailored interface bilaterally, or a central 

authority may provide a government-wide standard interface, or a number of decentralized 

local standard interfaces can be developed as a hybrid approach. Standard middleware or 

interfaces may reduce the coupling costs, but broader participation in a standard tends to 

increase the heterogeneity among participating systems. If the Metcalfe’s law holds, a universal 

‘supra-standard’ interface may interconnect all the heterogeneous systems and maximize social 

welfare. If the complementary value of a system is assumed to decline with distance, 

appropriate coupling scopes for standard interfaces need to be identified. While a standard 

interface that interconnects a wide-ranging scope of heterogeneous systems may generate more 

network benefits than any single standard interface can, we are not constrained to make only 

one standard, but allowed to make multiple standards. Exploratory analysis indicates that either 

numerous standard interfaces that interconnect the modest scope of heterogeneous systems or 

customized bilateral interfaces can maximize net benefits from each unit of networked systems, 

and hence maximize social welfare gains from all the public information systems. 

Agent-based Modeling of Evolving Network-centric Public Service (Chapter 5) 

Building network-centric public services involves two steps: 1) identifying complementary 

systems across agencies and improving their interoperability, and 2) utilization of the 

interoperable systems to achieve missions effectively. While chapter 4 analytically searches for 

the static optimal solutions in controlled contexts, chapter 5 attempts to test the long-term 

dynamic effects of incremental investments in standard services jointly with inter-agency 

operation policies in more comprehensive contexts (i.e. by modeling heterogeneous 

interdependent relations among nodes that have heterogeneous service attributes and levels).  

The modeling exercise designs an illustrative body of the federal government consisting of 

20 agencies and corresponding 20 missions, and simulates the uncontrolled dynamics that 
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independent agencies in mission-centric networks may interactively create. That is, an agent-

based model illustrates how autonomous agencies build and network complementary systems 

and operate them in a decentralized environment over time. This agent-based simulation 

exercise combines network economics to analyze system investment and social network 

analysis to analyze system utilization. This exercise assumes six social network drivers 

(similarity, reciprocity, centrality, mission priority, interdependent contribution of systems to 

missions, and transitivity) jointly determine inter-agency operational effectiveness. This study 

simulates two inter-agency operational mechanisms – operation dominantly driven by 

similarity and reciprocity (called ‘agency-centric’) and operation dominantly driven by 

contribution of systems to missions and transitivity (called ‘mission-centric’). Table S-2 

summarizes the hypothetical causal-effects among key measures with their underlying 

uncertainties and policy levers. 

Table S-2. Strategic Hypotheses of Key Measures, Policy Levers and Underlying Uncertainties 
 Ultimate Outcomes Intermediate Outputs Indirect Drivers 

Measures Joint
Mission capabilities 

Interoperable capacities 
(information capital) 

Productivities
(social capital) 

     Standard capacities 

Technology levels 

  System utilization rates 
Exogenous
Uncertainty 

Citizens’ priorities of 
mission capabilities 

Interdependencies and 
disparities among systems 

Technology advance, 
Social network density 

Relationships Production function, 
Cost function 

Technology diffusion, 
System utilization function

Policy Levers Budget allocation,
IT investment portfolio  

Standardization,
Organizational incentives 

Although this modeling exercise is based on the abstract assumptions in regards to 

production and cost functions and a number of speculative parameters about system-mission 

interdependencies and inter-agency distances, it illustrates that when autonomous agencies 

develop more mission-centric (rather than agency-centric) system portfolios, invest in standard 

systems modestly, and build more mission-centric (rather than agency-centric) relationships 

with other agencies, an encouraging evolutionary trajectory can be produced without any 

central commander.  
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Standard interfaces improve interoperability among a broad range of systems while point-

to-point interfaces selectively couple only highly complementary systems. Building operational 

capabilities that activate a wide range of interoperable capacities also takes time. Hence, while 

small investments in standard systems increase interoperable capacities remarkably, but they 

increase mission capability rather moderately. Nonetheless, such untargeted interoperable 

capacities and mission-centric utilization of them may improve the robustness of mission 

capabilities faced with highly uncertain future states. Both the parametric and the probabilistic 

exploratory modeling (by varying the highly uncertain parameters for technology progress, 

interdependency, and inter-agency system utilization) confirm that modest investment in 

standard services jointly with mission-centric operation not only enhances the expected 

outcome but also reduces the variances of outcomes against highly uncertain future states. The 

approach of standard services and mission-centric operation is particularly effective when 

technology progresses faster than expected; inter-agency system utilization falls behind the 

expectation; and interdependencies among multiple missions and systems increase. 

While these thought experiments are highly abstract, speculative and merely suggestive, the 

results are nonetheless interesting. They suggest that modest expansion of investment in 

standard services and building mission-centric inter-agency partnership may substantially 

improve the joint mission capability over the long run (even against challenging environments). 

Case Study: Consolidation of Public Safety Wireless Networks 

By means of a case study of investment in a consolidated wireless communication network 

for public safety missions, Chapter 6 demonstrates that adaptive investment strategies can 

enhance long-term values and mitigate risks. Enhanced connectedness is a critical building-

block that enables public safety agencies to share information in real time across the central 

agencies, local governments and public institutes, and hence better respond to emergencies by 

rapidly mobilizing the complementary resources of other agencies. Communication network is 

also a platform for the interoperation among diverse information systems. However, the 

existing networks are far from supporting these goals because of the lack of interoperability 

across different agencies and the limited geographic coverage.  

The Korean National Emergency Management Agency (NEMA) proposed an ambitious 

investment plan that commits itself to replace existing incompatible public safety wireless 
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networks of 46 agencies with a nation-wide consolidated network (with a budget request of 

KRW 360 billion (about US$ 360 million) over three years). Tcha et al. (2004) conducted a 

preliminary feasibility study using a conventional cost-benefit analysis and approved the 

feasibility of this plan. However, the preliminary feasibility study suggested an inflexible single 

solution over a fixed consolidation scope despite substantial uncertainties. Although the 

preliminary feasibility study identified several uncertainty factors and emphasized the 

importance of risk management, it did not incorporate strategic uncertainties into decision 

models.  

Key investment decisions should be made about the choice of a technical standard, an 

implementation method among many alternatives (including public-private partnership), and 

consolidation scope. A standard choice needs to be made by considering path dependent values 

(i.e. potential synergies with the existing networks), rather than by comparing the values of 

stand-alone systems. This study will examine the alternative of sharing the iDEN-based 

commercial network (public-private partnership) and the alternative of developing a TETRA-

based government network. The heterogeneous potential participants are grouped into a few 

categories of users to help determine the scope of investments. This study defines three 

categories in terms of geographical areas rather than organizational boundaries: metropolitan 

terrestrial areas, nationwide terrestrial areas, and metropolitan underground areas. Exploratory 

analysis investigates uncertainties associated with network life span, inter-agency operational 

effectiveness, and public-private partnership. These uncertainties can be resolved over time and 

through actual implementation. An adaptive investment model starts in the highest pay-off 

area and then makes investment decisions about whether to expand (or redirect standard 

options) to lower pay-off areas, based on new information of the past implementation 

performances and the updated future prospect.  

Because of synergies with (or reuse of) the existing networks and switching costs into new 

networks, investment decisions in the current stage are affected by the past investments. 

Exploratory modeling and real option analysis generate all the plausible paths of sequential 

investments over time and simulate their effects against a wide range of future states. The 

economic net present values for the society (as opposed to the accounting values for the 

governments) are estimated with 7.5 percent as a social discount rate across 75 scenarios 
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derived from combinations of five parameters of the inter-agency collaboration effectiveness, 

five parameters of the network life spans, and three parameters of public-private partnership 

effectiveness. The parametric exploratory modeling finds that the adaptive strategies 

substantially reduce the regrets, compared to pre-commitment strategies (see Figure S-3). Real 

option analysis finds that an adaptive investment starting with the public private partnership of 

sharing the iDEN-based network performs substantially better than the pre-committed 

investment in a TETRA-based network. That is, the exploratory analysis and the real option 

analysis identify that a choice of the iDEN-based network in the first stage will lead to the most 

robust long-term outcomes and design a roadmap about when to expand, switch, or abandon 

platforms over the investment life-cycle. It is because the experimenting with public private 

partnership in the first stage provides valuable information we currently lack about its 

effectiveness. This then yields better-decision making on the investment in nation-wide 

terrestrial and underground infrastructure. In sum, this case study demonstrates that well-

designed adaptive strategy may mitigate the threats and capture the opportunity arising from the 

public-private partnership of providing a nation-wide consolidated network platform. 

Figure S-3. Regrets of the Pre-committed Investment Plan and the Adaptive Investment Plan 
TETRA precommitmentImproved Effectiveness of Inter-agency Collaborations iDEN > Adaptive Improved Effectiveness of Inter-agency Collaborations

iDEN Life span μ-2 μ-1 μ μ+1 μ+2 iDEN Life span μ-2 μ-1 μ μ+1 μ+2
2010 -153,017 -108,415 -81,820 -80,690 -44,330 2010 -23,245 -17,143 -18,016 -38,530 -38,530
2012 -157,318 -97,138 -89,138 -87,554 -79,496 2012 -22,994 -8,928 -31,809 -39,754 -39,208

50% 2014 -172,734 -101,236 -97,030 -95,053 -93,076 50% 2014 -22,777 0 -33,613 -40,814 -40,560
2016 -168,653 -104,657 -102,341 -100,024 -81,218 2016 -22,589 -9,570 -41,731 -41,731 -40,845
2018 -165,007 -109,539 -106,929 -104,318 -44,438 2018 -22,427 -19,888 -42,524 -42,392 -41,087
2010 -153,017 -117,669 -107,844 -98,803 -54,653 2010 -18,203 0 0 0 0
2012 -157,318 -129,994 -117,258 -105,222 -86,712 2012 -14,021 0 0 0 0

80% 2014 -172,734 -152,352 -136,318 -121,586 -106,854 80% 2014 -4,068 0 0 0 0
2016 -173,198 -154,280 -136,277 -119,212 -85,656 2016 0 0 0 0 0
2018 -177,005 -155,832 -136,131 -117,047 -46,343 2018 0 0 0 0 -5,650
2010 -153,017 -148,667 -152,908 -157,368 -126,599 2010 -7,566 0 0 0 0
2012 -167,502 -172,207 -178,225 -184,243 -183,787 2012 0 0 0 0 0

110% 2014 -198,276 -203,576 -210,942 -218,308 -225,674 110% 2014 0 0 0 0 0
2016 -207,487 -214,186 -222,719 -231,252 -223,294 2016 0 0 0 0 0
2018 -215,343 -223,257 -232,799 -242,341 -194,613 2018 0 0 0 0 0

<-100,000< < -50,000< < 0 ) (Unit: KRW Million)
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Chapter 1.  Introduction 

1. Background 

Many contemporary social problems span multiple policy domains. To effectively respond to 

these new challenges, government organizations often form various intergovernmental networks 

and horizontal partnership across administrative boundaries. For instance, Joint Vision 2020 of the 

U.S. Department of Defense (DoD) (2001) emphasizes: 

 To build the most effective force for 2020, the U.S. Armed Forces must be fully joint: 
intellectually, operationally, organizationally, doctrinally, and technically. …  The ability to 
achieve a heightened state of shared situational awareness and knowledge among all 
elements of a Joint force, in conjunction with Allied and coalition partners, is increasingly 
viewed as a cornerstone of transformation. 

The DoD proposes “Network-Centric Warfare”, the embodiment of an information age 

transformation of the U.S. defense service, to provide a force with shared situational awareness 

and knowledge through the dramatic improvements in information sharing.  A number of 

scholars (Fountain 2001, Hagel 2002, Goldsmith and Eggers 2004, Agranoff 2003, Keltner and 

Eden 1997) also claim that public organizations have come under increasing pressure to promote 

horizontal (peer-to-peer) flows of information, work and decision-making across functional 

boundaries. As many government organizations, and society as a whole, move toward ever greater 

levels of networking by leveraging information technologies, the diverse information systems and 

applications owned by various organizations need to be modified to interact effectively. 

According to the studies of the United Nations (2001, 2003) that define the five stages1 for 

achieving e-Government2, the highest rank is the seamlessly networked e-Government. According 

1 1) Emerging: An official government online presence is established. 
2) Enhanced: Government sites increase and information becomes more dynamic. 
3) Interactive: Citizens can download forms, and interact through the web and e-mail. 
4) Transactional: Citizen can conduct online transactions including pay for services. 
5) Seamlessly Networked: Full integration of e-services across administrative boundaries. 
2 "E-Government refers to the use by the general government (including the public sector) of electronic 
technology (such as Internet, intranet, extranet, databases, decision support systems, surveillance systems and 
wireless computing) that have the ability to transform relations within the general government (bodies) and 
between the general government and citizens and businesses so as to better deliver its services and improve its 
efficiency." (http://en.wikipedia.org/wiki/EGovernment)



2

to the UN’s assessment, several advanced countries have reached the transactional stage of e-

Government, but no country has yet reached the seamless network stage.  

Information and communication systems are expected to liberate and expand service options, 

but they have been optimized previously for a specific application to form agency-centric 

vertically integrated stovepipes. They were not generally designed for the flexibility to perform 

multiple applications. Agency-centric and proprietarily developed systems rather tightly constrain 

the flexibility of service expansion and impair the movement toward networked public services. 

While many people recognize the value of inter-agency information sharing, little money and time 

has been spent for cross-agency initiatives to improve interoperability, mutual understanding and 

trust building. Some agencies began to establish online government portals as a means of 

gathering together websites of different agencies, but they are yet merely collections of ‘islands’ 

that are not interoperable. Because networked e-Government services require a high level of 

collaboration, the final transition to the networked stage may be even more challenging than the 

previous transitions (from the emerging stage up to the transactional stage).  

In recognition of such problems, some governments began to renew e-Government strategies 

and related legislation. The most remarkable movement has been the development of the ‘Federal 

Enterprise Architecture’ (FEA) by the U.S. government. Given explicit responsibility for 

overseeing government enterprise architectures by the e-Government Act of 2002, the Office of 

Management and Budget (OMB) is developing a business-based set of interrelated reference 

models for government-wide improvement to facilitate the identification of duplicative 

investment, gaps, and opportunities for collaboration. A number of information technologies (such 

as grid computing and web-services) are also evolving toward a state that will improve mix and 

match possibilities allowing each component of vertical silos to be horizontally shared across 

agencies.

While enterprise architecture schemes and new technologies help identify and couple 

interdependent business processes and system components dispersed across multiple agencies, 

achieving cost-effective interoperability among many systems and collaborative operation of them 

is still quite a challenging long-term task. The pure form strategies of a merger into a monolithic 

system (governed by a hierarchical authority) or creating decentralized point-to-point couplings 

(governed by market-like contracts) often fail to achieve this task. Therefore, in this dissertation, I 
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address myself to the task of achieving cost-effective and flexible interoperability, and will 

propose sharing common foundations as a potential alternative.

2. Shared Services and Standard Interfaces 

Libicki (2000) contrasts the centralized and the decentralized control of inter-organizational 

information technology (IT) managements. Centralized management promotes cross-agency 

rationalization of potentially overlapping responsibilities, improves the interoperability of 

information resources, permits various elements to be tightly integrated, and makes it easier to 

mobilize information flows to support collaboration. On the other hand, the advantages of local 

control of information systems are to: help information better fit its local uses; encourage field 

offices to understand their urgent information needs and allocate scarce resources against them; 

and facilitate user adaptation and innovation.  

To reduce the dilemma between empowering the central managers to assure the cross-agency 

interoperability and empowering the local managers to ensure the supply of information to 

responsibly accomplish their unique missions, it is necessary first to standardize basic supporting 

services and interfaces, and second to let individual agencies build specialized applications 

tailored to their own missions on top of these standard services (i.e. what Libicki calls 

“centralized architecture and decentralized services”). It should be noted that standardization does 

not require everyone to use the same services and infrastructure. Malone notes that “Rigid 

standards in the right parts of a system can enable much more flexibility and decentralization in 

other parts of the system”. Since economies of scale in one part of a process do not require the 

centralization of the whole process, only those parts that are identified as involving important 

economies of scale without undermining the qualities of services need to be standardized, and 

everything else can be decentralized to suit unique service needs. Renkema (2000) points out the 

important role of the common IT elements shared by flexibly cooperating organizations. 

 Until recently, the notion of infrastructure had a rather narrow, technological 
connotation, generally referring to centralized computing equipment and facilities for 
telecommunication. …  [M]ore modern views of IT-based infrastructure use it to refer to all 
long-term IT elements that are in common use in an organization or between organizations. 
As such, the notion of an IT-based infrastructure reflects the increasingly shared and 
coordinated nature of today’s IT investments. The infrastructure provides the base 
foundation that enables subsequent local application of IT, tailored to users’ own 
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characteristics and preferences.  … The main business factors influencing the role of IT-
based infrastructure are the emergence of new, less-rigid and less-hierarchical organizational 
forms, intensified cooperation between organizations and the need to redesign the business 
processes in order to maintain and improve competitive positioning. (Renkema 2000, 
p55)

For instance, Malone (2004) notes that eBay uses the worldwide communication infrastructure 

of the Internet to provide hundreds of thousands of autonomous retailers with the benefits of 

global scale in marketing and distribution without requiring them to give up the freedom, 

personalization, and motivation of store owners. Sellers decide for themselves what to sell, when 

to sell it, how to advertise it, and how to price it. If eBay actually employed all the people who 

sell product through its site, it would be one of the largest employers in the United States (Malone 

2004). As long as the eBay sellers conform to technical standards of the Internet Protocols, they 

may use Internet Explorer or Netscape or some other browser software to reach the eBay service, 

on the basis of any machine or operating system – e.g. Macs, Windows or Linux. Independent 

sellers share the eBay as a shared foundation and build their own services on top of it. This 

Internet-based shared service is not merely a technical infrastructure, but rather an enabling 

foundation for new business processes and applications3.

Building and sharing stable standard services (including business processes, applications, data 

or technical infrastructure) may improve interoperability in a cost-effective manner among a large 

number of interrelated systems. The UK e-Envoy (2002) recommends two types of 

standardization as shown in Figure I-1 to minimize the inappropriate redundancies and maximize 

the synergies. The first is to understand common basic components out of different “stovepipe” 

information systems and reuse common elements horizontally across the public sectors to achieve 

substantial economies of scale. The next is to achieve consistency and coherence between 

different applications by interacting via a standard middleware or referencing a standard data 

dictionary which has a comprehensive structure of data elements. In other words, functionally 

similar and hence substitutable components (mostly basic infrastructure and common support 

functions) can be consolidated as shared services or infrastructure’ that support diverse service-

specific applications. If components are highly heterogeneous yet complementary4, ‘standard 

3 For instance, eBay pioneered a sophisticated standard reputation system (e.g. cumulative rating system). 
4 For instance, diverse applications may create a one-stop service for common customers. 
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middleware or interface’ may improve their interoperability in a cost-effective manner and hence 

maximize synergies among diverse specialized systems. By building shared standard services to 

support or interconnect various specialized applications of participating organizations, 

organizations in a network can jointly achieve their common missions efficiently while retaining 

their own unique resources to pursue individually distinct missions (i.e. achieving economies of 

scale or scope while retaining autonomy and flexibility). 

Figure I-1. Common Services and Standard Middleware  

Government
Common

Information
Model
(GCIM)

(Source: UK e-Envoy 2002) 

This study will examine both kinds of standard services that are horizontally shared by 

multiple autonomous agencies. Weill and Ross (2004) state that all the enterprise’s shared IT 

capability can be integrated into a platform for electronically conducted business. Kogut and 

Kulatilaka (1994) call proactive investments in operating flexibility or jumping-off points to 

enhance strategic adaptiveness in the future ‘platform investments’. Proactive investments in 

standard services that support generic capabilities or improve interoperability with a broad range 

of systems may both be identified as collaborative platform investments5 since these shared 

foundations can enable or expedite autonomous agencies to make add-on reactive investments in 

diverse and unique local applications when future opportunities take place.  

5 It should be noted that our definition of ‘platform’ needs to be distinguished from the narrow technical 
definition of ‘platform’ that is the underlying hardware and software configurations around which specific 
services, components and applications can be developed. A technical platform might include layered operating 
environments on top of a basic OS/hardware combination, such as a virtual machine, a programming language 
runtime, and an application programming interface (OMB 2005; http://wikipedia.com). A broader technical 
definition of platform is “a general-purpose technology that enables a family of applications and related business 
opportunities” (Fichman 2004), and this includes infrastructure platforms (e.g. wireless networking), software 
development platform (e.g. Java), and enterprise application platforms (e.g. ERP). Our definition of platform 
includes not only technical concepts but also business concepts. 
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Kogut and Kulatilaka state that opportunity, uncertainty, discretion, and time dependence 

determine the value of platforms. The demands of complex and integrated public services are 

likely to increase in the future, but the accurate prediction of evolving demands for 

interoperability over time is very difficult. The full-detail ‘blueprint’ methods in a top-down 

manner do not adequately meet the needs of strategic IT planning in complex and dynamically 

evolving environments. Uncertainty makes flexibility valuable, and investment in generic 

capabilities to support many potential applications is more valuable than one with a narrow set of 

opportunities. Standard platforms, horizontally shared across many functional areas and business 

units, are the enabling foundations for local deployments of business-specific applications 

whenever needed. Standard services also improve interoperability among a wide range of diverse 

dispersed applications and hence enable the agile and scalable integration when future 

opportunities arise. The adoption and sharing of innovative standard services is essentially an 

investment in intergovernmental collaborative capabilities, and it takes time to build new 

organizational capabilities. Due to this time dependence, platform investments need to be made 

proactively rather than reactively before the expected future challenges and opportunities actually 

emerge6.

3. Challenges of Platform Investments in Standard Services 

Standard services are a vital part of the IT portfolio that facilitates networking public 

information systems. If the right standard services at the right time effectively support or 

interconnect various unique applications across agencies, standards can enable rapid provision of 

future seamless services as well as cost reduction of current service processes.  

However, there are a number of problems that prevent the wide adoption of a desired standard. 

Switching costs and inertia due to the presence of an installed base of old systems may prevent 

transition toward a superior standard system. Private benefit to an individual agency from joining 

standard services may be less than the social benefit that might stem from positive network 

externalities. Particularly, decisions by earlier adopters of standards affect the decisions of later 

6 Time dependence is particularly valuable in competitive environment. Since other competitors cannot replicate 
the platforms immediately, the competitive advantage becomes more sustainable.  If there is a high chance of 
the first-mover advantages, the value of proactive investment becomes even higher (Kogut and Kulatilaka 1994). 
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adopters, and an inefficiency arising from small differences in initial conditions is likely to 

become expensive (so-called ‘path dependence’). Expectation also matters when individual 

agencies doubt that a superior standard will be widely accepted. For these reasons, a purely 

decentralized approach is likely to result in a sub-optimal standard. Some intervention from above 

or the coordination among potential network participants may be needed. Investments in standard 

services coordinated by a large group of users may also help overcome the start-up critical mass 

problem.  

However, given heterogeneity among users or among the nodes of a network, it remains a 

difficult task to identify the appropriate scope and level of standard services. Kaplan and Norton 

(2001) list the difficulties of estimating the contribution of information systems to value creation: 

1) Improvement in information systems does not directly affect final outcomes but only through 

chains of cause-and-effect involving two or three intermediate stages. 2) Information systems 

have only potential value (i.e. system development cost is a poor approximation of any realizable 

value), and organization process are required to transform this potential value to realized value. 3) 

The value of a system is interdependent with that of the systems with which it is networked. These 

difficulties are especially evident with standard enabling services that indirectly affect a wide 

range of systems and inter-organizational processes. While standard services take advantage of 

economies of scale and scope, they are costly to change because they are shared by many agencies. 

Further, it is difficult to choose the most appropriate mechanism among centralized, decentralized, 

and the many hybrid approaches to coordinate actors with different goals and preferences for 

building standard services.   

Individual IT infrastructure can be located at an enterprise-wide or business unit level. 
Many enterprises are shifting business unit infrastructure capability to enterprise level to achieve 
business objectives such as a single point of customer contact or economies of scale. Determining 
where to locate infrastructure services, how to price services, when to update services, and 
whether to outsource services are key infrastructure decisions. (Weill and Ross 2004; p40)

Moreover, platform investment in standard services is also a risky task because the solutions 

to those above questions may vary depending on uncertain future states. Fichman (2004) states 

that technological advance, network effects and organizational learning magnify the uncertainties 

arising from platform investments. If new standard systems, based on radical innovations with 

wide-ranging effects on businesses and industries, replace, rather than build on, existing systems, 



8

project uncertainty increases. Network effects associated with standards also increase investment 

uncertainty due to all-or-nothing dynamics arising from competition over standards. If platform 

investment is not matched with inter-agency operational capability, standard services will be left 

under-utilized and obsolete after some time. Inter-agency collaborative operation may be steered 

by a variety of incentives and sanctions, but hardly be controlled from a top-down perspective 

because inter-agency networks are organized by self-governing agencies mostly without a central 

authority. Overall, the value gained from platform investment in standard services is subject to 

internal uncertainties (with regards to system development), external uncertainties (with regards to 

social demands and technology changes), and particularly interaction risk (with regards to 

network effects, evolving inter-agency collaborative capability and underlying social networks) 

(Kulatilaka, Balasubramanian and Storck 1999).  

To mitigate such diverse uncertainties, the National Task Force on Interoperability (2003) 

emphasizes the importance of strategic experimentation on the basis of realistic expectations.  

 Improving interoperability is a complex endeavor. There are no “one size fits all” 
solutions. It may require agencies and jurisdictions to develop new and improved working 
relationships and could involve substantial changes in how individual agencies operate in 
terms of communication. Expect to make progress, but allow adequate time for the progress 
to be substantial. Sometimes the most progress is made through small steps that test 
strategies and approaches. These can provide a firmer foundation for future success. 
(National Task Force on Interoperability 2003) 

In today’s rapidly changing economic, social and technological environments, investment 

managers need to adopt adaptive strategies that periodically monitor multiple measures of internal 

performances and external conditions and flexibly redirect platform investments by adjusting the 

scope, timing and scale of standardization to capture opportunities and mitigate downside losses 

(Amram and Kulatilaka 1999).  However, because an adaptive and flexible strategy for platform 

investments must resolve the dilemma between long-term outcomes and short-term accountability, 

it requires special attention as to when managers should flexibly terminate or redirect troubled 

projects. For this purpose, managers must understand the sources of uncertainty and the menu of 

opportunities, and define strategic hypotheses that causally link ultimate outcomes and 

performance drivers. Various analytic methods and exploratory modeling can be used to 

illuminate the trajectories of value creation from new investment to outcome across the ensembles 

of scenarios, and identify when discretion for flexible adjustment should be taken. 
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4. Research Objectives and Outlines of the Dissertation 

Platforms investments in standard services have rarely benefited from economic analysis and 

policy simulation. This research aims to provide a systematic framework to help design, assess, 

and implement adaptive investments in standard services that are consistent with the evolving 

course of networked public services and are also robust against technological and behavioral 

uncertainties over the long-term horizon. Adaptive investment strategies will consider both path 

dependencies and future prospects, and smooth the migration from the current capabilities to the 

target capabilities. This thesis argues that by designing and implementing adaptive strategies for 

investments in standard services with the aids of exploratory modeling, diverse complementary 

systems of autonomous agencies can converge on networked public services in an evolutionary 

fashion, greatly enhancing their long-term values and significantly reducing downfalls.  

To provide evidence for this proposition and illustrate a method for implementing it, this 

thesis will first identify a set of policy levers for investments in standard services (mainly in 

chapter 4), and identify the exogenous and relational factors (e.g. future states of 

interdependencies, coupling costs, state of social networks) that critically affect the values of 

alternate standard services (mainly in chapter 5), and finally search for robust strategies by testing 

all the plausible paths of adaptive investments against a wide range of critical uncertainties 

(mainly in chapter 6).  

This thesis will start with economic analyses based on theory in chapter 4, then present 

evidence from simulation exercises in chapter 5, and finally illustrate real problems and practical 

solutions through a case study in chapter 6. Each method of inquiry has very different strengths 

and weaknesses, so that a criticism of one based upon its limitations can be answered by use of 

another. In sequence, they attempt to lead the reader through a series of propositions that suggest a 

solution to the manager’s problems. While they may not present a final answer to the unique 

problems faced by individual organizations, they provide conceptual and practical tools for 

identifying a number of standardization alternatives and designing strategic investment plans. 

Chapter 2 (Literature Review) 

Chapter 2 will review the literature to identify the trends and the vision of evolving networked 
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public services and the current and future opportunities and challenges. Especially, it will analyze 

how intergovernmental collaborative networks and interoperable system networks co-evolve. 

Then, it will identify various types of standard enabling services that facilitate seamless public 

services, and introduce strategy and governance issues for platform investments. 

Chapter 3 (Analytic Frameworks)  

A new framework is needed to properly evaluate strategic initiatives to network 

interdependent business processes and underlying IT systems across agencies. Chapter 3 will 

review the evolution of government enterprise architecture as a tool to define system-to-mission 

interdependencies and identify the logical linkages between enterprise architecture and 

investments in standard services. It will illuminate a number of concerns about standard service 

investments using two contrasting examples. Then, it will introduce three research methodologies 

to be used to help design adaptive and robust platform investment strategies in the following 

analytic chapters. 

Chapter 4 (Economic Analysis)

Chapter 4 will identify key policy levers to design and implement standard services and assess 

their effects across a wide range of scenario spaces. The thesis explores this by extending previous 

network economics studies and developing parametric models that explicitly incorporate 

heterogeneity among users or among the nodes of the network.  

If the commonality is high and redundancy adds little value, common service components can 

be consolidated into a standard service shared by most agencies. However, a “one-size-fits-all” 

consolidation approach may not satisfy the diverse demands of service levels among user agencies. 

Instead, one may develop modular services that are layered on each other so that everyone uses 

the same basic modules and more demanding users use add-on modules layered on top of the 

basic modules (Lutchen 2004). Economic analysis will compare a “one-size-fits-all” approach, a 

competition approach, and a complementary modular approach in delivering shared common 

services. It will prove that a modular approach can ensure adequate flexibility to accommodate 

different demands among diverse users. To acquire horizontal modules, agencies may individually 

outsource standard modular services, or a central authority may provide government-wide 

standard modular services. Hybrid approaches also exist. If each agency individually procures 
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common services from a for-profit firm7, the risks associated with developing and sharing 

common services by all the agencies can be avoided, but the firm may exert some level of 

monopoly power that leads to a deadweight loss. If complementary modules are produced by 

different developers (possibly across public and private sectors), network externalities among 

them may result in underinvestment. This study will evaluate various strategies to procure 

horizontal modular services for a complete set of government agencies that have different 

marginal willingness to pay for service level (represented by a taste parameter), and explore 

which approach achieves the largest welfare gain in what circumstances. 

If heterogeneity among complementary components is high, middleware and interfaces may 

be developed for the interoperation among heterogeneous systems. Most previous studies of 

network effects have examined networking of homogeneous systems and data models (e.g. the 

community of exchanging e-mail, faxes, and music files written in the same format), but seamless 

public services require peer-to-peer interactions across technologically heterogeneous systems and 

semantically diverse data models. Many information system practitioners (Hagel 2002; Kaye 

2003) have pointed to the surging cost of integrating heterogeneous systems as the biggest barrier 

against the realization of network effects. This study will conceive a conceptual measure of 

heterogeneity between systems using the ‘distance’ parameter. The benefits and the costs of 

coupling incompatible systems will be parameterized as the functions of the disparity distances of 

links, as opposed to the simple number of links (by avoiding overly optimistic assumptions such 

as increasing returns to scale). Individual agencies may develop point-to-point tailored interface 

bilaterally, or a central authority may provide a government-wide standard interface, or a number 

of decentralized local standard interfaces can be developed as a hybrid approach. While designing 

an overarching ‘supra-standard’ interface avoids redundant investments in overlapping local 

standards8, the costs of developing it for interactions across all the sectors consistently and 

completely may be overwhelming (Wordon 2000). This study will explore which approaches 

achieve the largest welfare gain and what are the optimal scopes (in terms of distance) for 

7 The U.S. Recruitment One-stop Initiative (see Appendix A-1) and the U.K. Airwave Initiative (see Chapter 6) 
are the examples of horizontal services sourced from for-profit firms. 
8 Local data standards on specific themes may overlap with related ones (e.g. geo-spatial standards for 
environmental management and for urban planning). 
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interface coverage against a wide range of scenario spaces. 

Chapter 5 (Agent-based Modeling) 

While chapter 4 analytically searches for the static optimal solutions in controlled contexts, 

chapter 5 attempts to test the long-term dynamic effects of incremental investments in standard 

services in more comprehensive contexts (i.e. by modeling heterogeneous interdependent relations 

among nodes that have heterogeneous service attributes and levels). Networking governments 

involves two steps: 1) efforts to identify complementary systems across agencies and improve 

their interoperability or reusability, and 2) collaborative operation of the networked systems to 

achieve missions effectively. While chapter 4 examines investments in standard services 

separately from other related decisions, chapter 5 aims to examine the effects of incremental 

investments in standard services jointly with overall IT portfolio and intergovernmental operation 

policies. For this purpose, this study will define ‘agency-centric’ and ‘mission-centric’ policies for 

IT portfolio and intergovernmental operation as follows: 

Agency-centric vs. Mission-centric IT investment portfolio: Investment managers allocate 

a given budget to the development of not only their own systems but also interfaces and 

middleware that integrate complementary systems of other agencies. To identify the 

optimal IT investment portfolio, managers should frequently assess the interdependencies 

among their own systems and potentially complementary systems of other agencies. 

However, the investment portfolio is often biased toward their own systems and linkages 

with similar systems, and this study will call such a biased portfolio ‘agency-centric’. 

When the investment portfolio is aligned with the optimal interdependencies without bias, 

such portfolio will be called ‘mission-centric’. 

Agency-centric vs. Mission-centric intergovernmental operation of networked systems: A 

number of inter-agency social network drivers may affect the productivities of cross-

agency networked systems. This study identifies six social network drivers (similarity, 

reciprocity, centrality, mission priority, cross-agency interdependencies, and transitivity), 

and assumes that they jointly determine the inter-agency operational effectiveness. When 

similarity and reciprocity are dominant organizational drivers, this study will call such 
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operations ‘agency-centric’. When cross-agency interdependencies and transitivity are 

dominant organizational drivers, such operations will be called ‘mission-centric’.  

As Fountain (2001) claims that information technologies and organizational arrangements 

reciprocally influence each other, inter-agency system networks and social networks are likely to 

interact and co-evolve in highly complex manners. Analyzing inter-agency collaborative 

operation of networked systems is very difficult due to the uncontrolled dynamics that 

independent actors in a network may interactively create. Instead of leaving the productivity of 

operating networked systems as a black-box in the model (like static analyses in chapter 4), this 

exercise will apply social network analysis methodology and explicitly model the effects of a 

number of organizational drivers on intergovernmental operational capabilities as a function of 

social network parameters. By producing an agent-based model, chapter 5 will provide policy-

makers with a simulation-based demonstration illustrating how autonomous agents build and 

network complementary systems and operate them in a decentralized environment over time. This 

modeling exercise will illuminate the evolutionary paths of mission capabilities generated from 

modest incremental investments in standard services and different organizational drivers. 

Although this is a highly stylized simulation exercise, sensitivity analysis – by varying the highly 

uncertain parameters for technology progress, interdependencies, and inter-agency system 

utilization – will test the robustness of each policy lever in terms of the variances of outcomes.  

Chapter 6 (Case Studies) 

While chapter 4 and 5 help our general understanding about investments in standard services, 

they do not provide a practical guidance to actual investments. Chapter 6 attempts to illustrate 

some guidance by means of a case study of investment in a wireless communication network for 

public safety missions. Public safety networks can be incrementally upgraded by a backward 

compatible one or replaced by a disruptively innovative one. While chapter 5 will simulate the 

effects of incremental standard expansion over time, chapter 6 will analyze the investment 

decisions about transitioning from existing incompatible networks to a new shared platform.  

The Korean National Emergency Management Agency (NEMA) proposed an ambitious 

investment plan that commits itself to replace existing incompatible public safety wireless 

networks of 46 agencies with a nation-wide consolidated network network (with a budget request 
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of KRW 360 billion (about US$ 360 million) over three years). Tcha et al. (2004) conducted a 

preliminary feasibility study and approved the feasibility of this plan through a conventional cost-

benefit analysis. The author finds that the preliminary feasibility study was unsatisfactory because 

of the limited exploration of alternatives and the negligence of heterogeneity among potential 

participants. Most of all, the preliminary feasibility study suggested an inflexible single solution 

over a fixed consolidation scope despite substantial uncertainties. Although the preliminary 

feasibility study identified several uncertainty factors and emphasized the importance of risk 

management, it did not incorporate such risk factors into investment decision models. This 

chapter will explore the uncertainties associated with network life span, inter-agency operational 

effectiveness, and public-private partnership. Faced with technical, market and organizational 

uncertainties, key investment decisions should be made about the choice of a technical standard, 

an implementation method among many alternatives (including public-private partnership), and 

consolidation scope. 

This study will illustrate how adaptive investment strategy can be designed with the aids of 

exploratory modeling and real option analysis. This study will design a three-stage adaptive 

investment model that starts in the highest pay-off area and then makes investment decisions 

about whether to expand (or switch) to lower pay-off areas, based on new information of the 

previous-stage performances, technology prospects and evolving services demands. Because of 

network effects and switching costs, the investment decisions in the current stage depend on the 

path of the past decisions as well as renewed future expectations. Exploratory modeling or real 

option analysis generates all the plausible paths of sequential incremental investments over time 

against a wide range of future states to help managers “start robust, then adapt (Light 2005)”. That 

is, before the actual launch of the project, the exploratory analysis identifies a choice of opening 

standard in the first stage that will lead to the most robust long-term outcomes and designs a 

roadmap about when to expand, switch, or abandon network platforms over the investment life-

cycle. This case study will demonstrate that well-designed adaptive investments will greatly 

enhance long-term values and significantly reduce downfalls. 
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Chapter 2.  Literature Review on Public Service Networks  

Two kinds of intergovernmental networks – collaborative social networks and interoperable 

system networks – are emerging out of government’s functional stovepipes. These social and 

technical networks mutually reinforce each other and co-evolve. This chapter will review the 

emerging trends of cross-agency collaborative networks and multi-agency e-Government 

initiatives. Then, it will introduce various types of enablers that will facilitate public service 

networks, and discuss the strategies and governance for platform investment. 

1. Intergovernmental Collaborative Networks 

Needs and Forms of Collaboration 

The dominant structural forms of governments are stovepipe organizational units which have 

clear, mutually exclusive areas of responsibility, control and political accountability. However, 

functionally divided organizational structure is poorly suited to a competitive and resource-

constrained environment since redundant layers of management and duplication of tasks across 

organizational units increase overhead costs (Keltner and Eden 1997). A report of the U.S. 

National Commission on the Public Service (2003) finds that there exist many examples of 

overlap and duplication in federal programs where cross-agency communication and coordination 

rarely takes place. One example is that 29 agencies collectively share responsibility for federal 

clean air, water and waste management programs, so the opportunity for duplicative or even 

counterproductive regulatory requirements is significant. Since EPA’s budget is only 18 percent 

of federal spending on environmental and natural resource programs, the EPA’s missions cannot 

be achieved without the coordinated and collaborative efforts of many federal partners (National 

Commission on the Public Service 2003).  

On the other hand, many contemporary policy challenges span multiple policy domains, 

falling outside the jurisdiction or specialized competence of any one agency, and require the 

mobilization of dispersed expert knowledge and resources. Citizen-centered government reforms 

aim to present citizens with a coherent, integrated package of government information and 

services to provide higher levels of value than separate services provided by individual agencies 

(OECD 2003). From the citizens’ point of view, government should appear as one organization. 
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Making use of “life events” for citizens (e.g. getting married, moving home) and “business 

episodes” for enterprises (e.g. founding a company), government can deliver citizen-centered 

public services, instead of making citizens and enterprises deal with the specific functional 

agencies (Commission of the European Communities 2003, IDA 2004).   

Hence, there are growing needs for intergovernmental collaboration and coordination. Table 

II-1 and Figure II-1 list several forms of collaboration. Merger of interrelated bodies into single 

organization based on hierarchy is located on one end of the collaboration spectrum. Hierarchy 

delivers public services through “vertical integration, clearly defined spheres of authority, 

command-and-control leadership, an emphasis on rules, routines and standard operating 

procedures (Hudson 2004)”. The most remarkable example is the creation of the Department of 

Homeland Security (DHS) which integrates 22 diverse agencies specializing in various disciplines 

including law enforcement, border security, biological research, disaster mitigation, computer 

security, and natural disaster response to produce synergy for better security against terrorism. On 

the other end of the collaboration spectrum, public services can be delivered through privatization, 

competitive sourcing (including outsourcing) and franchising (Gansler 2004). Large multi-

functional bureaucracies are broken up into specialized agencies contracting for services with a 

variety of public, private and non-profit providers. 

Table II-1. Forms of Collaboration and Rules of Governance  
Form of 

collaboration 
Merger of 

interrelated 
bodies into 

single 
organizations 

Federal 
structure in 

which 
participants 

devolve 
upwards 

some of their 
autonomy 

Agreement 
to constitute 

formal 
governing 

body 

Agreement 
to undertake 

activities 
jointly 

Limited 
agreement 

to share 
information

Loose
network of 
informal 

relationships 

Market 
exchange 
through 
contracts 

Rules of 
governance 

Hierarchy External 
governance 

through 
overarching 
constitution 

 Self-
governance 

through 
shared values 

and trust 

Arm’s length 
legal 

contracts 

Organizational 
terminology 

Integration Federation Stable Network based on Partnership Ad-hoc 
network 

Supply chain

(Source: Modified from Sullivan and Skelcher 2002) 
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Figure II-1. Forms of Collaboration and Degree of Centralization9

Centralization Decentralization

Merger of related bodies into

a hierarchical organization

Federal structure

(overarching constitution)

Stable Network based on

Partnerships  (coordination)

Market exchanges,

Ad-hoc network

Centralization Decentralization

Merger of related bodies into

a hierarchical organization

Federal structure

(overarching constitution)

Stable Network based on

Partnerships  (coordination)

Market exchanges,

Ad-hoc network

(Source: Modified from Gassmaan and Zedtwitz 2003) 

Benefits and Barriers of Network  
Hierarchy tends to emphasize procedures at the expense of results and lead to 

compartmentalized approaches to social problems. On the other hand, vertical disintegration 

based on quasi-market contracts makes coordination and a holistic approach to service delivery 

difficult, and competition and the contract culture often promotes self-interested behavior and low 

trust rather than the public interest and high trust relationships (Hudson 2004).  

Between hierarchy and market, various forms of network and partnership exist10. Network is a 

loose (i.e. dynamic and task-focused, not structure-fixated) coupling of voluntarily participating, 

horizontal rather than vertical organizations in non-hierarchical and decentralized environments 

(Hill 2002). Organizations in both public and private sectors increasingly form collaborative 

networks (e.g. intergovernmental collaboration, corporate alliances 11 , and public-private 

9 The comparison of Figure I-1 and Figure II-1 uncovers notable resemblances between standard service models 
and intergovernmental collaborative network models. Shared service model is similar to federal structure, and 
standard interface model is comparable to coordinated stable network. 
10 “Not all networks are alike. Some come together primarily to provide information and some do more by also 
mutually developing capabilities, whereas others additionally provide new programming opportunities for their 
component organizations, and still others make joint decisions and take action (Agranoff 2003)”. 
11 Most large companies have “evolved from command-and-control structure with sharply defined boundaries 
into loosely-knit organizations” with at least 30 alliances (Bamford and Ernst 2002). Ernst and Halevy (2000) 
examined the effect of alliance announcement on share prices and found that alliances are better received than 
mergers and acquisitions in fast-moving, highly uncertain industries like electronics, mass media and software. 
They are also preferred choices for companies trying to build new business or enter new geographies. Multi-
partner alliances and consortia tend to be well received, particularly for setting standards. Many of the most 
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partnerships). Three main characteristics of network structures are: a common mission, 

interdependent members, and horizontal partnerships (not top-down authority) (Keast et al 2004). 

Networked government represents the confluence of four trends: third-party government (using 

private firms and nonprofit organizations to deliver public services), joined-up government (cross-

agency joint provision of integrated services), the digital revolution (enhancing real-time 

collaboration capabilities), and increased citizen demand for government services (Goldsmith and 

Eggers 2004). Table II-2 summarizes the benefits and the barriers of networks. 

Table II-2. Network Benefits and Barriers  

Network Benefits Network Barriers 
Diversity 
Pooled resources 
Enhanced reputation 
Improved communication  
Opportunities to learn 
Reducing duplications 
Development of new products and services 
Quicker adjustment to rapid changes 
Improved performance 
Gain of legitimacy 

Risk of losing autonomy 
Conflicting priorities 
Inwardly-directed budgets 
Financial imbalances between participants 
Geographic distance 
Lack of centrality (mediator) 
Risk of losing competitive position 
Loss of time 
Population characteristics 

(Source: Modified from Hill (2002)) 

Agranoff (2003) claim that since knowledge is non-hierarchical (in that it is required for a 

situation where professional performance needs to be applied regardless of organizational 

position), portable knowledge application and rapid access to information can and has led to the 

disintegration of large-scale organizations into more flexible structures such as the networks. 

Though internal expertise remains necessary to evaluate the expertise of external partners, inter-

organizational partnerships facilitate access to new information and expertise that is not easily 

built within the agency12 (Fountain 2001). Because each agency specializes by the type of service 

successful business builders use alliances to position themselves at the center of a network in which they can 
leverage expensive intangible assets without owning them.  
12 Fountain (2001) claims that horizontal networks consisting of people with different perspectives tend to have 
a greater capacity to adapt to change and leverage new technologies.  
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offered, by the type of clientele served, or by virtue of its access to certain funding sources, 

networks of public organizations may improve aggregate productivity by reallocating tasks to 

more effective specialists, eliminating non-optimal duplication, and enabling specialists to 

exchange information, view service recipients in a holistic way, and work interdependently to 

jointly formulate implement policies and programs (Bardach 1994). 

Hagel (2002) call the mobilization of complementary assets of others ‘leveraged growth 

strategies’ since it can create more value than each could deliver independently. Networking the 

resources of other agencies could enable agencies to adapt more quickly to changing social 

demands, without the substantial lead times and the fixed cost component required for internal 

development. While the traditional hierarchical structure effectively handles stable service 

processes, more decentralized flexible organizational structural forms with more open boundaries 

and compatible processes could possibly better adapt to uncertain and changeable environments.  

However, networking many jurisdictionally independent and geographically dispersed 

organizations and their systems is more complex than outsourcing contracts. Budget-making, 

statutes and regulations are agency-centric due to laws and oversight institutions, and these 

institutional structures tend to work too slowly and rigidly to allow governments to organize 

networked responses to opportunities and problems. Agencies often fight for turf, and sometimes 

resist the coordination of cross-agency information sharing since it may threaten their autonomies. 

Co-evolution of Network and Hierarchy 

Given the above difficulties, we need to selectively implement network models depending on 

the nature of services and their environments. Table II-3 summarizes the factors determining how 

to select an appropriate governance model. In short, a network model can be more effective with 

dynamically evolving environments and clearly defined desired outcomes while hierarchy can be 

more effective with stable environments and ambiguous outcomes. 
The evolving ability to organize, coordinate and control complex policy domains will continue 

to modify government structure and government-business relationships (Fountain 2001). 

Particularly, hierarchies and networks will mutually interact and co-evolve. On one hand, 

although many complementary agencies are vertically integrated into one hierarchy, the success 

of the DHS to improve homeland security in a decentralized government system will still depend 

on well-functioning collaborative networking with other federal agencies such as the State 
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Department, the FBI, the Central Intelligence Agency, the Department of Defense, and the 

Department of Health and Human Services, as well as with state and local governments and the 

private sector13. On the other hand, while federal agencies, state and local governments, nonprofit 

organizations and private sectors become increasingly networked, hierarchies will remain core 

actors of networked governments “because they continue to possess a legitimacy to approach 

public problems and policy solutions, retain important legal authority to set rules and norms, 

contribute financial resources to programs, and retain some of the information and scientific 

knowledge needed to approach problems (Agranoff 2003).” Since the nation-state will require 

large complex bureaucracies for the foreseeable future, growing intergovernmental networks will 

not replace hierarchies or bureaucracies, but will be overlaid on a formal bureaucratic structure to 

make hierarchies work better (Bardach 1994; Fountain 2001).  

Table II-3. Factors Determining Government’s Choice of a Governance Model  

Factors favoring Network Model Factors favoring Hierarchy Model 
Dynamically evolving environments 
Desired outcomes clear 
Need for flexibility 
Need for differentiated response to clients 
Need for diverse skills 
Many potential private players available 
Multiple services touch same customer 
Third parties can deliver service at lower cost 
Rapid changing technology 
Multiple agencies use similar functions 

Stable environments 
Outcome ambiguous  
Stability preferred 
Need for uniform, rule-drive, response 
Only a single profession skill needed 
Government predominant provider 
Service is relatively stand-alone 
In-house can deliver service more economical 
Service not affected by changing technology 
Single agency uses similar functions 

(Source: Goldsmith and Eggers 2004) 

Network Management and Ties of Network 
Batorski and Hughes (2000) suggest the stages of organizational evolution as shown in Figure 

II-2. First, traditional functional stovepipes are shifted to end-to-end, cross-functional service 

13 For instance, Kamarck (2002) suggests that creating a public sector network to issue smart ID cards 
containing a standardized hologram and biometric data, and linking states’ department of motor vehicle 
databases will solve a problem of a lax system of acquiring identification card (namely driver’s licenses), and 
hence increase security against terrorist and other non-terrorist related benefits to the society. 
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processes. Continued focus on process can lead to a tight coupling of interrelated process 

components, and hence, new or greatly improved mission capabilities. To support higher levels of 

flexibility and cost competitiveness, organizations concentrate on their core competencies and 

form networks (alliances) with partners that have complementary capabilities.  

Figure II-2. Process Centering and Organizational Evolution (Source: Batorski and Hughes 2000) 

Networks require a different form of management – one that is facilitative rather than based 

upon command and control. They can be steered using a variety of incentives and sanctions, but 

cannot be totally controlled using a top-down approach because a network is “a set of self-

organizing working relationships among actors (Bardach 1994)” and a single central authority 

does not exist. The focus should be on coordinating actors with different goals and preferences 

within a network of inter-organizational relations. Trust is the bedrock of collaboration or 

knowledge sharing. Instead of totally relying on hierarchical commands or contractual 

arrangements, network structures rely on trust to work to their mutual benefits.  

Table II-4 compares the management perspective of hierarchy and network. Tightly coupled 

business processes (i.e. detailed specifications for every activity of the process) of hierarchies may 

be efficient in the near term, but are difficult for reengineering since changes to activities in one 

part of the process can have unanticipated adverse consequences in other parts of the process. 

Loosely coupled business architecture14 allows the dynamic reconfiguration of diverse service 

modules of many partners to meet emerging service needs, and the capabilities of individual 

service modules can be evaluated independently (Hagel 2002). Network management exercises 

oversight and supervision not through direct physical supervision by middle managers, but 

through information exchanges and performance measurement systems. The measures of process 

14 “Modularity concepts are at the heart of building capabilities amid uncertainty.  Thus, we develop 
relatively generic capabilities that can be combined suitably to meet the needs.  In competitive environment, 
rapid and flexible assembly capability is particularly important. (Davis 2002)” 
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performances make members of cross-functional teams accountable for accomplishing their 

mandates while retaining autonomy.  

Table II-4. Classical and Network Management Compared  

Perspectives Network Perspective Hierarchical Perspective 
Setting Divided authority structure Single authority structure 

Leadership Mediator, network builder System controller 

Management Providing incentives to guide interactions Planning organizational processes 

Integration Loosely coupled business process Tightly coupled business process 

Rules Improvement of performances and results Compliance with procedures  

Renewal Continuous reconfiguration Infrequent reengineering 

Rewards Continuous specialization Experience effects 

 (Source: Incorporating the ideas of Hudson (2004) and Hagel (2002)) 

Technology can help organizations collaborate and build trusting relationships with others by 

reducing transaction costs. A good example is the World Wide Web that was developed as a 

CERN project, by Tim Berners-Lee in 1989, to meet the demand for automatic information 

sharing between scientists working in different universities and institutes all over the world. 

About 6500 scientists and engineers (representing 500 universities and 80 nationalities) 

internationally collaborate on experiments conducted at CERN (the European Organization for 

Nuclear Research), and the large computer center at CERN, containing very powerful facilities to 

process and analyze large experimental data, has been a major wide area networking hub because 

of the need to make them available to researchers elsewhere. 

Information technology is a key to the successful functioning of networked organizations as 

database and software technologies support the performance measurement of cross-functional 

collaborative operations (Fountain 2001). Performance feedback should be consistent and rapid to 

evaluate specific improvement actions. Since longer-term trends in performance are also 

important, data must be archived and continually reanalyzed. For most public services, some 

problems in performance-based management have been weak computer systems in which data are 

not entered in real time and not integrated well. 
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2.  Technology-enabled Public Service Transformation 

Current e-Government 

Governments of the advanced economies are already major users of information technologies. 

The U.S. federal government, the world’s largest consumer of information technologies, spent 

about $48 billion in 2002 and $53 billion in 2003, accounting for about 2.4 percent of the total 

federal budget (OMB 2002; 2003). The beneficial effects envisioned for so-called “e-

Government” on delivery of public services include: efficiency gains, enhanced quality of service, 

more effective outcomes, achieving savings, improving the overall trust relationship, and most 

importantly, modernizing and transforming government structures and processes (OECD 2003). A 

report by the Commission of the European Union (2003) claims that e-Government is not old 

government plus the Internet, but the use of new technologies to transform governments and to 

improve radically the way they work with their customers including citizens, enterprises, or other 

agencies. OMB also defines e-Government as “the use of digital technologies to transform 

government operations in order to improve effectiveness, efficiency, and service delivery” 

(Forman 2003). ‘Expanded Electronic Government’ is one of the five key elements of the U.S. 

President’s Management Agenda. 

However, OMB (2002; 2003) states that the information technology (IT) investment of the 

U.S. federal government has not produced measurable gains in public worker productivity as 

opposed to the 40 percent increase in productivities achieved by the private-sector. According to 

OMB (2003), agencies rarely use the full capability of their information systems. Rather, they 

tend to utilize new information systems to reproduce existing outdated processes, rules, and power 

relations – so-called ‘paving the cow-path’ (OMB 2003; Fountain 2001).  

IT offers opportunities to break down obsolete bureaucratic divisions. Unfortunately, 
agencies often perceive this opportunity as a threat and instead make wasteful and redundant 
investments in order to preserve the chains of command that lost their purpose years ago. 
Financial systems are often automated separately from procurement system, which are in 
turn carefully segregated from human resources systems, significantly increasing costs and 
minimizing potential savings. Likewise, with rare exceptions, agencies shun opportunities to 
work together to consolidate functions like payroll (OMB 2002).

They fail to link IT capabilities with business needs, and hence fail to improve mission 

performance. The evaluation of the U.S. federal e-Government initiatives shown in Figure II-3 
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confirms the limited implementation of transformational efforts. 

Figure II-3. Number of U.S. Federal e-Government Initiatives by Stage (as of January 2001) 

(Secondary source: GAO 2003; Primary source: General Services Administration 2001) 

OMB (2003) identifies that current challenges include the need to migrate agency-unique 

solutions to cross-agency e-Government solutions; to generate more citizen-centered services; to 

consolidate redundant IT investments; and to implement government-wide architecture 

governance. Since 2003, OMB has encouraged federal agencies to use the Business Reference 

Model to consolidate cross-agency IT investment and service delivery along the ‘Line of 

Business’. Using the Business Reference Model, OMB identified as much as 20 percent of agency 

IT budget requests that could benefit from cross-agency joint approaches (OMB 2003). Besides, 

when the e-Government Act of 2002 authorized the budget for facilitating the transition toward 

cross-agency e-Government solutions, OMB launched the Presidential cross-agency initiatives. 

Appendix A-1 summarizes the program descriptions and Figure II-4 describes their leading 

agencies and active and potential partners.  

For instance, the EPA’s ‘Online Rule-making’ (http://regulations.gov) allows the public to 

search, view and comment on hundreds of proposed federal regulations from approximately 160 

federal agencies. This initiative not only saves redundant IT investments, but also facilitates rule-

making process reengineering and policy coordination among related agencies. Although these 

cross-agency e-Government initiatives have started small15, they are expected to gradually replace 

the agency-centric e-Government services over the long-term horizon.  

15 Since the E-Gov fund ($345 million over four years authorized by the e-Government Act of 2002) is less than 
0.2 percent of the total federal IT budget, these 24 e-Government initiatives are merely small pilot projects to test 
the potential values of networked e-Government and identify barriers to overcome. 
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Figure II-4. Planned Systems–Mission Mapping Matrix for 22 e-Government Initiatives16

(Colored cells: leading agency,  X: stated partners,  o: potential partners) 
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Local govt X X X X

(Data sources: GAO 2003 and Websites of 22 e-Government Initiatives) 

Emerging Ubiquitous Computing Paradigm 

Developments in technology at the convergence of biology, nanotechnology and information 

technology are expected to produce great changes in the coming decades. Wireless networks of 

nearly invisible miniature sensors and embedded computing may soon offer the capability to 

sense and respond to previously unknown environmental patterns. Weiser (1991) and Fukuyama 

and Wagner (2000) expect that people would come to view such ‘ubiquitous computing’ as part of 

their environment. Ubiquitous computing opens the prospect for expanded sensing and tracking 

16 Out of the total 24 Presidential Initiatives, only 22 Initiatives are multiple-agency initiatives. 
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capabilities and wide-area measurement capabilities17 (Nagumo 2002). Especially, wide-area 

measurement capabilities derived from wirelessly networked sensors may contribute to building 

major new capabilities in 1) national security and emergency; 2) environment and resources; 3) 

oceans and in-land water; 4) sustainable cities and settlements; 5) health effects and risk factors; 

and 6) transportation (Kallai 2003). 

Like global investment banks, organizations often need to respond to the whole picture of a 

globally aggregated situation although knowledge is dispersed and resides with local experts. In 

order to transform from dispersed and fragmented local knowledge to globally shared situational 

awareness, informational arrangements need to enable geographically dispersed organizations to 

construct a transparent networked forum for making organizational processes and activities 

externally manifest (Cetina and Bruegger 2001). Ubiquitous computing might fuse the wide 

coverage of multimedia human-sense information collected from networked sensors, and create a 

shared situational awareness18 using data mining technologies.  

Taking advantage of micro-electronic mechanical systems (MEMS) and nano-technology, 

smart sensors may be widely capable of multiple types of detection. A wide variety of 

“sensornets” (billions19 of networked hand-held devices, embedded processors, sensors and 

actuators) in space, on and under water, and on the ground may come to cover a wide area of the 

real world (Atkins et al. 2003). Information from sensor network may be transmitted through 

broadband wireless infrastructure and stored in multiple interconnected databases. Long-term, 

17 Ubiquitous computing networks, combined with the advancements in analyzing biomedical information, may 
transform health-care services from a standardized set of practices that treat symptoms of disease to 
individualized treatment for the underlying cause of disease through understanding individual’s biological 
changes (Fukuyama and Wagner 2000). Information about the patient’s full medical history may be instantly 
available through a chip embedded in the patient’s body, and computers may be used for complex diagnoses, and 
broadband network may be used to conduct remote consultations between physicians.  Wide-area measurement 
capabilities could also serve to improve the transparency of public investment projects – for instance, measuring 
wide-area traffic volume of a newly constructed road. 
18 Sensor network has several advantages over a few super-sensors – great economies of scale from mass-
production; a high degree of precision and continuous coverage from a constellation of cheap sensors, and their 
better survivability; great flexibility in deployment which permits sensors to adapt to the operational challenge; 
and a premium on data coordination, correlation, and fusion, and therefore better illumination of the common 
operational picture to the networked participants (Libicki 2003). Although it is more computing-intensive to 
compose a mosaic of smaller pictures than one big picture, computer is getting powerful and cheaper. 
19 While the old version of Internet protocol (IPv4) supports about 4 billion (=4*109) addresses, the new version 
of Internet protocol (IPv6) supports 16*1036 addresses.  
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stable repositories may institutionalize data and metadata holdings, providing documents on data 

format, quality control, interchange formatting, and translation, as well as tools for data 

preparation, fusion, data mining, knowledge discovery, and visualization (Atkins et al. 2003). 

Linking thousands of data sources into a real time virtual data warehouse and data mining across 

distributed databases may build up the capabilities of adaptive monitoring, situational awareness 

and emergency response. Executing comprehensive, multilevel simulations requires 

interoperability between both computational models and the associated observational data from 

multiple sources and disciplines, spanning from natural and ecological sciences to economic, 

social, and health-care sciences. The resources of government agencies, research institutions and 

commercial enterprises should be pulled together to jointly tackle the challenges of infrastructure 

deployment, data reserve identification, content development and data standardization. 

Network-centric Public Services and Implications 

Ubiquitous computing technologies may create a variety of novel public services in the near 

future. This study proposes a concept of “Network-centric Public Services” as the embodiment of 

a technology-enabled transformation from agency-centric public services into cross-agency 

networked public services.  

The Department of Defense is on the frontier in developing network-centric public services 

and coined the term “network-centric warfare” which embodies an information age transformation 

of the force structure. Instead of tightly integrating a sensor and a combatant as an independent 

unit, the “Global Information Grid” makes sensors unbundled from individual combatants, 

interconnected to each other, and shared by all the decision makers and combatants through open 

architectures and standard interfaces20. Ubiquitous computing and network centric operation 

enables organizations to overcome the current trade-offs between information richness (e.g. 

relevancy, content, accuracy, timeliness) and information reach, and enable richer information to 

reach more widely dispersed users. This substantially reduces the time between the observation of 

a threat and action against it, allowing for rapid dominance of the battlefield (Harned and 

Lundquist 2003). Network-centric warfare aims to lead the U.S. and coalition forces to achieving 

20 Joint Vision 2020 envisions the “Global Information Grid” as “the globally interconnected, end to end set of 
information capabilities, associated processes, and people to manage and provide information on demand to 
warfighters, policy makers, and support personnel (DoD 2001)”. 
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dramatically improved capabilities for operating in the information domain. The recent Iraq war 

showed some of the precursors to network-centric warfare, but the coalition connects only a 

limited number of systems and does not provide broad interoperability across a network. As a 

consequence, the system was not always able to differentiate between friendly and enemy targets. 

To achieve synchronized effects with greater speed, the network-centric operation involves 

“networking” in and across the physical domain (secure, robustly networked, seamless, and 

coherent network), the information domain (common operational picture through processes of 

correlation, fusion, and analysis) and the cognitive domain (situational awareness and self-

synchronization) (DoD 2001). 

The network-centric operation concept can be also applied to more general public services 

such as environmental services. While traditional environmental regulations that address pollution 

from point sources such as cars and factories have accomplished dramatic improvements over the 

past 30 years, they work poorly against non-point source pollution (i.e. pollution without 

immediately identifiable origins). Non-point source pollution dilemmas stretch across the 

traditional focus in which regulation has been organized separately by air, water, and soil. 

Reformers have argued for integrated assessment of the interdependencies and trade-off among 

various ecosystem goods and services to coordinate conflicting goals and maximize the benefits 

gained from the bundle of ecosystem goods and services. Integrated assessment requires scientists 

and policy analysts to collect diverse data on numerous factors21 and create a complex model to 

examine their interdependencies and simulate the impacts of decisions in a timely fashion. The 

emerging ubiquitous wireless networks, high-performance computing and complex modeling may 

be able to offer such capabilities.  

In sum, in the near future, emerging ubiquitous computing may bring about both the 

opportunities of providing new or dramatically empowered public services and the challenges of 

networking millions of heterogeneous intelligent devices managed by various agencies. If we do 

not build adequate network enablers quickly and at a sufficient level of investment, there are 

significant risks and opportunity costs including: adoption of incompatible data formats and 

21 For example, in order to make the best possible decisions about coastal zone areas, one must explore over 20 
interdependent factors, such as land use, economic activity on shore, the fishery, climate, weather, vegetation, 
salination, and coastal erosion (Kallai 2003). 
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increased technological balkanizations across agencies, wasteful redundant system-building and 

piecemeal IT infrastructure (Atkins et al. 2003).  

3. Enablers and Facilitators for Network-centric Public Services  

Foundations for Network-centric Public Services 

Past e-Government initiatives were characterized by a patchwork of initiatives leading to low 

interoperability. Since advanced network-centric public services build on complex peer-to-peer 

interactions among diverse systems of many autonomous agencies, their potential values heavily 

depend on networking capabilities (such as accessibility, interoperability, robustness, security, 

reliability, integrity). Two of the most basic and indispensable infrastructure of network-centric 

services are enhanced connectedness and integrated security. The nature and extent of the 

broadband connectivity across participating agencies predetermines the maximum bounds of 

interoperability in the higher levels. In a network-centric environment, security is only as good as 

the weakest link, again constraining the limits of network-centric applications. Security 

arrangements of individual agencies should be integrated to protect privacy and proprietary 

information from being misused by other agencies while promoting data sharing across 

agencies22.

Inter-agency collaborative e-Government initiatives require interoperability at the mission 

activity and organizational levels as well as at the information system level. Hence, enhancing 

technical, semantic, and organizational interoperability will improve mission capabilities (DoD 

2001; Commission of the European Communities 2003):  

• Technical Interoperability: The Internet, based on universally agreed open standards for 

linking computers and presenting information, is a good example of accomplishing a high 

degree of technical interoperability.  

22 While the ubiquitous computing will increase the capabilities of sharing information and visible knowledge 
among all the networked participants, increased surveillance capabilities bring about various threats to personal 
privacy and elevate the possibilities of new forms of criminal, terror, conflict, and abuse of power (Fukuyama 
and Wagner 2000; Anton et al. 2001). Without preparing for the integrated security and proactive and 
collaborative measures to hedge or mitigate the escalation of such problems in advance, technology-enabled 
transformation toward network-centric public services is likely to face great hazards and unanticipated 
adversities. Although this paper does not fully explore these security issues, they cannot be emphasized enough. 
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• Semantic Interoperability: Technical interoperability assures that information is correctly 

represented in distributed systems, but does not ensure that the individuals in different 

organizations have a similar understanding even though they “see” the same thing. Semantic 

interoperability is the capability to automatically translate the same information into the same 

understanding and develop shared situational awareness in the cognitive domain.  

• Organizational Interoperability: Sharing information does not necessarily lead to 

collaborative processes among key participants. Organizational interoperability are crucial in 

coordinating and integrating public service processes that span across multiple organizational 

boundaries.

While improving interoperability link by link for all nodes is called ‘tightly coupled 

architecture’, integrating all the nodes through a standard middleware or interface is called 

‘loosely coupled architecture’. Targeted point-to-point couplings may immediately achieve 

measurable performance gains. However, because tightly coupled systems should agree on many 

internal details, it sacrifices agility and scalability. On the contrary, loose coupling makes use of 

standardized interfaces that are system-independent and separate from the internal operation of the 

components. While a loosely coupled architecture may sacrifice interface optimization in the short 

term, its standard protocols and shared meanings could achieve a wide range of interoperability 

and allow the dynamic and decentralized progress of each service module (Kaye 2003). The next 

sections will examine technical, semantic and organizational interoperability standards further. 

Technical Interoperability Standards 

In the field of information and communication technologies, privatization, deregulation, and 

other market-based solutions have been evident instead of conventional top-down bureaucracy 

models. The growth of the Internet after the 1990s is often attributed to the lack of central 

administration and the non-proprietary nature of the Internet protocols. By the time a formal inter-

governmental organization like the International Telecommunication Union (ITU) could agree on 

a communication protocol, technology had moved on and made the new protocol obsolete 

(Fukuyama and Wagner 2000). Instead, the existing standards come out of less hierarchical 

private industry consortia made up of voluntary participants.  

No one is likely to be able to dominate the standard that achieves seamless interoperability 
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across all the diverse devices and systems. Moreover, the risk of investment in early-stage R&D 

for next-generation technology standards is so high because of uncertainty surrounding unproven 

systems and ambiguity of future demands. Hence, various for-profit companies, non-profit 

research institutes and public agencies need to collaborate to form agreed standards. Consequently, 

next generation IT standards such as web-services23 and grid computing24 are likely to be based 

on open protocol standards. The goal is to share computers, software, data and other resources, 

and to enable remotely hosted services for mobile devices to be interoperable at a higher level 

above operating system or programming language. Loose coupling allows disparate modules to be 

linked to one another without knowing the technologies used by the others or changing the source 

code of the modules25. Such greatly improved networking capabilities will facilitate integrating 

diverse information systems throughout the value chain of public service processes spanning 

multiple agencies. 

Semantic Interoperability Standards  

The basic technologies of web-services have established a standard syntax of how documents 

should be structured, but don’t address semantics (i.e. what they mean). In the near future, diverse 

public and private organizations may place and network various sensors that will widely collect 

heterogeneous data at national, regional and local level. Sharing heterogeneous data across many 

different cultures in a peer-to-peer environment adds complexity to collaboration and partnership. 

It requires agreement on a wider variety of semantic definitions to move from simply exchanging 

and presenting information to understanding and processing information by applications that were 

not involved in its creation26.

23 A standardized way of integrating web-based applications using the XML, SOAP, WSDL and UDDI open 
standards over an Internet protocol backbone (refer to Glossary). 
24 Grid computing harnesses unused process cycles and memories in a network (refer to Glossary). 
25 Web-services adopt a delayed binding (using a reference instead of repeating the larger thing) that can be 
changed when a program runs in order to avoid any fixed or hard-coded bindings to data structure and ensure 
that new versions of web-services are both backward-compatible and future-proofed (i.e. the continued 
accessibility of the original information) (Kaye 2003). 
26 The Federal EDI Standards Management Coordinating Committee claims that a centralized federal standards 
management allows standards to be implemented in a coordinated, cost-effective way to minimize the impact on 
industry and ensure interoperability. The Federal Enterprise Architecture working group is currently developing 
a standard ‘Data Reference Model’. 
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Data standardization, including a common vocabulary and data definition, eliminates 

inappropriate redundancy and ensures consistency in data collection. It will render inappropriate 

redundancies across agencies transparent and weaken the rationale for having different agencies 

collect and store similar or identical data elements (Fountain 2001). However, it seems difficult to 

achieve semantic standards since semantic standards are an abstraction of a complex and messy 

universe27. Booz, Allen & Hamilton (2003) recommends to avoid excessive ambition of seeking 

an overarching comprehensive government standard, and rather to develop a primary federal 

registry/repository28 that will link all the current and future individual agency registries as a 

central portal.  

Organizational Interoperability Standards

Fewell et al. (2004) propose the Organizational Interoperability Model (OIM) to evaluate 

interoperability at the human-activity or organizational level by examining preparation, 

understanding, command and coordination, and socio-cultural factors29. The key measure of 

organizational interoperability is the seamlessness of interactions based on compatibility and 

27 For example, “offering price” may represent a constant in one model, a variable as a function of quantity in 
another, a variable as a function of timeliness in third; or ‘expiration date’ may have different meaning across 
different industries such as food, pharmaceuticals, and software industries (Libicki et al. 2000).
28 Since the federal business processes continue to evolve, the primary federated registry accepts multiple 
domain standards. It aims, initially, to map data elements to logical semantic classification that are closely 
aligned with the lines of business, and gradually, to foster standardization of data definitions across business 
domains (Booz, Allen & Hamilton 2003). 
29 Evaluation Criteria of the Organizational Interoperability Model (Source: Fewell 2004) 

Attributes Evaluation factors 

Preparation The comprehensiveness of legal framework; the compatibility of doctrine covering all 
expected interactions 
The degree of harmonized education, training and experience 

Understanding The level of shard interpretation and information and communication 
The scope and degree of cooperation, collaboration, and long-term working relationships 
The degree of harmonization in knowledge building; the level of information exchange 

Command and 
Coordination 

The seamless accommodation of differences in command and leadership styles 
Comprehensive and harmonized coordination and the resilience of command arrangement 

Socio-cultural 
factors

The commitment throughout the organizations to the goals of the collaboration 
The degree of mutual trust, respect and loyalty 
Accommodation of differences in personnel arrangements and organizational factors 
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coordination, rather than the degree of commonality or integration of the organizations30.

The loosely coupled architecture concept applies not only to information systems, but also to 

business-to-business transactions between organizations. In tightly coupled business processes, 

the freedom of organizational changes is often constrained as has been demonstrated in the many 

troubles of system integration after mergers (e.g. the Department of Homeland Security). Loosely 

coupled business architecture decentralizes responsibility. Processes that are internal to a 

particular agency can remain unchanged if “entry and exit points” of these processes are made 

transparent to and interoperable with other networked agencies. The key to organizational 

interoperability is to identify and document the “business interoperability interfaces” which 

should be agreed (IDA 2004). Organizational interoperability minimizes the incremental 

transaction cost of adding an additional partner, and hence promotes knowledge organizations to 

form collaborative networks. 

Intergovernmental Social Capital

Complex systems and networks are characterized by a high degree of direct user involvement 

during their developments, and further evolve as users operate them after installation (Hobday 

2000). The success of standardization that facilitates networking databases and systems across 

agencies often depends on inter-agency collaborations and user involvement. Furthermore, 

collaborative social networks play important roles in the operation of the cross-agency networked 

databases and systems. However, Lazer and Binz-Scharf (2004) have examined several cases of 

networking across jurisdictional boundaries, and found little to support any illusion that 

government could be instantly or easily transformed (refer to the network barriers in Table II-2).  

Productivity in building and utilizing information capital is affected by ‘social capital’.

Fountain (2001) defines social capital as the contribution of ongoing productive relationships to 

institutional effectiveness or the stock of capability to collaborate for mutual productive gains. 

She points out that “social capital encompasses not only shared access to information but also 

many positive properties of interdependence, including shared values, goals, and objectives; 

30 Unlike more technical interoperability models such as LISI (refer to Appendix A-3), it is not practical to 
prescribe the presence of certain organizational internal processes, business rules, or behaviors as a prerequisite 
to achieving a certain level of interoperability. Instead, Fewell et al. (2004) point out that agility and the ability 
to network dynamically are the key enabling factors, and suggest that six possibly interdependent characteristics 
to describe agility are: robustness, resilience, responsiveness, flexibility, innovation, and adaptation. 
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shared expertise and knowledge; shared work and decision-making; shared risk, accountability, 

and trust; and shared rewards.” The developments of norms, incentives and trust will gradually 

overcome bureaucratic barriers and align inter-agency social networking with service processes.  

As Fountain (2002) notes, objective information technology and enacted information 

technology should be distinguished since information capital is not a replacement for social

capital, but organizations must have the ability to cooperate with network partners in order to 

operate with networked computing. While some futurists insist that standardized information 

systems will lead to the ability to automatically discover and link to new business partners, Kaye 

points out the importance of a social network in rendering an information network operable: 

 The problem is, how does the bot31 know which vendor to trust? Is the lowest-cost 
vendor legitimate? Which vendor can actually meet its delivery commitment? …… In 
reality, most high-value web service interactions will be conducted between known, trusted 
business partners, not anonymous parties. Once two parties have established a relationship of 
trust, the technologies for automated discovery can certainly be used to advertise, locate, and 
enable new services between them, plus link to new versions of existing services – but only 
after a relationship is established. (Kaye 2003) 

The value of information systems depends on organizational capability to exploit current 

systems and explore future opportunities. Intergovernmental social capital is one of the most 

critical enablers because it supports flexibility to build and utilize cross-agency networked 

systems in future uncertain states and hence encourages a wide range of investment opportunities. 

This study has examined how cross-agency interoperable information systems can facilitate 

intergovernmental collaborative networks, and then how standardizations improve broad range of 

interoperability among heterogeneous information systems. Finally, it has examined how social 

capital facilitates building standard services, and affects the productivity of interoperable systems. 

In sum, this chapter has so far illuminated how social and technical networks mutually reinforce 

each other and co-evolve.  

To effectively promote network-centric public services through investing in standard services, 

complex co-evolutions among key factors of network-centric public services need to be 

understood and strategically managed. The next section will examine key attributes of strategic 

platform investments that help improve synergies among collaborating organizations.  

31 This term is derived from the word "robot", reflecting the autonomous character. A bot interacts with other 
network services intended for people as if it were a real person (http://wikipedia.com).  
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4.  Strategies and Governance for Platform Investments

Governance of Strategic Platform Investments for Network-centric Services 

Although network-centric public services relieve the economic burdens of owning all the 

needed assets by each agency, they require collaboration among autonomous agencies with 

complementary assets. The burden of building inter-organizational capabilities makes it difficult 

to anticipate the full costs and benefits of platform investments in standard services. As shown in 

Table II-5 which classifies the collaboration scope, Andrulis and Hirning (2002) believe that 

multi-agency and multi-mission collaboration faces more challenges and higher risks than 

collaboration for single mission within a jurisdiction.  

The most critical dilemma is how agencies’ responsibility for results and autonomous 

operation can be retained while at the same time ensuring the interests of the government at large 

regarding system interoperability and infrastructure sharing. To resolve this dilemma, autonomous 

organizations may partly cooperate horizontally to develop standard services and partly execute 

their own unique applications. Faced with various uncertainty factors, strategic investment control 

is needed to improve intergovernmental decision-making on platform investments. Since standard 

services are for common use by diverse stakeholders, their investments decisions may involve 

communication-intensive processes of stakeholder interactions and negotiations. 

Table II-5. The Stages of Collaboration Scope  

Single-agency Multi-agencies 

Single-mission Multi-missions Single-mission Multi-missions 

Risk level Low Moderate Moderate-High High 

Primary 
challenges

• Cultural barriers • Turf battles 
• Sponsorship from 
leaders

•Establishing 
standards 

•Data-sharing rules 
•Committing funds 

• Long-term 
implementations 

• Significant cultural 
changes

G2G
• Arresting and 
processing an 
individual

• Managing budgets/ 
finances/ assets/ 
procurement

•Emergency response • Economic development
• National security 

G2C • Changing of address/ 
moving home 

• Registering/permits •Paying incomes tax • Providing healthcare 

Ex
am

pl
e

G2B • Starting a business • Reporting/filing •Paying corporate tax • International trade 
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(Source: Andrulis and Hirning 2002) 

Renkema (2000) suggests the ‘P4 model’ that includes not only the product and process 

dimension (corresponding to the ‘what’ and ‘how’ of strategic formation) but also the 

participation and politics dimension to lead to the fully balanced control of investment decisions 

(see Table II-6).  

Table II-6. P4 Model for Strategic Investment Control 

Control option Description 

Product Defining value metrics to justify and prioritize investments 

Process Taking evaluation steps to plan, monitor and control investments across the life-cycle 

Participation Involving the right stakeholders and securing organizational commitment 

Politics Managing conflicts of interest through negotiations and coalition building 

(Source: Renkema 2000) 

A choice to devote resources and budgets to a particular alternative is the ‘product’ of 

decision-making. Conventional planning has focused on this product dimension. However, due to 

uncertainties and bounded rationality, investment control needs to not only achieve a sound 

appraisal of business impacts but also manage the organizational decision ‘process’ in which this 

appraisal takes place. Investment decision-making can be decomposed into manageable steps and 

regular reviews need to be performed across the investment life-cycle (e.g. plan  do  check 

act). Regular reviews minimize emotional involvement, encourage systematic organizational 

learning of internal performances and external conditions, and help managers adaptively redirect 

investments. Balanced control of product and process dimensions of investment decisions can 

facilitate adaptive value management (balancing cost and risk versus benefit) across the full-life 

cycle of a project.  

Functionally divided bureaucracies, free rider, and spillover effects discourage agencies from 

individually contributing sufficient investments to shared standard services that will benefit a 

number of agencies and divisions. OECD (2003) warns that if the joint objective of providing 

integrated services becomes no one’s responsibility, each agency will act to maximize its own 

mission outputs while joint needs are only slowly identified and filled. Investment in standard 
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services can improve its outcomes when it is done from a shared perspective rather than from 

individual or what even may be conflicting perspectives. Given the decentralized environment of 

most democratic governments (i.e. without a top-down command-and-control authority), an 

inclusive and participatory planning process is needed to gain buy-in from related stakeholders. 

General Services Administration (2002) suggests five principles for inter-governmental 

collaboration: (1) organized and efficient collaboration; (2) flexibility in participation; (3) equal 

participation independent of jurisdictional level; (4) reducing technology resource gaps among 

jurisdictions; and (5) preserving the autonomy of each jurisdiction. According to OECD, most 

advanced countries adopt government-wide coordination32 33 which can bring strategies from 

different agencies together, define roles and common objectives, ensure interoperability, facilitate 

collaboration regarding seamless services and shared infrastructure, ensure coherent action in a 

range of crucial areas such as security and privacy protection, and reduce duplication. Additional 

goals of coordination are: providing basic support and transferring knowledge and lessons 

learned; creating a repository of deliverable products and services; and funding for horizontal 

technology research (GSA 2002). Coordination is desired to be made early, when greater room for 

decision choice exists, to define the joint needs and enable early consideration of major 

investments in cross-agency standard services. Government-wide strategic budgets34 may also 

facilitate the optimal investment in standard services. 

Conclusion

Governments can capitalize on interoperable system networks and collaborative social 

networks across agencies to provide seamless and cost-effective public services that respond to 

evolving citizens’ demands. This cross-agency information and social capital, in turn, can be more 

effectively built up on top of shared network enablers such as physical connectivity, integrated 

32 For example, the U.S. President’s 24 e-Government initiatives mandate the federal agencies to collaborate 
under the leadership of the President’s Management Council (PMC). Three initiatives (SAFECOM, Disaster 
Management, and E-authentication) have been identified as particularly needing full PMC involvement, while 
remaining 21 initiatives as managed by either the teams of affected agencies or the lead agencies of primary 
mission responsibility. 
33 Coordination committees, established in most OECD countries, often comprise representatives of key 
agencies and non-governmental representatives from industry, academia and civil society organizations. 
34 The ‘e-Government fund’ authorized by the e-Government Act of 2002 to support the US Presidential e-
Government initiatives is an example of government-wide strategic budgets. 



38

security, and technical, semantic and organizational interoperability standards.  

Laartz, Sonderegger and Vincker (2000) emphasize the importance of long-term planning by 

reminding us that the decades of ad hoc decisions and short-term projects led to no less disorderly 

architecture than Bangkok or Mexico City. Since organizations need a longer period of 

experimentation, gestation and trust-building, mission capability cannot be instantly enhanced 

merely by building shared services and improving system interoperability. Because of this 

substantial lead-time for organizational learning and adaptation, investments in standard services 

and social capital need to be made before new challenges and opportunities arise.  

 Across the full range of government activities, new demands are accelerating, and the 
pace of change is quickening. At the same time, the federal government has had difficulty in 
adapting to the knowledge-based economy and taking advantage of the significant advances 
in technology. The federal government is neither organized nor staffed nor adequately 
prepared to meet the demands of the 21st century. …  If we do not make the necessary 
changes now, when our needs are clear, we will be forced to cope with the consequences 
later in crisis after crisis. (National Commission on the Public Service 2003) 

To encourage proactive (as opposed to reactive) investment in standard services and 

organizational capabilities early, investment portfolio strategies should not only emphasize the 

operational capabilities of responding to current contingencies and circumstances, but also raise 

the importance of shaping the future environment and preparing for a wide range of possible 

future challenges by transforming organizations for the next generation’s needs (Davis 2002).   

The transition toward network-centric public services is likely to take decades, and the next 

generation technologies such as ubiquitous computing will come true in the meantime. 

“Combinatory novelty, i.e. doing novel things with novel technologies in novel organizational 

contexts (Flower 2000)” will complicate predicting the long-term evolution of network-centric 

public services. Lempert, Popper and Bankes (2003) point out that the inability of long-term 

policy analysis creates a social context that emphasizes near-term results at the expense of long-

term goals. The next chapter will provide planning frameworks and analytic methodologies for 

designing a robust long-term strategy for platform investments.  



39

Chapter 3.  Analytic Frameworks for Investment in Standard Services 

This chapter will start by reviewing the progress of government enterprise architecture toward 

a structural framework to understand interdependencies across agencies. Then, this study will 

examine the logical linkages between enterprise architecture and investment in standard services. 

This discussion will illuminate a number of concerns with standard service investments using two 

contrasting examples. The last section of this chapter will propose three methodologies to design 

adaptive platform investments, simulate their long-term effects, and assess the robustness. 

1.  Planning Framework and Enterprise Architecture 

Planning Framework for Investments in Network-centric Public Services 

Figure III-1 presents cause-and-effect relations from technological and human capital inputs to 

information system and web service outputs, and eventually to desired effects and mission 

capabilities. While traditional planning emphasized the adherence to budgets and the efficiency in 

acquiring intermediate outputs, many managers now pay more attention to accomplishing desired 

effects that are defined by citizens’ values or agency’s missions. For instance, the Value 

Measuring Methodology (VMM) 35  comprehensively describes five ‘Value Factors’ 36  as a 

structural framework to analyze the cost-effectiveness. Although the emphasis of outcomes and 

effectiveness, like the Value Measuring Methodology, has made great contributions to assessing 

individual e-Government initiatives, the transformation toward network-centric public services 

requires a more structural and integrated framework to understand interdependencies and 

interoperability among individual systems (as shown in Table III-1). 

Outcomes of e-Government initiatives are produced not only by own system outputs but also 

by their complex interactions with complementary systems of other agencies. An investment 

35 VMM was adopted by the U.S. Federal CIO Council in 2002 as a practical guidance to help agencies 
formulate the portfolio of public-sector IT investments and prepare OMB budget justification documents. 
36 Five Value Factors are as follows: (Federal CIO Council Best Practices Committee 2002) 
1) Direct customer (user) value: benefits to users or groups (e.g. convenient access) 
2) Social (non-user) value: benefits to society as a whole (e.g. trust in government) 
3) Government operational and foundational value: improvements in government operations and enablement of 
future initiatives (e.g. cycle time, improved infrastructure)  
4) Strategic/political value: contributions to strategic goals (e.g. fulfilling the organizational mission) 
5) Government financial value: both to sponsoring and other agencies (e.g. reduced cost of correcting errors) 
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planning framework should span the full process of service provision so that all the government 

agencies involved in a process can better understand the interdependencies37  among their 

specialized systems and the importance of inter-agency collaborative operations of them. 

Particularly, they need to note the effects of cross-agency standard services on a broad range of 

system interoperability and intergovernmental operations. 

Figure III-1. Strategic Hypotheses of Public IT Investments  
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Table III-1. Focus of Assessment Framework for Single-agency or Multi-agency Initiatives 

Focus for Individual Initiatives  Focus for Network-centric Public Services 

Value Values of given systems Interdependencies (complementary values) 

Cost Total cost of ownerships 
(a hierarchy of cost elements) 

Costs for improving Interoperability,  
Savings by reusability 

37 When we evaluate a road construction investment, we do not examine its effects separately, but assess the 
changes of total traffic flows over the affected transportation networks. We do need a similar framework to 
evaluate the joint effects of a proposed IT system with other existing or planned systems.
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The Systems to Capabilities Traceability Matrix (Department of Defense 2003; see Appendix 

A-2a) and the agency–mission mapping matrix based on the Business Reference Model 

(Department of Interior; see Appendix A-2b) illustrate the interdependencies among multiple 

systems (owned by multiple agencies) and multiple missions. A system-to-mission mapping 

matrix would help collaborating agencies collect widely dispersed knowledge about the potential 

contributions of multiple systems to multiple missions, and more importantly, help each agency 

identify what unique core systems need to be internally developed and what complementary 

systems of other agencies can be shared. 

While a system-to-mission mapping matrix presents what is demanded to be interoperable, the 

‘Levels of Information Systems Interoperability (LISI) Maturity Model’, developed by the DOD 

C4ISR Architecture Working Group in 1998, presents the actual supply of five increasing levels 

(Level 0 to 4) of interoperability among systems (see Appendix A-3a). Each level’s prescription 

must cover four attributes of interoperability: infrastructure and applications (technical 

interoperability), data (semantic interoperability) and procedures (organizational interoperability) 

as shown in Appendix A-3b and A-3c. The LISI assessment process produces the scorecards of 

interoperability that can be presented using a matrix as shown in Appendix A-3d. 

Enterprise Architecture 
Enterprise architecture is a set of structural models, diagrams, or narratives of the modes of 

operation for a given enterprise (either a single organization or a function or mission that 

transcends multiple organizational boundaries). It serves to clarify and help optimize the 

interdependencies among business operations and underlying IT infrastructure and applications 

(GAO 2003). In the mid-1980s, John Zachman first identified the need to use a logical 

construction blueprint for the integration of systems and their components, and the National 

Institute of Standards and Technology (NIST) developed the first public framework in 1989. In 

1996, the U.S. Congress and the President enacted the Information Technology Management 

Reform Act and required federal agencies to link IT investments to agency accomplishments and 

establish a process to select, manage and control their investments by developing IT architecture. 

The Department of Defense, the Department of Treasury, and the Federal CIO (Chief Information 

Officer) Council developed the enterprise architecture in 1999, and many other federal agencies 

also developed theirs later. However, progress toward effective enterprise architecture has been 
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limited according to the GAO surveys of 93 federal agencies in 2001 and 2003. GAO used its 

five-stage ‘Enterprise Architecture Management Maturity Model’ (with stage 1 being the least 

effective and stage 5 being the most effective), and the average stage of enterprise architectures of 

federal agencies is 1.74 in the 2001 survey and 1.76 in the 2003 survey (see Appendix A-4a).  

The federal CIO Council (2002) strongly recommends that there be linkage between enterprise 

architecture and IT strategic planning and investment decisions. Another GAO study (2004) has 

surveyed whether each department actually implements 12 IT strategic planning and performance 

measurement practices and 18 IT investment management practices mandated by legislations and 

policies38 (see Appendix A-4b). These GAO data, however, show that while the enterprise 

architecture management maturity level is highly correlated (0.397) with the strategic planning 

and performance measurement implementation level, it is poorly correlated (0.044) with the 

investment management practice implementation level. A simple regression analysis39, shown in 

Table III-2, indicates that the implementation level of IT strategic planning and performance 

measurement practices may significantly contribute to the enterprise architecture management 

maturity level, but that the implementation level of IT investment management practices may not 

yet significantly contribute to the enterprise architecture management maturity level. 

Table III-2. The Effects of Planning and Investment Practices on Enterprise Architecture Level 
Dependent variable Enterprise Architecture Maturity Level (# of obs: 25)

OLS Ordered Probit
Estimator Coef. t Coef. z

Strategic planning/Performance management 2.685 2.17 3.316 2.09
Investment management -0.576 -0.77 -0.685 -0.74
constant -0.927 -0.59

Adj R-squared 0.104 0.077
(Source: The Author’s calculation based on GAO survey data (2003, 2004); see Appendix A-4c) 

38 GAO finds that although agencies generally have established IT strategic plans and goals, these goals are not 
always linked to specific performance measures. GAO also finds that although the agencies largely have IT 
investment management boards, no agency has full control practices. 
39 Both independent and dependent variables are in ordinal scale, so the Ordinary Least Square (OLS) estimator 
may not be correct. This analysis also runs an ordered probit model. Both models produce the same results.  
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Mission-centric Enterprise Architecture  

So far, almost all enterprise architectures have been developed by individual departments, and 

little enterprise architecture has been developed for a mission that transcends multiple agencies. 

The newly established Department of Homeland Security (DHS) has started enterprise 

architecture initiatives to enhance information sharing between federal, state, and city authorities, 

but a GAO survey (2003) finds that such information sharing has not been yet perceived as 

effective in terms of timeliness, accuracy, or relevancy. Another GAO study (2003) of the border 

and transportation security mission may illuminate a potential example of mission-centric 

enterprise architecture. For the border security mission, the federal government uses 12 terrorist 

and criminal watch lists (automated databases that are supported by certain analytical capabilities) 

in a decentralized and non-standardized manner because these lists were developed in response to 

individual agencies’ unique missions and their respective legal, cultural and systems environments 

(GAO 2003). Figure III-2 provides an overview of the sharing of watch lists among the agencies 

that are involved in four border security functions.  

Figure III-2. Watch List Sharing among Agencies Involved in the Border Security Mission 

(Source: GAO 2003) 
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The extent of electronic data sharing is impaired by fundamental differences in the systems 

architecture and data structure of watch lists. GAO’s recommendations to the DHS are: (1) 

understanding of the current watch list environment; (2) defining the requirements of the target 

watch list architectural environment; (3) developing a near-term strategy and a longer-term 

strategy, and ensuring standard policies, addressing legal issues and cultural barriers; and (4) 

developing mission-wide architecture strategies within the context of the ongoing enterprise 

architecture of each collaborating agencies. 

However, because many public service missions are intertwined, mission-specific enterprise 

architectures may also overlap each other. Since a system that is related to a number of similar 

missions may be asked to conform to multiple interoperability standards, we will eventually need 

a government-wide coordination of overlapping individual standardization efforts. 

Government-wide Enterprise Architecture

An agency-centric stovepipe structure discourages agencies from sharing systems of other 

agencies and induces them to make redundant investments that are not only wasteful but also 

counterproductive by threatening consistency40. The planning goal needs to move toward a 

streamlined and collaborative process that maximizes joint capabilities (Joint Defense Capabilities 

Study Team 2003). To maximize outcomes at the joint level rather than individual agency level, 

government-wide reference models need to be defined, taking advantage of extensive inputs from 

all the user groups of public services. When OMB launched the 24 cross-agency e-Government 

initiatives in 2002, it also established the Federal Enterprise Architecture Program Management 

Office to develop a collection of five reference models: Business Reference Model (BRM), 

Performance Reference Model (PRM), Service Component Reference Model (SRM), Data 

Reference Model (DRM) and Technical Reference Model (TRM) (see Appendix A-5). 

The Business Reference Model (BRM) serves as the foundation of the Federal Enterprise 

Architecture. The Business Reference Model defines a comprehensive structure of the federal 

government’s lines of business, in terms of four business layers41, independent of the agencies, 

40 If two agencies that serve conflicting missions develop statistical information systems or regulations on the 
same subject with an intention to bias their content to favor their own missions, policy consistency is degraded. 
41 Level 1 and 2 correspond to front-office services that involves interactions with customers. Level 3 and 4 
consist of back-office functions that are dedicated to support the organization (e.g. accounting, human resources). 
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bureaus and offices that perform them. As shown in Figure III-3, these four business layers are 

comprised of 39 Lines of Business. These, in turn, divide into 153 Sub-Functions. These Lines of 

Business and Sub-Functions describe federal government operations around common functions 

and customers instead of the stove-piped agency-by-agency view, to consolidate the non-optimal 

redundancies and promote inter-agency collaboration42 . The Performance Reference Model 

(PRM) describes a standard framework to measure the contribution43 of the major IT initiatives to 

the actual performance along the lines of business defined by the Business Reference Model. 

Figure III-3.  39 Lines of Business of the Business Reference Model 

(Source: OMB 2005) 

42 Actually, as a result of using the Business Reference Model to evaluate the FY 2004 IT budget requests, 
OMB has been able to identify potential redundancies in six business lines: financial management, data and 
statistics, human resources, monetary benefits, criminal investigation, and public health monitoring (OMB 
2003). OMB also lists homeland security, social services, economic stimulus, and back office operations as 4 
focus areas of developing high level business and data architecture for cross-agency collaboration (OMB 2002). 
43 The PRM includes six measurement areas: Mission and Business Results (defined by the BRM), Customer 
Results (customer benefit, service coverage, timeliness & responsiveness, service quality, and service 
accessibility), Processes and Activities (financial, productivity & efficiency, cycle time & timeliness, quality, 
security & privacy, and management & innovation), Technology (financial, quality, efficiency, information & 
data, reliability & availability, and effectiveness), Human Capital, and Other Fixed Assets. 

Level 1 

Level 2 

Level 3 

Level 4 
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2. Modular Architecture and Standard Services 

Modular Enterprise Architecture for Vertical Unbundling 

Modular design architecture divides a large and complex system into components and sets up 

interfaces between its components. Modules are defined as “units in a larger system that are 

structurally independent, but work together”44 (Baldwin and Clark 2000). One can mix and match 

modules, and each module becomes an independent option within the overall system. Mix-and-

match flexibilities45 decentralize the design choices of individual modules as long as they 

conform to the overall architecture and standard interfaces (‘centralized design architecture and 

decentralized service modules’). To maximize the option values of modules, developers must be 

ready to experiment and discard solutions that turn out to be inferior. They must be prepared for 

rapid change of individual modules and capable of promptly exploiting new windows of 

opportunities. A shift toward modularity accelerates the rate of change of the whole system. 

The idea of modularity has steadily reshaped industrial practices, most notably in IT industries 

and some other industries of complex high-tech products. Grove (1995) describes a vertical-to-

horizontal transition in the computer industry – the transformation from a set of vertically 

integrated “silos” (e.g. IBM, DEC) to a large number of firms spread out among a set of 

horizontal layers (e.g. chips, hardware, operating system, application software, and sales and 

distribution). As shown in Figure III-4, communication systems are also becoming more flexible 

as many types of devices (e.g. phone, computer, television) can access many kinds of content (e.g. 

voice, multimedia, data) over many types of channel (e.g. fiber, cable, wireless network) (Ciriello, 

Gerrish, Kulatilaka and Venkatraman 2005). Whitt (2004) proposes a ‘Network Layers Model’ in 

which standardized interfaces and protocols transform vertical communication services into 

horizontal layers46 (refer to Appendix A-6). These protocol-divided layers create a degree of 

44 Three key ideas of modularity are abstraction, information hiding and interface. “Complexity can be isolated 
by defining a separate abstraction that has a simple interface. The abstraction hides the complexity of the 
element; the interface indicates how the element interacts with the larger system (Baldwin and Clark 2000)”. 
45 Baldwin and Clark list six modular operators: (1) splitting a system into multiple modules; (2) substituting
one module for another; (3) augmenting a new module to a system; (4) excluding a module from the system; (5) 
inverting to create new design rules; and (6) porting a module to another system. 
46 Existing networks have begun converging to common IP platforms. The Internet Protocol acts as the general 
purpose platform linking technologies, software, services, and customers, so the Internet is “an innovation 
engine that enables creating of a remarkable range of new products and services (Whitt 2004)”. Such 
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modularity that allows products and services to evolve flexibly by accommodating changes made 

at the appropriate layers, rather than having to rework the entire systems. For this purpose, 

government-wide enterprise architecture can define numerous horizontal layers using the 

reference models for missions, service components, data, and technical infrastructures as shown in 

Figure III-4 (also refer to Figure III-3, Appendix A-5, and Appendix A-6). 

Figure III-4. Transformation from Vertical Silos to Horizontal Layers 
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Conceptually, these horizontal layers can be stratified with the lower layers consisting of more 

homogeneous management and support functions and the upper layers consisting of more 

heterogeneous applications unique to diverse services. That is, common protocols and shared 

infrastructure constitute platforms on top of which more service-specific enhanced applications 

and data models can ride47. In the bottom-layer, universal standard protocols and general-purpose 

infrastructures are shared across the whole society including public and private sectors. On top of 

convergence greatly enhances an organization’s ability to mix and match content, channel and device 
combinations (Ciriello, Gerrish, Kulatilaka and Venkatraman 2005) (refer to Appendix A-6). 
47 For instance, service-specific data models and workflows (BRM level 1 and 2: e.g. defense services, public 
health services) can ride on common data models and workflows (BRM level 3 and 4: e.g. payroll, accounting, 
HR management) that are horizontally shared as the bases. 
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it, many agencies can horizontally share some public-purpose infrastructures. On the top-layers, 

individual government agencies and divisions use customized applications for their own uses.  

Standard Enabling Services for Horizontal Consolidation and Interconnection

Information services have quasi-public good attribute (non-rivalry) with little marginal cost 

with respect to the number of users. That is, information systems incur high fixed costs for 

development but little marginal costs for reuse as long as they are interoperable to other users. 

Therefore, the collaborative development and shared utilization of information systems by 

multiple agencies can leverage the benefits of public investment given budget constraints. A 

positive network effect is the increase in the value because of complementarity between the 

components of a network. If the network effects are not internalized through market mechanism, 

they become ‘network externalities’48.

Built on top of shared infrastructure layers, diverse service-specific applications may 

interdependently interact and exchange data across vertical sectors. The linkage between shared 

infrastructure and service-specific applications is a one-way dependent network, and the linkage 

among various service-specific applications is a two-way interdependent network. Positive 

network externalities may be direct or indirect (Economides 1995). In one-way networks, an extra 

user yields indirect externalities to other users by reducing the average cost of utilizing common 

services. On top of the common shared services, a two-way network of n different applications 

can generate as many as n(n-1) interaction links. An additional (n+1)th application provides direct 

externalities to all other applications in the network by adding 2n new potential links. However, if 

data items held by a sender and a receiver do not match exactly on a one-to-one basis, some sort 

of translation is required. The costs of developing individually tailored point-to-point interfaces 

across all the heterogeneous applications grow also exponentially as the diversity of application 

increases (n-squared complexity). Whenever any local application in the network is changed, the 

whole set of links to it should be reconfigured.  

To maximize positive indirect and direct network effects, inappropriately redundant 

components should be consolidated and synergies among complementary components should be 

maximized. Modular architecture and standard services reduce the complexity of system 

48 An externality can be either positive (e.g. adoption externality) or negative (e.g. congestion externalities). 
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integration across agencies. Once a modular architecture divides traditional silo systems into 

numerous horizontal layers, heterogeneous components in each layer can be consolidated into 

shared services or interconnected via standard middleware (i.e. “vertical unbundling and 

horizontal interconnection”; Whitt 2004)49. Consolidating basic and common functions in the 

lower layers and sharing them as standard horizontal services (possibly outsourcing them in the 

competitive market) allows each agency to save the non-optimal investments and concentrate on 

its unique functions in the upper layers. In the upper layers, standard middleware, protocols or 

data models reduce the transaction costs with heterogeneous applications and facilitate scalable 

multilateral interactions among diverse application modules across service domains. Table III-3 

summarizes the characteristics of these two types of standard enabling services. 

Table III-3. Two Types of Standard (Enabling) Services 

Shared Services or Infrastructure Standard Middleware or Interface 

Objectives Sharing common basic services and 
infrastructure by many users 

Coupling diverse specialized applications 
in a cost-effective manner

Benefits
Indirect network effects – Cost saving 
(minimizing redundancies) while 
maintaining the quality of services

Direct network effects –  Value creation 
(maximizing synergies) while maintaining 
the cost of services

Focus Supply-driven (indirectly supporting diverse 
local applications) 

Demand-driven (dynamically creating the 
citizen-centered seamless services)

While the Federal Enterprise Architecture defines horizontal layers (such as the lines of 

business), the Presidential e-Government initiatives are good examples of building these two 

kinds of standard services: (1) customer one-stop portals, standard middleware, or shared data 

definitions50 (Business Reference Model Level 1 and 2); and (2) consolidated infrastructure or 

back-office functions (BRM Level 3 and 4) (see Table III-4). They build various standards to 

49 For instances, diverse sensors that used to be tightly coupled with various combatants can be vertically 
unbundled and horizontally interconnected as ‘Global Information Grid’ to provide all the decision-makers and 
combatants with more extensive situational awareness. 
50 Although it is important to identify complementary services of other agencies, many of customer one-stop 
portal initiatives simply provide one-stop access to related services but not improve interoperability among them. 
Users have to access and process individual systems and manually integrate their outputs. To develop citizen-
centered integrated e-services, all the complementary systems need to be interoperable each other. 
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integrate numerous horizontal layers for businesses, service applications, data models, or technical 

infrastructure (refer to Figure III-4). The next section will examine the SAFECOM initiative and 

the U.K. Airwave initiative in detail as the examples of standard service investments. 

Table III-4. Classification of 22 Cross-agency Initiatives and their Attributes 

Networked 
one-stop 
services

Consolidation
of common 

basic services

Technical
interoperability

standards 

Semantic 
interoperability 

standards 

Organizational 
interoperability 

standards 

BRM
Level

Recreation One-stop X   x  1 
International Trade X     1 
One-stop business X     1 
Disaster Management51 X  X X x 1 
Health informatics x   X  2 
Geospatial one-stop x  X X  2 
GovBenefits X     2 
e-Loans X x  x  2 
USA Services X     2 
e-Grants X x  X x 2 
e-Vital  X  X x 3 
Electronic records X X X   3 
Online Rule-making X X    3 
Federal Asset Sales X X    3 
e-Training  X    3, 4
Recruitment One-stop X X    3, 4
HR Integration   X    3, 4
e-Payroll  X    3, 4
e-Travel  X    3, 4
Integrated Acquisition  X    3, 4
SAFECOM  X X   4 
e-Authentication  X X   4 

51 The Disaster Management initiative seeks to provide both a unified access to disaster management services 
(the Disasterhelp.gov portal) and interoperability standards to achieve seamless disaster mitigation and response 
services (Disaster Management Interoperability Services (DMI-S)). The DMI-Services interface specification 
was published in August 2003 to enable information sharing among the nation’s emergency management 
communities across federal, state and local governments. The DMI-Services run as a client by exposing selected 
interfaces to the common services architecture as Web Services in which communication is achieved via a 
message-oriented middleware with secured data transport. The DMIS backbone allows individual agencies to 
select their own DMIS-enabled products that best suit local needs, and to exchange information with neighbor's 
heterogeneous but DMIS-enabled systems. Available: http://www.disasterhelp.gov
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3.  Examples of Initiatives for Building Standard Services 

Public Safety Mission and the Interoperability of Communication Systems 

Figure III-5 shows the enterprise architecture of the U.S. Federal Emergency Management 

Agency (FEMA)52. Among many target capabilities53, wireless and secure communication 

networks are the most essential platform to interconnect all the disaster information systems.  

Figure III-5. The Target FEMA IT Architecture Version 2.0 (Source: FEMA 2001) 

52 When disaster exceeds the capability and resources of local and state governments, the FEMA coordinates, on 
behalf of the President, disaster relief activities of federal agencies and other volunteer organizations. 
53 They include: enterprise geographic information system integration, integrated call center response, next 
generation emergency operation center, intelligent collaboration and visualization tools, virtual private networks, 
integrated safety management and wireless technology (FEMA 2001). 
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To quickly and effectively respond to suffering and disruption caused by disasters, cross-

agency collaboration is critical. However, most public safety agencies have incompatible 

communication equipment, so they cannot talk each other. The highest degree of interoperability 

is achieved when all the government agencies agree to migrate to a single communication system 

that provides coverage for all. Governments can save money by leveraging economies of scale. 

The fixed costs of the infrastructure and the maintenance and lease costs can be shared, and 

variable costs such as the prices of user equipments can be lowered because of volume discounts. 

However, although sharing a single network can ideally minimize the development and 

maintenance costs, most public safety agencies have already built their own legacy networks 

redundantly (i.e. sunk costs). Since the nationwide replacement of their legacy systems with a 

consolidated state-of-art network is very expensive, most governments have maintained their 

incompatible legacy systems. The driving force for public agencies to reconsider a consolidated 

network is the various narrowband mandates54 that prohibit the continued use of the existing 

systems and force agencies to renovate or replace the old systems.  

Nevertheless, the implementation of a consolidated network is very difficult because of 

limited and fragmented funding, fragmented planning, and a lack of coordination and cooperation 

(National Task Force on Interoperability 2003). Many agencies are also reluctant to give up the 

control of their communication systems. A well-defined leadership and partnership structure that 

enhances coordination and cooperation, establishes guidelines and policies, and reduces turf 

battles is needed to facilitate the migration toward consolidated systems.  

The migration toward interoperable wireless networks can be organized by a government-

wide coordination task force or by individual agencies that need it most. The migration approach 

can be achieved through either the switch of the entire networks all at once or incremental and 

backward compatible upgrades over time. Figure III-6 summarizes four types of migration 

approaches in quadrangle. The U.S. SAFECOM initiative serves as the umbrella program by the 

President’s Management Council to guide and coordinate the evolution of local wireless networks 

over time. The U.K. Airwave initiative has been undertaken by the police as a nationwide 

54 For instance, the U.S. Congress and the National Telecommunications and Information Administration have 
issued a ‘Narrowband mandate’ for federal land mobile radio systems to migrate to more spectrally efficient 
channels. Many VHF systems had to transition from 25 kHz wideband to 12.5 kHz narrowband channels.  
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program that consolidates its wireless network, and it is expected that more agencies will join 

individually. The Korean NEMA (National Emergency Management Agency), as the central 

leadership for disaster management, proposes to replace nationwide public safety wireless 

network with a consolidated one. The next sections will examine the U.S. and the U.K. initiatives 

in more detail, and the Korean plan will be examined in Chapter 6. 

Figure III-6. Classification of the Migration into Interoperable Wireless Networks 
           Government-widely Coordinated 

            Korean NEMA’s plan    U.S. SAFECOM 

Revolutionary                     Evolutionary 
(Consolidating)                     (Interconnecting) 
         U.K. Airwave     

         Uncoordinated and Purely Decentralized   

The U.S. SAFECOM Initiative 

SAFECOM is one of top three priorities among the U.S. President’s 24 e-Government 

initiatives. More than two million public safety workers55 including police officers, firefighters 

and paramedics in the United States require access to a radio to be dispatched to an incident or to 

request assistance. SAFECOM serves as the umbrella program (i.e. the cross-jurisdictional 

coordination) to enable over 44,000 local and state public safety agencies and over 100 federal 

agencies to improve their responses through more interoperable communications across local, 

state, and federal organizations. Local and state agencies own the majority of the existing public 

safety communications infrastructure, and estimated replacement costs are $3~5 billion for the 

federal government, $5~6 billion for the State governments, and $15~25 billion for the local 

governments (Boyd and Orr 2004).  

Instead of a disruptive approach to replace the nationwide systems, SAFECOM adopts a long-

term evolutionary approach. Boyd and Orr (2004) claim that even if the federal government 

55 The first responder community consists of 28,495 fire departments (960,000 firefighters), 5,841 EMS 
departments (830,000 personnel), and 27,496 law enforcement agencies (710,000 officers) (Boyd and Orr 2004). 
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cannot fund interoperability improvement at all levels of government nor mandate that local and 

state agencies purchase new equipment to achieve interoperability, the federal government can 

establish a vision for improvement, develop innovative interoperability solutions, promote pilot 

systems and build collaborative relationships with local and state agencies in solution 

implementation. The APCO-Project 25 steering committee was formed to select common digital 

system standards, and a distinctive feature of the APCO-P25 standard, compared with other 

standards, is the backward compatibility with legacy systems56 (Boyd and Orr 2004).  

The long-term objective of SAFECOM is to achieve, by 2023, an integrated system-of-

systems that allows public safety personnel to communicate voice, data, and multimedia with 

whom they need, on demand, in real time, as authorized (Boyd and Orr 2004). For this purpose, 

SAFECOM is building long-term drivers such as research and development, demonstration 

projects of innovative technologies and solutions, interoperability standards, statement of 

requirements, and a clearinghouse of interoperability information about grants, best practices, and 

equipment purchases. Along with the long-term investments, SAFECOM defines a baseline 

(=minimum) requirement of interoperability and develops a process to advance standards in order 

to make all the U.S. public safety agencies achieve the baseline level of interoperability and make 

10 percent of public safety agencies fully interoperable at all levels of government by 2008. 

The U.K. Airwave Initiative 

Each of the 51 police forces in Scotland, England and Wales owned and operated 

incompatible analogue systems57. The consequent lack of interoperability resulted in problems at 

major incidents or on joint operations. The Major Review of Radio Communication in 1993 

recommended that new systems should be provided on a national basis and shared by the Police 

and Fire Services, along with other public safety users (NAO 2002). Police requirements for a 

radio system are the most demanding in terms of coverage, reliability and flexibility among public 

safety agencies. To satisfy the police requirements, the Home Office chose TETRA as the 

technology standard for this nation-wide infrastructure. However, the Fire Service considered that 

the features of TETRA do not add much value to their operations but may add significantly to the 

56 Hence, its technical functionality is inferior to other radically innovative technologies. 
57 The Fire Service still operates 50 individual systems and the Ambulance service operates 45 systems. 
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cost. Hence, though the police hoped to build shared networks together, the Fire Service refused 

and maintained their legacy networks. 

PITO (Police Information Technology Organization), in charge of implementing the 

consolidated network, was aware that the size of this project, the number of stakeholders involved 

and the risks associated with implementing new technology require careful management. Faced 

with the challenge of developing a complex service using emerging technologies, the PITO saw 

the use of public-private partnership as a way of engendering innovation. In February 2000, PITO 

signed a framework agreement with Airwave O2 Limited, a subsidiary of the British 

Telecommunications. The network infrastructure is built, owned and operated under the ‘Private 

Finance Initiative (PFI)’58. The present value of the contracted cost for the basic and add-on 

infrastructure services over 19 years is £ 1.47 billion (£ 180 million per year)59. The items such as 

hand-held terminals and control room equipment are to be procured by individual offices and 

estimated to cost £ 280 million. The ‘AIRWAVE’ is the first and the only nationwide 

consolidated public safety wireless communication service in the world. As of June 2004, more 

than 50,000 police and support staffs use the Airwave network, and the number of users is set to 

double by mid-2005 due to the government’s 2005 deadline on the withdrawal of the frequencies 

allocated to the legacy systems. PITO considers that Airwave is not just a high quality radio 

system but also a platform upon which other technologies can build, and PITO particularly 

focuses on the ability to access data systems. 

The cost of building the fixed assets for Airwave is borne solely by the police. However, 

because no other sharer for the service could be guaranteed during the contract, O2 refused to 

share any future income that would result from the use of the Airwave system by other public 

safety agencies60. National Audit Office (2002) claims that the number of sharers for the Airwave 

service should have been settled as early as possible in order to achieve economies of scale in the 

pricing of a PFI deal. Uncoordinated and individual procurement also discourages all the potential 

58 “The public sector contracts to purchase quality services on a long-term basis so as to take advantage of 
private sector management skills incentivised by having private finance at risk.” (HM Treasury 2003) 
59 Discounted at 6 percent real to FY 1999 prices. 
60 The Telecommunication Act license for Airwave, drawn up by the Department of Trade and Industry, 
requires service sharers to be predominantly public safety organizations – not allowing the privatized utilities 
such as electricity, gas and water. This regulation is to preserve fair competition among similar service providers, 
but it limits network capacity sharing and direct communication between public and private sectors. 
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sharers from joining the consolidated network despite little marginal cost. On the other hand, 

NAO agrees that waiting to evaluate the success of new technology implementations avoids the 

risk of all the emergency services being committed to what was an untested system. Consequently, 

O2 in fact takes all the risk and O2 claims that it should reap all the benefits if it is successful. 

This U.K. Airwave illustrates the trade-offs between decentralized and centralized procurement, 

and this dilemma will be analytically examined in detail in Chapter 4. 

4.  Analytic Methodologies 

To design strategic investments in standard services, this thesis will adopt a number of 

analytic methodologies. This section will introduce three innovative methods of this study. They 

may be new to general academic communities of policy analysis. 

Exploratory Modeling (for Long-term Policy Analysis) 

Traditional methods for long-term decision-making include Delphi and Foresight (soliciting 

valuable information about the future through discussions among groups of experts) and decision-

analysis methodology (seeking optimal policy solution based on predicted likelihood of future 

consequences). However, faced with deep uncertainty, these predict-then-act approaches may 

result in loss when the prediction turns out to be wrong. Scenario-based planning can grapple with 

the multiplicity of plausible futures, but the choice of any small number of scenarios is arbitrary 

(Lempert, Popper and Bankes 2003). Moreover, point-scenario planning is characterized by a 

fixation on particular environment and particular assumptions, and such fixation comes at the 

expense of more flexible and adaptive planning (Davis 2002).  

Key elements of successful long-term policy analysis are: to consider large ensembles of 

scenarios; interactively explore the multiplicity of plausible futures; seek robust61, rather than 

optimal, outcomes through adaptive strategies. To construct the ensembles of scenarios, this study 

will employ the “XLRM” framework (Lempert, Popper and Bankes 2003) as shown in Table III-

5. Unlike typical cost-benefit analysis practice which evaluates the investment with a particular 

(usually the most probable) scenario, exploratory modeling creates a map of the incremental 

values and costs that are generated under all plausible scenarios (X and R) and multiple policy 

61 Robustness can be defined as “the ability to withstand, even exploit, turbulence (Light 2005)”. 
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levers (L), and searches for robustness – not effectiveness at a point, but adequate effectiveness 

assured over the plausible scenario space – evaluated by the diverse value systems (M) held by a 

wide range of stakeholders.  

Table III-5. The XLRM Framework of Exploratory Modeling 

Key Terms Description 

Policy levers (“L”) 
Near-term actions that, in various combinations, comprise the alternative 
strategies

Exogenous 
uncertainties (“X”) 

Factors outside the control of decision-makers that may nonetheless 
determine the success of the strategies 

Measures (“M”) 
Performance standards that decision-makers and other stakeholders would 
use to rank the desirability of various scenarios 

Relationships (“R”) 
Potential ways in which the future evolve over time based on the decision-
makers’ choices of levers and the manifestation of the uncertainties 

(Source: Lempert, Popper and Bankes 2003) 

As shown in Figure III-7, analysts will iteratively hypothesize about a new strategy that might 

prove more robust than the current ones (path “d”) or suggest “surprise” that might occur in the 

future (path “e”). This iterative process generates “inductive policy arguments based on a 

structured exploration over the multiplicity of plausible futures” (Lempert, Popper and Bankes 

2003). A robust strategy is quantitatively defined as one with small regret62 over a wide range of 

plausible futures using different value measures (Lempert, Popper and Bankes 2003).  

Exploratory modeling adopts either a parametric or a probabilistic approach (Davis and 

Hillestad 2000). In parametric exploration, the consequences of a wide range of values for input 

parameters are simulated. In probabilistic exploration, uncertainty of any given parameter is 

characterized by a discrete or continuous probability distribution. Hybrid exploration combines 

both parametric and probabilistic exploration. This thesis will apply various exploratory modeling 

to economic analysis, agent-based simulation, and cost-benefit analysis.  

62 Regret is defined as “the difference between the performance of a future strategy, given some value function, 
and that of what would have been the best performing strategy in that same future scenario” (Lempert, Popper 
and Bankes 2003).  The regret of strategy j in future f using values m is given as:  

Regretm(j,f) = Maxj [Performancem(j ,f)] – Performancem(j,f) 
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Figure III-7. Iterative Processes Integrating Computers and Human Analyses 

(Source: Lempert, Popper, and Bankes 2003) 

Agent-based Modeling of Network Dynamics 

Although economic analysis may test a number of different functional forms and explore a 

wide range of parameters, simple parametric functions do not fully reflect complex, uneven and 

asymmetric pattern of interdependencies among various actual systems and missions. The 

Department of Interior has examined complex interdependencies among multiple agencies and 

multiple missions, as shown in Appendix A-2b. The author has converted these binary values to 

the five-scale values in Appendix C-3, using subjective judgments. As a macroeconomic input-

output table describes the complex interdependencies among a comprehensive set of industries 

and their outputs, this system-to-mission mapping matrix represents the interdependencies among 

a set of public information systems and public service missions.  

However, in the real world, it takes time for potential users to appreciate the complementary 

values of interoperable systems of other agencies and utilize these systems. Hence, the inter-

agency system operation may fall behind the inter-agency system integration. Various aspects of 

inter-agency social network mechanisms may affect the effectiveness of collaborative operation of 

networked systems. For instance, a more connected population is likely to better utilize 

complementary systems of other agencies. Hence, social networks analysis may help us better 

understand the determinants of the productivities of networked systems.  

Since the social network mechanism is complex and many factors influence it, Monge and 
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Contractor (2003) suggest a multi-theoretical, multi-level (MTML) model. Various social network 

theories have attended to a wide range of variables such as social influence, power, diffusion, 

social exchange, economic exchange, social cohesion, knowledge management and social capital 

(Katz and Lazer 2002). Multiple theories can jointly improve an explanation of network evolution. 

Social network analysis also emphasizes the multiple levels of analysis because network 

properties exist at the individual, dyad, triad, and global network levels. For instance, reciprocity 

(at the dyad level) and transitivity (at the triad level) in relations are important drivers of social 

network formation. Hanneman (2001) states that the constraints and opportunities of actors arise 

from how they are embedded in networks in that highly connected individuals may be more 

influential on or influenced by others63. The composition of the population is also important. 

Some populations may be composed of individuals who are much alike in terms of connections 

(what is called ‘random networks’), and other populations may show sharp differences, with a 

small number of central and highly connected actors. Barabasi and Bonabeau (2003) find that 

many social networks are dominated by a relatively small number of nodes (so-called ‘hubs’) that 

are connected to many other nodes. They call these patterns “scale-free networks”64.

In the absence of empirical data on actual implementation of a standard service, this exercise 

will simulate the hypothetical effects of six social network drivers on the productivities of 

interoperable systems, taking advantage of agent-based modeling. Agent-based modeling is the 

computational study of a complex dynamic system of recurrent causal chains connecting agent 

behavior, interaction networks, and social welfare outcomes (Tesfatsion 2002). Monge and 

Contractor (2003) summarize that an agent-based modeling framework consists of (1) a list of 

agents and their attributes; (2) a list of relations among agents; (3) interaction rules formulated as 

nonlinear difference equations representing the changes of attributes and relations over time; and 

63 Social power arises from occupying advantageous positions in relational networks, and three basic sources of 
advantage are degree (number of in-going and out-going ties), closeness, and betweenness. Accordingly, these 
three measures of ‘centrality’ of individual node are commonly used in social network analysis (Hanneman 
2001; Degenne and Forse 1999).  
64 For instance, Barabasi and Bonabeau found that more than 80 percent of the web pages had fewer than four 
hyperlinks, but less than 0.01 percent of all nodes had more than 1,000 links. The probability that any node is 
connected to k other nodes was proportional to 1/k2. While the probability distribution of k links in the random 
networks follows bell-shaped functions (e.g. normal distribution), the distribution of k links in the scale-free 
networks follows a power law functions 1/kn.
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(4) initial values for each of the attributes and relations at time t=0. Sterman (2000) notes that 

since an agent-based simulation models the individual members of a population explicitly as 

agents rather than the whole population as a single aggregate entity, important heterogeneities in 

agent attributes and autonomous agents’ decision rules can be represented. Therefore, agent-based 

modeling is particularly effective in modeling the social interactions among autonomous and 

heterogeneous agents in decentralized, as opposed to centrally controlled, environment65.

However, some cynics argue that agent-based models are difficult to validate, produce 

simulations that are hard to understand, and are of varied quality. Our agent-based model will be 

also highly abstract, speculative, and merely suggestive. Being aware of these cautions, I will 

prudently use agent-based modeling in combination with exploratory modeling to illustrate the 

effects of modest investments in standard services jointly with IT portfolio and operation policies 

against combinatory uncertainties in technology progress, system-mission interdependencies and 

inter-agency operational effectiveness, and test whether their joint effects are robust against these 

various uncertainties (in terms of the variance of mission capabilities). 

Adaptive Investment Strategies and Real Option Analysis 

 People learn. Over time, they will gain new information. Accordingly, adaptive strategies 
are the means most commonly used to achieve robustness because they are designed to evolve in 
response to new data. Faced with a multiplicity of plausible futures, a decision maker may settle 
on near-term actions but plan to adjust them in specific ways as new information renders some 
futures implausible and others more likely. (Bankes, Lempert, and Popper 200) 

Kulatilaka (2005) suggests ‘strategic experimentation’ as a form of systematic learning to 

resolve uncertainties over time and fine-tune resource allocations to reflect both internal and 

external conditions. Because modularity improves the divisibility (i.e. the extent that a standard 

service can be divided up for sequential incremental implementation) and the flexibility (i.e. the 

extent that a standard service can support a wide array of applications) of platform investments, 

investment managers can acquire new knowledge in situ in prior segments and make informed 

choices about which options to pursue in subsequent segments. Strategic experimentation can take 

various forms: research projects carried out in isolated test-beds and labs apart from current 

65 Agent-based modeling explores how rule-governed local interactions among large numbers of interconnected 
agents in decentralized systems give rise to large-scale emergent structures, and in turn, how they feed back into 
the determination of distributed local interactions. 
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service operations, provisional adoption initiatives (pilot projects) that allow a detailed evaluation 

of technology, and larger “baseline” implementation of the full standard services (Fichman 2004). 

Ciriello, Gerrish, Kulatilaka and Venkatraman (2005) claim that strategic experiments need to be 

actively championed by key decision-makers who have direct stakes in how these experiments 

guide their investments to exploit future opportunities.  

Adaptive strategy is a method of proactive risk management, as opposed to passive risk 

avoidance. Amram and Kulatilaka (1999) state, “In general, to capture the value of real options, 

organizations must be more flexible, take more risks, start a lot more projects, and kill a lot of 

projects”. Managers need to take on more risk at the onset of a project, and critically evaluate 

project developments as projects unfold. Based on the dispassionate evaluations made from 

regular reviews, managers will exercise their discretion to reorient investments. Real option 

analysis and exploratory modeling help design adaptive investment strategies. 

Stewart Myers at MIT coined the term “real options” to extend financial option theory to 

options on real assets (Amram and Kulatilaka 1999). Real options provide the right to take an 

action in the future, and many strategic investments create subsequent opportunities that may be 

taken. Real options include a deferral option, option to abandon, option to contract, option to 

expand (so-called ‘growth option’), option to extend, switching options, compound options and so 

on (Copeland and Antikarov 2001). The real option analysis helps managers plan strategic 

investments by taking advantage of dynamic programming and risk-neutral valuation methods. 

Dynamic programming solves the problem of how to make optimal decisions when the current 

decision influences future payoffs. Using a dynamic programming algorithm in a backward 

recursive fashion, a decision tree (i.e. a map of the incremental cash-flows that are generated 

under all market contingencies and investment decisions) can be collapsed to determine an 

optimal value at each stage by discounting all the future values and folding them into the current 

decision (Amram and Kulatilaka 1999). Real option analysis looks similar to decision tree 

analysis, but while decision tree analysis assumes a constant discount rate throughout an 

investment process, real option analysis determines the correct discount rate through the “risk-

neutral” valuation at each node of a decision tree66. Kulatilaka, Balasubramanian and Storck 

66 Volatility derived from market information, not subjective probabilities, is used to adjust risk.  If volatility is 
 and risk-free interest rate is r, the risk-neutral probability q = (er – e- ) / (e - e- ).
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(1999) combine the concepts of business capability and real options into the ‘capability-based real 

option’ approach since the value of investment is contingent not only on market conditions but 

also on the degree of success in attaining the target capabilities.  

Since adaptive strategies incorporate the firm’s possible reactions to future contingencies, the 

risk profiles are significantly modified when compared to a take-it-or-leave-it investment design 

(Kulatilaka, Balasubramanian and Storck 1999). Exploratory modeling and real option analysis 

methodologies will be used to design adaptive investment strategies incorporating strategic 

experimentations, and demonstrate that adaptive and flexible strategies can reduce the regrets of 

platform investments across the ensembles of scenarios and maximize their real option values. 

Summary 

The value this research seeks to provide is to improve the understanding of network effects 

across heterogeneous system modules; examine how various standardization policies facilitate or 

impede the network effects; illuminate how standard services and inter-agency collaborative 

capabilities jointly produce mission capabilities over time and how robust their joint effects are 

against technical and behavioral uncertainties; and demonstrate how platform investments can 

evolve adaptively to future contingencies. All these efforts intend to improve the planning of 

robust strategies for investment in standard services, and hence effectively facilitate the long-term 

progress of network-centric public services. 
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Chapter 4.  Evaluating Strategies for Investment in Standard Services 

Modular architecture decomposes vertical stovepipes into a number of horizontal layers. If the 

commonality of a given layer is high, a common service can be developed and shared across all 

the agencies. If the heterogeneity is high or diverse applications are already built, middleware and 

interfaces can be developed for the interoperation among heterogeneous systems. The linkage 

between shared common services and various agencies is a one-way dependent network, and an 

extra user reduces the average cost of common services (i.e. indirect network effects). When n

different applications form a two-way interdependent network to interact or exchange data with 

each other (with n(n-1) interaction links), an additional (n+1)th application adds 2n new links to 

all other applications (i.e. direct network effects).  Investments in shared services or standard 

interfaces aim to improve these indirect and direct network effects in a cost-effective manner, and 

a number of alternative (e.g. centralized, decentralized, or some hybrid) strategies exist. The first 

section will evaluate alternative strategies to procure shared services, and the second section will 

examine the optimal scope of standard interfaces for diverse applications. 

1.  Indirect Network Effects of Shared Infrastructure and Services 

Table III-4 illustrates the examples of cross-agency initiatives for government-wide horizontal 

consolidation of common management and support functions (most of which are the level 3 or 4 

of the Business Reference Model). Such cross-agency sharing can save inappropriate 

redundancies and improve consistencies. However, standardization may become another way of a 

“one-size-fits-all”. Lutchen (2004) suggests that standardization efforts should, by analyzing user 

demands, identify a small number of broad yet manageable classes into which all users can be 

placed. These classes can then be layered on each other so that everyone uses the same basic 

services and for those in higher classes, the extras can be layered on top of the basics. This 

approach can ensure adequate flexibility to accommodate differences among diverse users.  

This section will evaluate various strategies to procure horizontally common information 

services for government agencies that have different marginal willingness to pay for service level, 

and verify Lutchen’s claim. It will first compare a one-size-fits-all approach, a competition 

approach, and a complementary modular approach in delivering shared services. Then, it will 
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examine various strategies to procure modular services, and finally, exploratory analysis will 

evaluate and rank alternative strategies against various exogenous and relational uncertainties. 

The Model Set-up:

In this study, consumers are the complete set of various government agencies. Inappropriate 

redundancies disappear as individual agencies find it to their advantage to draw upon more 

economic services. Since each government agency has a different marginal willingness to pay for 

service level, the utility of an agency of type  (taste parameter) is (Tirole 1989):  U  =  s .

Service level (s) is an abstract service quality measure of a shared system and represents the 

maximum value appreciated by the most demanding user.   is a measure of consumers’ 

subjective tastes, and distributed on [0,1]. Each customer with  is assumed to purchase the 

service as long as  s   p ( p: price of service), so all the consumers of type  [p/s, 1] will 

purchase the service. A cumulative distribution function F( ), (0 F( ) 1), is the fraction of 

consumer population with a taste parameter of less than . When price discrimination is 

impossible, the demand (for monopolist) is  q = 1 - F( *).  The social welfare is derived from 

the aggregate of individual utilities subtracted by the fixed cost of a shared service. 

)(
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Key assumptions of this exercise are:  

1)  is uniformly distributed between [0,1]  F( ) = .   

2) The development cost of a shared system is a convex function of service level67: C(s) = s2/2.

3) Once developed, no variable cost with respect to the number of users (‘non-rivalry’). 

Comparison of Monopoly, Competition, and Traditional Procurement 

The monopolist’s profit is:  (p,q) = p (1 - F(p/s)) – C(s) = p (1 - p/s) – s2/2

The monopolist’s choices of profit-maximizing equilibrium price and service level are derived 

from the first-order conditions (F.O.C.):  

(p,q)/ p = 1 - F(p/s) – (p/s)f(p/s) = 0   (p,q)/ s = (p/s)2f(p/s) – C'(s) = 0 

                                                
67 When the service level (or complexity) of a system increases, its development cost often increases more 
rapidly. This leads to diminishing marginal returns. 
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The monopolist’s equilibrium service level and price are s = 0.25 and p = 0.125, and the 

monopolist profit will be 0.03125. The resulting consumer surplus and social welfare are 0.03125 

and 0.0625 (see Table IV-1). 

Now, let’s examine a duopoly situation where two firms provide different levels of competing 

(substitutable) services. Firm L produces only a basic service, and firm H produces a more 

comprehensive service. sL and pL are firm L’s service level and price, and sH is firm H’s 

incremental service level over sL and pH is firm H’s incremental price over pL (That is, the service 

level of firm H is sH + sL, and its price is pH + pL).

L =
L

L

s
p

 [0,1] and H =
H

H

s
p

[ L,1]  ( H L
L

L

H

H

s
p

s
p

L

H

L

H

s
s

p
p

)

Demands for a higher and a lower level of service are (Tirole 1989):  qH = 1 – (pH/sH)  and  

qL = (pH/sH) – (pL/sL).  The consequent profit functions are as follows: 

L(pL, sL, pH, sH ) = pL qL – sL
2/2 = pL ((pH/sH) – (pL/sL)) – sL

2/2

H(pL, sL, pH, sH) = (pH + pL) qH – (sH+sL)2/2 = (pH + pL) (1 – (pH/sH)) – (sH+sL)2/2

By solving the (Cournot) competition equilibriums using simultaneous equations,  

pL
*= 0.0115831,  sL

*= 0.0491541,  qL
* = 0.235648,  L

* = 0.00152,   

pH
*= 0.0950907,  sH

*= 0.201764,   qH
* = 0.528704,  H

* = 0.0249 

Consumer surplus of government agencies and social welfare are defined as follows, and their 

values at the equilibrium (pL
*, pH

*, sL
*, sH

*) are: 
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    CS* = 0.0425582  and  W* = 0.0689985 

The sum of two competitive firms’ profits is smaller than the monopolist profit. Bringing in 

competition in the form of duopoly substantially lowers the consumer prices, and hence allows 

more users to benefit from appropriate services. This increases consumer surplus substantially, but 

only slightly increases social welfare because of redundant investments in common systems. That 
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is, given indirect network externalities, competitive services may substantially improve consumer 

surplus, but only marginally improve social welfare, compared with a monopolistic single service. 

The welfare maximizing price and service level are derived from: W(p,s)/ p = W(p,s)/ s = 

0, and welfare maximization leads to the production of a one-size-fits-all service. The welfare 

maximizing service level is 0.5 and its price is zero. This means that developing only one high 

quality service and letting every agency use it (centralized public development) maximizes social 

welfare. The equilibriums of various non-modular productions are summarized in Table IV-1. 

Table IV-1. Equilibriums of Various Production Alternatives with No Modularization 
Service 

level
sL

Price

pL

Market 
share 
qL

Profit

L

Service 
level

sL+sH

Price

pL+pH

Market 
share 
qH

Profit

H

Total 
procurement

costs

Consumer
surplus 

CS

Social 
welfare

W
Monopoly  0.25 0.125 0.5 0.031     0.063 0.031 0.063 

Duopoly (competition) 0.049 0.012 0.236 0.002 0.251 0.107 0.529 0.025 0.053  0.043 0.069 
Centralized public 
development 0.5 0.0 1.0 (0.125)     0.125 0.125 0.125 

(Total Procurement Costs: include public development cost and acquisition costs from for-profit firms)

Economic Analysis of Modularization 

Instead of developing one tightly integrated system by one developer, multiple layers of 

modules can be developed by specialized developers. Modularity enhances speed of innovation by 

allowing different modules to be developed independently and concurrently (Faster); reduces the 

scope of innovation for any individual team and increases team specialization of individual 

modules (Better); and lightens the burden of repeated innovation by recycling existing modules 

into the integrated technology, and again speeds up the development process (Cheaper). Well-

defined modularity may expedite the outsourcing of some components from external suppliers. 

Hatch (2001) suggests that if the cost of developing a new system is a convex function of its service 

level, a sequence of incremental modules is less costly to develop than a single integrated system68.

                                                

68 Cost Implications of the Modularization

Cost           
        Original cost curves 

          New cost curve with modularization
          
            

            Service level 



67

This study supposes the development of two classes of non-redundant modular services69.   

L represents a basic (or underlying) module, and H represents an add-on (or augmented, enhanced, 

optional) module70 which is built on top of the basic module. The total costs of developing the 

basic and add-on modules are assumed to be sL
2/2 + sH

2/2, instead of (sL+sH)2/2 71.

Modularity not only provides suppliers with cost advantages, but also provides various 

customers with more diverse and flexible choices. Both the basic module developer and the add-

on module developer sell their services directly to customers, and customers can decide whether 

to buy only the basic module, or both, or none of them. Under modularization, the price for the 

add-on module is pH and only those who have purchased the basic module with price pL can 

utilize the add-on module (qH < qL). Two services are no longer substitute, but complementary 

goods. This study assumes that the demands of modular services are:  qH = 1 – (pH+pL)/(sH+sL)72

and qL = 1-(pL/sL). It should be noted that the demand of the add-on module is assumed to be 

affected by the service level and price of the basic module as well as by its own. 

Modularization of horizontal common services will increase welfare gains, but the network 

externalities among complementary modules are likely to complicate government procurements. 

There are a number of procurement alternatives for modular services. This study starts by 

examining a decentralized procurement that individual government agencies purchase de facto 

standard modules from for-profit firms. This study will analyze equilibrium service levels and 

prices of modular services provided by either two independent firms or a vertically-integrated 

consortium. Then, it will investigate the equilibrium modular services provided by a central 

                                                
69 For instance, the UK Airwave service is divided into two parts: Core Service and Menu Exclusive Service. 
Individual police forces have to purchase their menu exclusive services to provide additional services that 
augment the functionality above the core service. 
70 Add-ons, also known as plug-ins, extensions, or snap-ins, are optional computer hardware or software 
modules that supplement or enhance the original unit they are adding on to. For example, web browsers use 
plug-ins to enable the presentation of new content formats without modifying the underlying web browser. 
Manufacturers can use add-ons to create vendor lock-in by proprietary interfaces that are tightly held by the 
company that manufactured the original unit (http://wikipedia.com).  
71 Basic’ does not mean lower technologies. The cost of developing modules increases only with service levels, 
but it is indifferent to whether it is a basic or an add-on module. In addition, modularization may incur the costs 
of designing interface specs to link individual modules. The design cost is generally small, and fixed regardless 
of service level for add-on modules, not affecting the optimal service levels for individual modules. So, this 
exercise will not include this possible interface design cost. 
72 It assumes that users buy add-on module as long as (pH+pL)/(sH+sL) even if pH /sH  .
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authority for maximizing welfare gains. Finally, it will explore a number of hybrid procurement 

policies that a central authority and a for-profit firm jointly provide complementary modules. All 

these analysis outcomes are summarized in Table IV-2.  

Decentralized (Market-based) Procurement from Two Independent Monopolists 

In this section, two firms are supposed to agree on a modular architecture, but independently 

maximize their own profits without coordinating their service levels and prices. The profits for 

basic and add-on module developers are: 

L(pL,sL) = pL (1– pL/sL) – sL
2/2

H(pH,sH) = pH (1 – (pH+pL)/(sH+sL)) – sH
2/2

First, the provider of the basic module chooses service level (sL) and price (pL) without 

considering the decisions of the add-on module developer. 

L(pL,sL)/ pL = L(pL,sL)/ sL = 0  pL
* = 0.125,  sL

* = 0.25,  qL
* = 0.5,  L

* = 0.031 

Then, based on the service level and the price of the basic module (sL
* and pL

*), the provider of 

the add-on module chooses its service level and price to optimize its profit. 

H(pH,sH,pL
*,sL

*)/ sH = H(pH,sH,pL
*,sL

*)/ pH = 0   

pH
*= 0.179,  sH

*= 0.233,  qH
* = 0. 371,  H

* = 0.039,  L
* + H

* = 0.070 

Consumer surplus of government agencies and social welfare in the modularized production 

model are defined as follows, and their values at the equilibrium (pL
*, pH

*, sL
*, sH

*) are: 

2/2/
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    CS* = 0.0353  and  W* = 0.1057 

Compared with the competitive duopoly situation, modularization significantly increases the 

optimal service levels for both basic and add-on modules at lower costs, and the profits of both 

firms increase substantially. The add-on module provider can save on development cost by 



69

focusing only on its specialization. Since users with high  as well as low  will buy the basic 

module (i.e. the basic and the add-on modules are complementary goods, but not substitute goods), 

the basic module provider can avoid competition and expands customer base while increasing the 

price. Therefore, both independent developers share mutual incentive to cooperate in designing a 

coordinated architecture. The social welfare also significantly increases as the consequence of 

modularization, but it is note-worthy that consumer surplus decreases since both service providers 

can charge higher prices by avoiding competition. 

Decentralized (Market-based) Procurement from the Integrated Monopolist  

Two modular services may be provided by the integrated monopolist (or a joint venture, a 

consortium). The integrated monopolist maximizes the joint profit derived from both of 

complementary modules ( (pH,sH,pL,sL) = H(pH,sH) + L(pL,sL)) as follows: 

(pH,sH,pL,sL)/ pH = ( pH,sH,pL,sL)/ pL = ( pH,sH,pL,sL)/ sH = ( pH,sH,pL,sL)/ sL = 0 

pL
*= 0.0958,  sL

*= 0.3282,  qL
* = 0.708,  L

* = 0.0139,   

pH
*= 0.238,  sH

*= 0.243,   qH
* = 0.416,  H

* = 0.0694,  L
* + H

* = 0.0834 

The comparison between independent monopolists and an integrated monopolist implies that 

there exist significant positive externalities arising from the basic module. The integrated joint 

venture can internalize these externalities and make higher profits than independently profit-

maximizing monopolists if the integrated monopolist can sell the basic module with a higher 

service level at a lower price and instead charge a higher price for the add-on module (e.g. 

standard version and professional version). Consumer surplus (CS*) and social welfare (W*) are 

0.0634 and 0.1468, and hence the integrated monopolist improves both consumer surplus and 

social welfare. In this perspective, vendor lock-in effects are not necessarily bad. 

Centralized Public Procurement  

Welfare maximizing prices and service levels are derived from the following F.O.C.s: 

W(pH,sH,pL,sL)/ pH = W(pH,sH,pL,sL)/ pL = W(pH,sH,pL,sL)/ sH = W(pH,sH,pL,sL)/ sL = 0

pL
*= 0,  sL

*= 0.5,  pH
*= 0,  sH

*= 0.5 
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The welfare-maximizing service level is 0.5 for both basic and add-on modules, and both 

prices should be zero to let every agency use them73. Consumer surplus and social welfare is 0.25, 

substantially higher than those from decentralized market-based procurements. This means that 

development of high-quality modular services by a central authority and the provision of them to 

all the government agencies at no charge will maximize social welfare. Given the quasi-public 

good nature (non-rivalry) of information services, this centralized approach works very well for 

the services based on mature technologies and with well-understood demands. 

However, the effects of centralized public developments are often questionable for the 

services based on emerging technologies and with obscure and highly diversified demands. A 

centralized authority based on hierarchy often does not respond well to diversified needs and 

complex and changing situations. Conventional public procurement mechanisms often do not 

effectively manage or motivate developers74. In addition, while public private partnership may 

allow a given service to be utilized by a broader base, the development of an exclusive service 

only for governments may not fully exploit economies of scale. If a needed common service is 

based on some proprietary technology, government may not purchase it at cost without premium. 

Since budgetary systems are agency-centric, appropriating government-wide strategic budgets for 

a sizeable cross-agency infrastructure is often difficult. Because of these reasons, the full benefits 

of centralized public development or procurement are often unachievable.  

Hybrid Procurements (Two Mixed Approaches and One Public-Private Partnership Model) 

Several hybrid procurement alternatives can be conceived. First, a central authority may 

develop only the basic module and provide it at no charge, and allows the for-profit monopolist to 

develop and sell an add-on module to individual agencies. That is, government responds to more 

general needs, and transfers the responsibility of satisfying more uncommon and sophisticated 

needs to the for-profit firm. One may wonder whether public investment in the basic module 

                                                
73 We should be cautious that the cost which a customer pays includes not only a monetary product price, but 
also a non-monetary cost such as learning and maintenance efforts. That is, even if some software is free, it costs 
users’ time and effort unless it is user-friendly and reliable. Therefore, most free software currently available is 
not actually free to users, and that’s why they have not been adopted by the majority of users. 
74 According to the U.K. HM Treasury research, 70 percent of conventional public procurements were delivered 
late and 73 percent ran over budget while only 12 percent of the public private partnership (private finance 
initiative) projects were delivered late and none of them ran over budget (HM Treasury 2003). 
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accelerates or crowds out private investments in add-on module. When the central authority 

provides the basic modules with three service levels at no cost (sL
*=0.25, 0.328 or 0.5 and pL

*=0), 

the vendor of add-on module chooses its service level and price to maximize its profit. 

H(pH,sH,pL
*,sL

 *)/ sH = H(pH,sH,pL
*,sL

*)/ pH = 0   

The equilibrium investment in service level by the for-profit monopolist remains constant 

regardless of the service level of the basic module (neither accelerated nor crowded out) as shown 

in Table IV-2. Given our assumption that users buy the add-on module as long as (pH+pL)/(sH+sL)

, the free provision of the high-quality basic module (high sL and zero pL) allows all the 

government agencies to pay more for the add-on module, so the for-profit firm can charge a 

higher price75 and procurement costs may explode. Hence, while the public development of the 

basic module substantially enhances social welfare, the for-profit firm may extract most of the 

benefits. The consumer surplus of governments may become even smaller than those from 

decentralized procurement.  

Alternatively, a central leadership may define a modular architecture to let the for-profit firm 

develop and sell the basic module, and then develop the add-on module and provide it to all the 

government agencies at no charge. This approach may transfer the risk of establishing the basic 

modular services to the for-profit firm and prevent the opportunism by the add-on module vendor. 

The consequent consumer surplus of governments becomes as high as 0.102. However, the for-

profit firm will invest sub-optimally in the basic module (just as much as under the decentralized 

procurement from independent monopolists) and only half as many government agencies will buy 

and use the basic and the add-on modules, reducing social welfare gain. In sum, such mixed and 

uncoordinated modular development between public and private sectors are not attractive because 

they fail to coordinate complementarity between the basic and the add-on modules. 

Finally, if horizontal modular services are already successfully developed by an integrated for-

profit firm and used by a few leading agencies, they will be very likely to become de facto 

standards for all other agencies in the near future. A central authority or coordination committee 

                                                
75 Users may buy add-on modules only if pH /sH . If so, procurement cost will not explode and hence 
consumer surplus for governments will substantially increase. The equilibrium service level and social welfare 
will remain unchanged. 
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can take advantage of these existing commercial modules instead of developing new ones. On 

behalf of all other agencies, a central authority purchases the rights to use them by recompensing 

the expected full monopolistic profits as well as the development costs and then provides these 

modules to all the government agencies at no charge. This public-private partnership approach (i.e. 

private development and centralized procurement) may provide market-leading firms with 

appropriate incentives to take risks to develop high-quality modules for governments and also 

allow all the government agencies to share them and realize full network values.  

Table IV-2. Equilibriums of Various Modularization Alternatives (Uniform distribution of taste )
Service 

level
sL

Price

pL

Market 
share 
qL

Profit

L

Service 
level
sH

Price

pH

Market 
share 
qH

Profit

H

Total 
procurement

costs

Consumer
surplus

CS

Social 
welfare

W
Decentralized procurement 
from two independent firms 0.25 0.125 0.5 0.031 0.233 0.179 0.371 0.039 0.129 0.035 0.106 

Decentralized procurement 
from an integrated firm 0.328 0.096 0.708 0.014 0.243 0.238 0.416 0.069 0.167  0.063 0.147 

Centralized public 
development 0.5 0.0 1.0 (0.125) 0.5 0.0 1.0 (0.125) 0.250 0.25 0.25 

Hybrid development :  
public basic, private add-on  

0.25 0.0 1.0 (0.031) 0.25 0.25 0.5 0.094 0.156 0.063 0.156 

Hybrid development :  
public basic, private add-on 

0.328 0.0 1.0 (0.054) 0.25 0.289 0.5 0.113 0.199 0.059 0.173 

Hybrid development :  
public basic, private add-on 

0.5 0.0 1.0 (0.125) 0.25 0.375 0.5 0.156 0.313 0.031 0.186 

Hybrid development :  
private basic, public add-on 

0.25 0.125  0.5 0.031 0.375 0.0 0.5 (0.070) 0.133 0.102 0.133 

Public private partnership 
with a integrated firm 0.328 0.0 1.0 0.014 0.243 0.0 1.0 0.069 0.167 0.119  0.202 

Alternative Assumptions of Taste Distribution 

So far, all these analyses have been based on the assumption of uniform distribution of 

consumer tastes. To verify them in more diverse contexts, this study reproduces these analyses 

using a logistic distribution, )5.0(10

)5.0(10

1
)(

e
eF  (0 1  0 F( ) 1). While uniform 

distribution represents a highly heterogeneous user population, logistic distribution represents a 

more homogeneous population with the majority of consumers having  around 0.5.  

While the equilibrium patterns derived from a logistic function, shown in Table IV-3, are 

similar to those derived from a uniform distribution, social welfares are significantly higher. 
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Particularly, the decentralized procurement from independent firms or the hybrid procurement of 

a private basic module leads to substantially higher social welfare under a logistic distribution 

than under a uniform distribution. This implies that with more homogeneous demands of service 

levels, network externality arising from the basic module turns out to be less significant, and 

uncoordinated modular production by independent monopolist(s) become more workable. 

Table IV-3. Equilibriums of Various Modularization Alternatives (Logistic distribution of taste )
Service 

level
sL

Price

pL

Market 
share 
qL

Profit

L

Service 
level
sH

Price

pH

Market 
share 
qH

Profit

H

Total 
procurement

costs

Consumer
surplus

CS

Social 
welfare

W
Decentralized procurement 
from two independent firms 0.293  0.115 0.745 0.043 0.277 0.145 0.631 0.050  0.177  0.085 0.177 

Decentralized procurement 
from an integrated firm 0.355  0.100 0.900 0.027 0.285 0.181 0.648 0.077  0.207  0.093 0.197 

Centralized public 
development 0.500  0.0  1.0  (0.125) 0.500 0.0  1.0  (0.125) 0.250  0.250 0.250 

Hybrid development :  
public basic, private add-on  0.293  0.0  1.0  (0.043) 0.293 0.230 0.745 0.128  0.214  0.069 0.198 

Hybrid development :  
public basic, private add-on 0.355  0.0  1.0  (0.063) 0.293 0.254 0.745 0.147  0.252  0.062 0.208 

Hybrid development :  
public basic, private add-on 0.500  0.0  1.0  (0.125) 0.293 0.311 0.745 0.189  0.357  0.030 0.219 

Hybrid development :  
private basic, public add-on 0.293  0.115 0.745 0.043 0.468 0.0  0.745 (0.109) 0.195  0.160 0.203 

Public private partnership 
with a integrated firm 0.355  0.0  1.0  0.027 0.285 0.0  1.0  0.077 0.207  0.113 0.216 

Exploratory Analysis 

Table IV-4 summarizes the key XLRM elements of this study. This study has identified and 

examined five policy levers (“L”) for the procurement of shared service modules: 1) decentralized 

market-based procurement by individual agencies from the integrated monopolist, 2) centralized 

public development, 3,4) two hybrid approaches of combining public and private development, 

and 5) public-private partnership (centralized procurement of de facto standard modules 

developed by the integrated monopolist). To evaluate and rank these alternative policies, we need 

measures (“M”) for success. Governments, as consumers of services, may seek to maximize only 

their own surplus, but social welfare gain is the most comprehensive measure of economic values 

that include not only their own surplus but also producer surplus that boosts national industries76.

                                                
76 However, if foreign companies provide shared services, consumer surplus may be a more appropriate measure 
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Both social welfare gain and consumer surplus are estimated. These measures may vary 

depending on various exogenous uncertainties (“X”) and relationships (“R”). This study 

hypothesizes that the possible inefficiency of public development and uncertain distribution of 

consumer tastes among agencies are the most critical factors that change the rank of alternatives. 

This exercise estimates two outcome measures against various levels of inefficiency costs77

caused by public development and two distributional functions of consumer tastes. Figure IV-1 

presents the results of the exploratory analysis. 

Table IV-4. Key Factors used to Construct Ensembles of Scenarios 

(X) Exogenous Uncertainties

 The extent of inefficiency in public development 

(R) Relationships
 Distribution of taste parameters across the 

government agencies (F( ))

(L) Policy Levers to procure horizontal modules 
 Private development and Decentralized procurement 
 Centralized public development 
 Hybrid (public and private) development 
 Private development and Centralized procurement

(M) Measures for Ranking Alternatives

 Social welfare gain 

Consumer surplus of governments 

The patterns of policy rankings are more or less similar across two distributional assumptions, 

implying that the policy derivations of this study are rather robust to distributional assumptions. 

The efficiency of public development is the most critical factor that changes policy rankings. If 

public development is nearly as efficient as private development, the centralized public 

development of both basic and add-on modules on behalf of all the government agencies 

maximizes social welfare and consumer surplus. However, if public development is less efficient 

than private development, the public private partnership of de facto standard modules developed 

by a vertically-integrated for-profit consortium turns out to be the best strategy. The rank of 

centralized public development of both modules considerably drops as the inefficiency of public 

development increases, especially for the social welfare measure. Under the social welfare 

measure, private development is preferred for a wider scenario space of public development 

efficiency. Other mixed hybrid procurement strategies turn out to be underperforming across all 
                                                                                                                                                        
than social welfare gain. Shared services are often based on global standard technologies, so governments may 
have to procure shared services from multi-national companies. 
77 Inefficiency rates (ranging between 0% and 100%) are multiplied to the public development costs. 
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the scenarios. Due to externalities arising from the basic module, integrated development (either 

by the government or by a for-profit consortium) is important. This exploratory analysis finds that 

public private partnership with an integrated for-profit consortium is the most robust strategy. 

Figure IV-1. Exploratory Analysis of Various Procurement Strategies78

Measures
Social Welfare Gains Consumer Surplus (of Governments)

Taste
distribution

Uncertainty in the inefficiency of public development Uncertainty in the inefficiency of public development
0% 25% 50% 75% 100% 0% 25% 50% 75% 100%

Uniform
distribution

1
Centralized
Development of
Public Modules

Public Private
Partnership with a
For-profit firm
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Ranking of
5 Policy
Levers

2. Direct Network Effects and Loose Coupling via Standard Interfaces

This section will start to consider heterogeneity among network nodes. When most agencies 

have already deployed complementary yet incompatible systems, middleware and interfaces 

improve technical and semantic interoperability and hence generate direct network effects. There 

are several alternative coupling policies, but complex interdependencies and heterogeneity among 

diverse systems makes it difficult to search for the optimal networking solutions. This section will 

define the values and costs of interconnecting diverse systems and applications, and evaluate the 

welfare gains derived from alternative coupling policies.  

                                                
78 This figure is produced using DynaRank toolkit developed by Davis and Hillestad (2000). 
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Benefit and Cost of Coupling Heterogeneous Systems 

The cost of coupling two specialized systems is likely to be proportional to the disparity 

between them. Disparity can be mapped into multiple (e.g. technical, semantic and organizational) 

dimensions, but for simplicity, this study conceives a one-dimensional abstract measure of 

‘distance’ (d). Then, the marginal cost of coupling another system can be defined as a continuous 

function of distance ( MC = k d ; where k is a constant greater than zero)79.   

While the service value of a given system to its owner, denoted by s, can be called system’s 

own value, the value of another system of other agency can be called marginal ‘network value’ 

and defined as MV = s  . N nodes of a network can create N(N-1) links, and the Metcalfe’s law 

claims increasing returns to scale for network value by assuming that all the interactions are 

equally valuable. However, the subjective value of a given system to an individual agency, 

denoted by , varies depending on many factors (Perry et al. 2002; Swann 2002)80. Libicki and 

Pfleeger (2004) suggest that four major barriers to circulating the right kinds of information 

within communities are: 1) lack of awareness (thus not circulating information to those who need 

it); 2) lack of attention (decreasing the likelihood that significant items will receive needed 

attention); 3) inadequate templates (closing off potential avenues of interpretation of new 

situations); and 4) compartmentalization (keeping information to sub-communities for security 

and bureaucratic reasons). Dissimilarity or disparity is a factor that is the most likely associated 

with these four barriers. Each agency serves different missions, and accordingly develops its own 

unique system to best meet the service need of its mission. Systems of other agencies may also 

provide complementary network benefits. This exercise simulates not only constant  but also 

variable  (0 1) in which the owner of a system appreciates its potential value fully (  = 1) and 

the marginal network values to others decline with distance81.

                                                
79 The advance of middleware and interface technology will reduce the costs of coupling heterogeneous 
systems.  
80 Swann (2002) points out that the value of a particular network depends not only on its total size, but also the 
precise composition of that network.  Swann illustrates an example of s-shaped utility function of network size 
when the probability that  type users call  type users declines steadily with the social distance between them. 
Perry et al. (2002) list many factors that make it difficult to assess the true value of the network, and they 
include: information overload, latency, information quality, collaboration’s effect, complexity, and so on. 
81 That is, this exercise will model marginal network value as a diminishing function of distance parameter 
(= (d)). This is an overly strict assumption since very different systems may share a high complementary value. 
This will be relaxed in Chapter 5 using a non-parametric interdependency matrix. 
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As marginal network values damp out and coupling costs increase with the distances between 

systems, an enlightened approach might be to look for high-payoff interactions and link them with 

customized interfaces rather than organizing the whole systems around a common standard 

interface. As long as marginal network value is greater than marginal coupling cost (MV(d,s)= s

MC(d,k)=k d), two systems can be tightly coupled via a bilateral interface. 

Loose Coupling via Standard Middleware 

Instead of building numerous bilateral interfaces (n(n-1) links), a community of similar 

systems may multilaterally agree to link to each other via a standard interface (2n links)82. The 

scale of a standard interface can be defined as how heterogeneous nodes can be interconnected by 

a standard interface. The heterogeneity covered by a standard interface, in terms of the maximum 

distance, will be called ‘scope’ hereafter. Let the scope of a standard interface be denominated as 

n, and the positions of two systems to be networked within the scope of n as  and . Assuming a 

standard interface is positioned at the center of the scope n (= ½ n), the cost of developing a 

standard interface is:  

CS = 
n

dnk
0

|
2

|2 = 1/2 k n2 83.    

When a standard interface organizes heterogeneous systems, all the heterogeneous systems 

within the standard scope become simultaneously the supplier of its own service and the user of 

others’ services. The (total) ‘network value’ generated from a standard middleware is the sum of 

reciprocal marginal network values between all the combinatory pairs of nodes organized by a 

standard interface (VS = 
n n

ddMV
0 0

|)(| ; ).  

82 In the below diagram of six nodes, the number of bidirectional links via bilateral interfaces is 6*5 = 30, and 
the number of links via a standard interface is 2*5 = 10. Because links are bi-directional, the number of links 
between all the systems and a hub interface is multiplied by two. 

83 If they are tightly coupled, the cost of all the bilateral interfaces amounts to
n n

ddk
0 0

|| = 1/3 k n3



78

The maximum welfare gains derived from a standard interface (WS = VS – CS) can be solved 
from the F.O.C. : 0),(),( knCsnV SnSn .  The approach to look for a standard interface that 

can interconnect a wide-ranging scope of heterogeneous systems can be called ‘centralized loose 

coupling’ because a central authority often prefers an overarching standard to expand its 

influences (as if standardization is a goal rather than as a means). However, we are not 

constrained to make only one standard, but allowed to make multiple smaller standards. What 

really matters is not maximizing the welfare gains derived from a single standard interface (=Ws),

but maximizing the welfare gains derived from each unit of networked systems (=Ws/n).  

The optimal scope of a standard interface (n*) that maximizes the welfare gain of each loosely 

coupled system (=Ws/n) is derived from the F.O.C. : 0
),(),(

n
knC

n
snV S

n
S

n .  This approach 

can be called ‘decentralized loose coupling’ because it seeks many narrower-scope standard 

interfaces and it builds standards as a means to maximize the network values of individual 

systems (as opposed to the standard itself).  

Exploratory Analysis 

This exercise aims to search for an effective coupling policy when service values and the 

coupling cost coefficient are exogenously given. As technologies evolve, coupling cost is likely to 

decline and the service level of systems is likely to increase over time. Since network values 

among many heterogeneous systems are complex, the search for optimal networking solutions is 

difficult. A simple (preliminary) analysis in this section will be based on strict assumptions, and 

these assumptions will be relaxed for a more comprehensive analysis in chapter 5.  

Using the XLRM framework in Table IV-5, this exploratory analysis exercise will evaluate 

the effects of three alternative coupling policies on welfare gains against varying k and s under

two assumptions of marginal network values. This exercise supposes a situation where systems 

are uniformly (continuously) distributed over the one-dimensional continuous disparity spectrum 

(i.e. no system is equal to others). Hence, the bigger a network community is, the more 

heterogeneous it is. Although the nature of system services is heterogeneous, their (monetary) 

values are assumed to be all equal to s.
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Table IV-5. Key Factors used to Construct Ensembles of Scenarios 

(X) Exogenous Uncertainties
 Service level (s) of all the individual systems 
 Coupling cost coefficient (k)

(R) Relationships Between Factors   
 Marginal network value function: [d,s] 

- Diminishing or Constant value to distance

(L) Policy Levers

 System coupling policies 
- Tight coupling via numerous point-to-point interfaces 
- Centralized loose coupling 
- Decentralized loose coupling

(M) Measures for Ranking Scenarios

 Social welfare gains (W)

 Maximum interaction distance (d, n)

Constant Marginal Network Values (so-called the ‘Metcalf’s Law’)

Given that is a constant and the value of all the heterogeneous systems is assumed to be s ,

the network value arising from a standard interface with scope n becomes VS = s  (n2-n). The 

standard interface cost is CS = 1/2 k n2. As long as s is greater than 1/2 k, the equilibrium scope 

of a standard interface is infinite (otherwise, zero equilibrium standard scope). This implies that 

the claims for a universal standard interface are based on this constant network value assumption.  

Diminishing Marginal Network Values 

(Assumption) The marginal network value, denominated as MV, is defined as a continuous 

function of distance (d) and service level (s)84: MV(d,s) = s  (d,s) = 
2

4

4

)1(

4

s
d

s
d

e

es .

Marginal network value and marginal coupling cost arising from a given system that is 

positioned at 0 over the distance dimension (with s=1 and k=1) can be presented as Figure IV-285.

84 The subjective taste ( ) is defined as a function of d and s.  is slightly modified from the first derivative of a 
logistic curve, 

2)1( d

d

e
e (its value at d=0 is 0.25), to have the value 1.0 at d=0 and one fourth in dispersion.  

By placing service level s also in  as a dispersion parameter, this exercise assumes that a system with a higher 
service level can benefit a wider range of users.  
85 The negative sign in the left side of the x-axis (distance) simply represents the direction from the system to be 
coupled (at d=0), and what matters is its absolute value of the distance from the system at d=0.  Since marginal 
network value of a system diminishes with distance, the sum of marginal network values of a given system to all 
others does not infinitely increase but converges to 2),( sddsdMV . Since owner’s value s is excluded 

from network value, the network value of a given system is s2– s  (s2– s>0 s > 1). 
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Figure IV-2. Marginal Network Value and Marginal Coupling Cost from a System with s=1

The maximum distances (d*) for point-to-point coupling (when s (d,s) = k d) are shown in 

Table IV-6. Welfare gain, generated from n scope of tightly coupled systems to others positioned 

within distance d* over the continuous disparity dimension (see Table IV-6), is given by: 
*

*
)),(),((),,,( *

2

d

dpp ddkdMCssdMVnnksdW 86.

The (total) network value generated from a standard interface, VS(n,s), is given as87:   

nsdd
e

essnV
n n

s

s

S 0 0
2

)(4

)(4

)1(

4),(  = nseLogeLogs s
n

s
n

))4()1(2(
4
1 44

3

Table IV-7 shows the optimal standard scopes for centralized loose coupling and their 

maximum welfare gains. Table IV-8 shows the optimal standard scopes for decentralized loose 

coupling and their welfare gains.  

86 This is the area enclosed by the marginal benefit curve and the marginal cost curve in Figure IV-2. 
87 The below figure illuminates the marginal network values between the pairs of systems (s=8) organized by a 
standard interface with scope n=10. The volume under this marginal network value surface (excluding the own 
value s n) is the (total) network value generated from the standard interface. 
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Table IV-6. Interaction Scope and Welfare Gains from Bilateral Tight-Couplings 

Maximum Interaction Distance through Tight Coupling (d *) Welfare Gains derived from Each Unit of System through Tight Coupling (W p2p  (n =1))
s  \  k 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 s  \  k 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

10 18.6 15.8 14.1 13.0 12.1 11.3 10.7 10.2 9.7 9.3 10 76.6 69.4 63.8 59.3 55.4 51.9 48.9 46.2 43.7 41.4
9 16.7 14.2 12.7 11.7 10.9 10.2 9.7 9.2 8.8 8.4 9 61.2 55.3 50.8 47.1 43.9 41.2 38.7 36.5 34.5 32.7
8 14.9 12.6 11.3 10.4 9.7 9.1 8.6 8.2 7.8 7.4 8 47.4 42.8 39.3 36.3 33.8 31.6 29.7 28.0 26.4 24.9
7 13.0 11.0 9.9 9.1 8.4 7.9 7.5 7.1 6.8 6.5 7 35.4 31.9 29.2 26.9 25.0 23.4 21.9 20.5 19.3 18.2
6 11.1 9.5 8.5 7.8 7.2 6.8 6.4 6.1 5.8 5.6 6 25.2 22.6 20.6 18.9 17.5 16.3 15.2 14.2 13.3 12.5
5 9.3 7.9 7.1 6.5 6.0 5.7 5.4 5.1 4.9 4.7 5 16.7 14.8 13.5 12.3 11.3 10.5 9.7 9.0 8.4 7.9
4 7.4 6.3 5.6 5.2 4.8 4.5 4.3 4.1 3.9 3.7 4 9.9 8.7 7.8 7.1 6.5 5.9 5.4 5.0 4.6 4.2
3 5.6 4.7 4.2 3.9 3.6 3.4 3.2 3.1 2.9 2.8 3 4.8 4.1 3.6 3.2 2.9 2.6 2.3 2.1 1.8 1.6
2 3.7 3.2 2.8 2.6 2.4 2.3 2.1 2.0 1.9 1.9 2 1.5 1.2 1.0 0.8 0.6 0.5 0.4 0.2 0.1 0.1

Table IV-7. Standard Scope and Welfare Gains  Table IV-8. Standard Scope and Welfare Gains 
from Centralized Loose Coupling       from Decentralized Loose Coupling 

Optimal Scope of A Centralized Standard Interface (n *) Optimal Scope of Each Decentralized Standard Interface (n *)
s  \  k 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 s  \  k 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

10 900.0 450.0 300.0 225.0 180.0 150.0 128.6 112.5 100.0 90.0 10 83.3 58.9 48.1 41.6 37.2 34.0 31.5 29.4 27.7 26.3
9 720.0 360.0 240.0 180.0 144.0 120.0 102.9 90.0 80.0 72.0 9 71.1 50.3 41.0 35.5 31.8 29.0 26.9 25.1 23.7 22.5
8 560.0 280.0 186.7 140.0 112.0 93.3 80.0 70.0 62.2 56.0 8 59.6 42.1 34.4 29.8 26.6 24.3 22.5 21.1 19.8 18.8
7 420.0 210.0 140.0 105.0 84.0 70.0 60.0 52.5 46.7 42.0 7 48.8 34.5 28.2 24.4 21.8 19.9 18.4 17.2 16.2 15.4
6 300.0 150.0 100.0 75.0 60.0 50.0 42.9 37.5 33.3 30.0 6 38.7 27.4 22.3 19.3 17.3 15.8 14.6 13.7 12.9 12.2
5 200.0 100.0 66.7 50.0 40.0 33.3 28.6 25.0 22.2 20.0 5 29.4 20.8 17.0 14.7 13.2 12.0 11.1 10.4 9.8 9.3
4 120.0 60.0 40.0 30.0 24.0 20.0 17.1 15.0 13.3 12.0 4 21.1 14.9 12.2 10.5 9.4 8.6 7.9 7.4 7.0 6.6
3 60.0 30.0 20.0 15.0 12.0 10.0 8.6 7.5 6.7 6.0 3 13.7 9.7 7.9 6.8 6.1 5.6 5.1 4.8 4.5 4.3
2 20.0 10.0 6.7 5.0 4.0 3.3 2.8 2.4 2.1 1.8 2 7.4 5.3 4.3 3.7 3.3 3.0 2.8 2.6 2.4 2.2

Welfare Gains derived from A Standard Interface through Centralized Loose Coupling (W S ) Welfare Gains derived from A Standard Interface through Decentralized Loose Coupling (W S )
s  \  k 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 s  \  k 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

10 40153 19903 13153 9778 7753 6403 5439 4716 4153 3703 10 6800 4605 3633 3053 2658 2366 2139 1956 1804 1676
9 25667 12707 8387 6227 4931 4067 3450 2987 2627 2339 9 4613 3114 2450 2054 1784 1584 1429 1304 1200 1113
8 15503 7663 5049 3743 2959 2436 2063 1783 1565 1391 8 2981 2004 1571 1313 1137 1007 906 824 757 700
7 8701 4291 2821 2086 1645 1351 1141 984 861 763 7 1810 1210 945 786 678 598 536 486 445 409
6 4425 2175 1425 1050 825 675 568 488 425 375 6 1011 671 520 431 369 324 289 260 237 217
5 1957 957 623 457 357 290 242 207 179 157 5 502 330 253 208 177 154 136 121 109 99
4 698 338 218 158 122 98 81 68 58 50 4 208 134 102 82 69 59 51 45 40 35
3 171 81 51 36 27 21 16 13 11 9 3 63 39 29 22 18 15 12 10 9 7
2 17 7 4 2 1 1 0.1 -0.2 -0.5 -0.7 2 9.3 5.0 3.1 1.9 1.1 0.5 0.1 -0.3 -0.5 -0.8

Welfare Gains derived from Each Unit of System through Centralized Loose Coupling (W S / n ) Welfare Gains derived from Each Unit of System through Decentralized Loose Coupling(W S /n )
s  \  k 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 s  \  k 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

10 44.6 44.2 43.8 43.5 43.1 42.7 42.3 41.9 41.5 41.1 10 81.7 78.2 75.6 73.3 71.4 69.6 68.0 66.5 65.0 63.7
9 35.6 35.3 34.9 34.6 34.2 33.9 33.5 33.2 32.8 32.5 9 64.9 61.9 59.7 57.8 56.1 54.6 53.2 51.9 50.7 49.5
8 27.7 27.4 27.0 26.7 26.4 26.1 25.8 25.5 25.1 24.8 8 50.0 47.6 45.7 44.1 42.7 41.4 40.2 39.2 38.1 37.2
7 20.7 20.4 20.2 19.9 19.6 19.3 19.0 18.7 18.5 18.2 7 37.1 35.1 33.6 32.2 31.1 30.1 29.1 28.2 27.4 26.6
6 14.8 14.5 14.3 14.0 13.8 13.5 13.3 13.0 12.8 12.5 6 26.1 24.5 23.3 22.3 21.3 20.5 19.8 19.1 18.4 17.8
5 9.8 9.6 9.4 9.1 8.9 8.7 8.5 8.3 8.1 7.8 5 17.1 15.8 14.9 14.1 13.4 12.8 12.2 11.7 11.2 10.7
4 5.8 5.6 5.4 5.3 5.1 4.9 4.7 4.5 4.3 4.2 4 9.9 9.0 8.4 7.8 7.3 6.8 6.4 6.0 5.7 5.3
3 2.8 2.7 2.5 2.4 2.2 2.1 1.9 1.8 1.6 1.4 3 4.6 4.1 3.6 3.3 2.9 2.7 2.4 2.1 1.9 1.7
2 0.9 0.7 0.6 0.4 0.3 0.2 0.0 -0.1 -0.2 -0.4 2 1.3 0.9 0.7 0.5 0.3 0.2 0.0 -0.1 -0.2 -0.3

( : decentralized loose coupling outperforms :tight coupling outperforms )
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The optimal standard scopes derived from decentralized loose coupling are much smaller than 

those from centralized loose coupling. The comparison of Table IV-7 and IV-8 proves that many 

standard interfaces that interconnect the narrower-scope of heterogeneous systems generate more 

welfare gains from each system (=Ws/n) than a standard interface that interconnects the broader-

scope of heterogeneous systems. Average welfare gains from centralized loose coupling are also 

smaller than those from tight coupling. The comparison of Table IV-6 and IV-8 shows that tight 

coupling generates more average welfare gains (=Wp2p(n=1)) when s is low and that decentralized 

standard interfaces generate more average welfare gains (=Ws/n) when s is high. The difference 

between the gain from decentralized loose coupling and the gain from tight coupling is the biggest 

when the service level (s) of networked systems and coupling cost (k) are high (at s=10 and k=1, 

the gain from tight couplings is 41.4 and the gain from standard interfaces is 63.7). As progress in 

middleware technology gradually reduces the coupling costs (k), the advantage of loose coupling 

over tight coupling may rather diminish.  

3.  Policy Implications and Research Suggestions 

Policy Implications 

Once modular architecture leads to the unbundling of vertical silos into horizontal layers, 

components in each horizontal layer can be either consolidated into shared services or 

interconnected via interfaces. The earlier chapters have claimed that the well-designed 

standardization of common services and interfaces can reduce the dilemma between empowering 

the central managers to assure the cross-agency interoperability and achieve economies of scale or 

scope and empowering the local managers to ensure autonomy and flexibility in supplying 

information to suit their unique demands. The microeconomic analysis in this chapter has 

identified the appropriate division of labor among central leadership and individual agencies for 

building the cross-agency standard services.  

Since the network effects among heterogeneous specialized applications (usually in the level 1 

and 2 of the Business Reference Model) are unlikely to generate increase return to scale, it will 

not be feasible to build a universal or a government-wide comprehensive standard interface88.

88 For instance, OMB has tried to develop a comprehensive Data Reference Model in its Federal Enterprise 
Architecture efforts, but it has not yet been successful. 
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Instead, central leadership had better allow a number of domain-specific standard interfaces to 

emerge in a decentralized manner, and then coordinate them to avoid excessive overlap with each 

other. Nonetheless, central authority may be tempted to build an overarching standard middleware 

that links the large number of systems and generate larger network benefits than any other 

standard interfaces that link the smaller numbers of systems. However, this study has 

demonstrated that either decentralized standard interfaces that interconnect a modest range of 

heterogeneous systems or numerous customized bilateral interfaces can be the most cost-effective 

way to generate the maximum network values from each unit of diverse systems and hence 

maximize overall social welfare gains.  

Instead, a central leadership or government-wide coordination committee had better focus its 

standardization efforts on a set of common basic infrastructure and services (mostly the BRM 

level 3 and 4). The consolidation of common functions may also improve direct network effects 

among service-specific applications in the upper layers. Freeing resources from redundant 

investments allows more investments in unique systems, and shared underlying infrastructure 

across different agencies may ease coupling overlaid unique applications. 

When the central leadership consolidates common (substitutable) services, it need not develop 

one integrated horizontal system. Instead, it is better to allow a number of specialists to develop 

numerous horizontal layers of modular services. Effective procurement strategy (possibly 

embracing both public and private development initiatives) should encourage partnerships or 

coordination across multiple horizontal layers to assure adequate investment in basic modules and 

avoid opportunism by add-on module vendors. 

In Chapter 3, the U.K. Airwave was described as a case of a consolidated public safety 

wireless network. Given the technical complexity and substantial costs of the network, only the 

U.K. police force individually decided to buy the services from a subsidiary of British Telecom. 

The U.K. National Audit Office points out the trade-offs associated with such a decentralized 

approach. As our exploratory analysis demonstrates, a service based on emerging technology is 

more likely to benefit from private initiative, and a service based on mature technology is more 

likely to be amenable to public development. This study suggests that since the Airwave network 

has been successfully built as a de facto standard, it is better for a government-wide coordination 

committee to contract on behalf of all other agencies to take advantage of this established network 
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and hence maximize social welfare gains. 

Research Suggestions for Subsequent Chapters 

This microeconomic analysis with regards to direct network externality has been based on 

many strict assumptions. Although this study introduces the abstract concept of heterogeneity in 

service positioning, it assumes both homogeneous service value and homogeneous connections 

among heterogeneous nodes (called by Barabasi and Bonabeau (2003) ‘a random network’). The 

values of heterogeneous systems are assumed to be all equal, and their positions are evenly 

distributed on the continuous disparity dimension. The direct network value function is also 

overly simplified using only service level and distance as its determinants. In reality, investments 

in information systems are highly heterogeneous across agencies (e.g. the Department of Defense 

occupying the half of the federal IT budget), and their technical and semantic positions are 

unevenly distributed over the multiple dimensions. Many factors affect network values in more 

complex manners, and direct network effects can arise from the interactions of more than two 

systems. To extend the validity of the findings derived in this chapter beyond its strict 

assumptions, these findings will be tested against more relaxed assumptions and realistic 

interdependency patterns in chapter 5. 

To identify the optimal service level and scope of a standard service, the needs of diverse 

participants, the interdependencies among agencies, and their inter-agency operational capabilities 

should be assessed accurately. However, no rigorous analysis can eliminate the uncertainties 

associated with these key factors, and an adaptive strategy may improve the robustness of 

investment value. This study has demonstrated that modularity provides suppliers with cost 

advantage and consumers with diversity. Even more important advantage of modularity may be its 

flexibility and adaptability to respond to future uncertainties. Modular services can be developed 

sequentially over time, as well as concurrently. When opportunities arise in the future, basic 

modules become the jumping off points that adaptively extend the organizational capabilities and 

leverage the existing customer base. Real option analysis in Appendix B illustrates a dynamically-

evolving adaptive strategy under uncertainty. Likewise, modularity facilitates adaptive strategies, 

and these aspects will be further examined in chapter 6. 
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Chapter 5.  Agent-based Modeling of Evolving Network-centric Public Service

This chapter aims to provide policy-makers with a simulation-based demonstration illustrating 

how autonomous agents network complementary systems and operate them in a decentralized 

environment over time. This exercise may be viewed as a thought experiment aided by computer 

simulation to reason about somewhat realistic yet imaginary scenarios with the aim of confirming 

the theoretical findings of chapter 4 and testing the robustness of their long-term effects in more 

comprehensive and dynamic contexts.  

1. Relaxed Assumptions for Network Economics 

Overview and Relationships 

Although chapter 4 introduces the abstract concept of heterogeneity in service attribute, it 

assumes both homogeneous service value and homogeneous connections among heterogeneous 

nodes. This chapter will model full dimensions of heterogeneity, that is, heterogeneous relations 

(i.e. network benefits and coupling costs) among nodes that have heterogeneous service attributes 

and levels. By referring to the Business Reference Model, this modeling exercise defines 20 

agencies as an illustrative body of the federal government. Each of 20 agencies builds its own 

system to serve its distinct mission89.  The system of the i-th agency will be hereafter called the 

i-th system, and the mission of the j-th agency will be hereafter called the j-th mission ({i N : 

1 i 20} and {j N : 1 j 20}). As a dynamic model, time step is indexed using subscript "t".
Network benefits and coupling costs among 20 systems will be unevenly and asymmetrically 

distributed90, and described using discrete and non-parametric matrices. The 20 by 20 matrix in 

Figure V-1 describes the relative contributions of the i-th system to the j-th mission (denoted as 

wi.j), and this represents interdependent network benefits among 20 agencies.  

89 The twenty distinct missions include 16 front-end citizen service missions (Community and social services, 
Defense, Economic development, Education, Energy, Environmental management, General science, Health, 
Homeland security, Income security, International affairs, Law enforcement, Natural resources, Transportation, 
Workforce management, and Revenue collection and Finance) and four back-end management and support 
missions (HR management, Public asset management, Public records management, and Budget planning). 
90 Consequently, the network will be modeled as a kind of ‘scale-free network’ (as opposed to ‘random 
network’) that is composed of highly heterogeneous connections (Barabasi and Bonabeau 2003). 
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Figure V-1. Matrix of Interdependencies among Systems and Missions of 20 Agencies  
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HUD 20 2 1 2 1 3 2 2 1 3 2 2 2 2 2
DoD 20 1 2 1 1 3 1 5 5 1 1 1 2 2 2 2
DoC 2 20 3 3 1 2 3 4 2 2 2 2 4 2 2 2 2
Edu 2 2 20 1 1 1 1 4 2 2 2 2
DoE 1 2 1 20 3 3 2 2 1 2 1 1 2 2 2 2
EPA 2 1 3 1 2 20 1 1 2 1 3 4 3 1 2 2 2 2 2

NSF/NASA 1 4 1 2 20 1 1 2 2 2 2
HHS 2 1 2 1 3 20 3 1 1 1 1 2 2 2 2
DHS 2 5 1 1 2 20 1 4 1 3 1 2 2 2 2
SSA 1 1 1 20 1 3 3 2 2 2 2
State 4 3 2 1 1 4 1 20 2 1 1 2 2 2 2 2
DoJ 1 2 3 1 1 4 2 20 1 1 3 2 2 2 2
DoI 3 2 2 2 3 4 1 1 3 3 20 3 1 1 2 2 2 2

Trans 3 1 2 3 3 3 2 3 1 2 20 1 1 2 2 2 2
DoL 2 3 1 2 1 1 4 2 20 2 2 2 2
Treas 2 5 1 1 1 2 4 2 2 1 1 20 2 2 2 2
OPM 1 1 4 20 2 2 2
GSA 2 2 3 2 2 2 3 2 20 2 2

NARA 1 2 2 20 2
OMB 2 5 2 2 2 20

Sum 45 38 53 36 36 50 37 36 57 33 42 41 36 40 46 43 58 58 58 58
The below weighting table is computed using the above importance table.

HUD 0.44 0.00 0.04 0.03 0.00 0.04 0.00 0.03 0.05 0.06 0.00 0.05 0.03 0.08 0.04 0.00 0.03 0.03 0.03 0.03
DoD 0.00 0.53 0.02 0.06 0.03 0.02 0.08 0.03 0.09 0.00 0.12 0.02 0.03 0.00 0.02 0.00 0.03 0.03 0.03 0.03
DoC 0.04 0.00 0.38 0.00 0.08 0.06 0.03 0.06 0.05 0.00 0.10 0.05 0.06 0.05 0.04 0.09 0.03 0.03 0.03 0.03
Edu 0.04 0.00 0.04 0.56 0.00 0.02 0.03 0.00 0.02 0.03 0.00 0.00 0.00 0.00 0.09 0.00 0.03 0.03 0.03 0.03
DoE 0.02 0.05 0.02 0.00 0.56 0.06 0.08 0.06 0.04 0.00 0.02 0.00 0.06 0.03 0.02 0.00 0.03 0.03 0.03 0.03
EPA 0.04 0.03 0.06 0.03 0.06 0.40 0.03 0.03 0.04 0.00 0.02 0.07 0.11 0.08 0.02 0.05 0.03 0.03 0.03 0.03

NSF/NASA 0.00 0.03 0.00 0.11 0.03 0.04 0.54 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.03 0.03 0.03 0.03
HHS 0.04 0.00 0.02 0.06 0.00 0.02 0.08 0.56 0.05 0.03 0.02 0.02 0.00 0.00 0.02 0.00 0.03 0.03 0.03 0.03
DHS 0.04 0.13 0.02 0.00 0.03 0.04 0.00 0.00 0.35 0.00 0.02 0.10 0.03 0.08 0.00 0.02 0.03 0.03 0.03 0.03
SSA 0.02 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.02 0.61 0.00 0.02 0.00 0.00 0.07 0.07 0.03 0.03 0.03 0.03
State 0.00 0.11 0.06 0.00 0.06 0.02 0.03 0.00 0.07 0.03 0.48 0.05 0.03 0.03 0.04 0.00 0.03 0.03 0.03 0.03
DoJ 0.02 0.05 0.06 0.00 0.00 0.02 0.00 0.03 0.07 0.00 0.05 0.49 0.00 0.03 0.02 0.07 0.03 0.03 0.03 0.03
DoI 0.07 0.05 0.04 0.06 0.08 0.08 0.03 0.03 0.05 0.00 0.00 0.07 0.56 0.08 0.02 0.02 0.03 0.03 0.03 0.03

Trans 0.07 0.03 0.04 0.00 0.08 0.06 0.08 0.06 0.05 0.00 0.02 0.00 0.06 0.50 0.02 0.02 0.03 0.03 0.03 0.03
DoL 0.04 0.00 0.06 0.03 0.00 0.04 0.00 0.03 0.02 0.12 0.05 0.00 0.00 0.00 0.43 0.00 0.03 0.03 0.03 0.03
Treas 0.04 0.00 0.09 0.00 0.00 0.02 0.00 0.03 0.02 0.06 0.10 0.05 0.06 0.03 0.02 0.47 0.03 0.03 0.03 0.03
OPM 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.34 0.03 0.03 0.03
GSA 0.04 0.00 0.04 0.00 0.00 0.06 0.00 0.06 0.00 0.06 0.00 0.00 0.00 0.05 0.00 0.07 0.03 0.34 0.03 0.03

NARA 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.34 0.03
OMB 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.03 0.03 0.03 0.34

Sum 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

The Department of Interior has identified complex interdependencies among multiple agencies and 
multiple missions, as shown in the matrix of binary values in Appendix A-2b. By referring to this 
matrix, the contributions of agency’s core systems to missions are scored between 0 and 5, and the 
contributions of the core systems (diagonal cells) are scored as 20. Then, these scores are normalized 
into the relative contribution of the i-th system to the j-th mission (wi.j) so that their sum becomes 1. 
Mission capability will be defined as Uj = j x1.j

 w1.j x2.j
 w2.j x3.j

 w3.j … x20.j
w20.j  (see the next section). 
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Figure V-2. Sophistication Levels of Each Agency and Bilateral Distances 
Sophistication Levels across 10 Service Categories (Pi.q)

HUD DoD DoC Edu DoE EPA NSF HHS DHS SSA State DoJ DoI Trans DoL Treas OPM GSA NARA OMB Mean
Citizen services, Web presence 5 3 3 5 1 3 2 5 3 5 3 4 4 4 5 5 3 3 1 2 3.45
e-Business, Supply chain, Finance 4 4 5 3 3 2 3 4 3 3 3 3 3 4 4 5 1 5 4 3 3.45
MIS, ERP 3 5 3 3 1 2 2 3 5 4 4 4 4 4 2 4 5 5 4 5 3.60
International, multilingual transactions 2 5 5 2 4 4 3 3 4 1 5 4 3 2 3 5 3 3 3 4 3.40
GIS (Geographic data) 5 5 3 2 3 5 2 2 5 2 2 3 5 5 2 1 2 2 4 2 3.10
Mobile and Reach, SensorNet 5 5 3 2 3 5 4 4 5 2 3 4 5 4 2 4 2 4 2 1 3.45
Content analysis, Knowledge mining 3 3 4 4 1 3 3 3 3 4 5 5 2 2 4 3 4 4 5 4 3.45
Scientific and mathematical analysis 3 5 3 3 5 5 5 5 5 1 2 3 4 3 1 5 1 3 3 4 3.45
Multimedia data mining 4 5 2 3 3 5 4 5 5 2 2 4 5 4 1 1 2 4 5 3 3.45
Security and privacy protection 2 5 4 3 4 2 2 5 5 4 4 5 1 2 3 5 4 4 5 4 3.65

Total 36 45 35 30 28 36 30 39 43 28 33 39 36 34 27 38 27 37 36 32 34.5

Distance between the pairs of 20 agencies (without including technological distance)
HUD DoD DoC Edu DoE EPA NSF HHS DHS SSA State DoJ DoI Trans DoL Treas OPM GSA NARA OMB Total

HUD 12 8 3 7 6 4 8 11 5 9 9 5 2 4 11 7 8 9 9 137
DoD 3 3 4 1 1 1 3 1 4 3 4 2 2 4 4 2 3 3 2 50
DoC 9 13 4 4 10 6 10 13 4 3 8 11 8 3 8 3 6 8 5 136
Edu 9 19 9 8 13 7 11 17 3 8 11 12 9 3 13 5 10 11 7 185
DoE 15 18 11 10 12 7 14 16 11 11 14 14 13 10 15 10 14 13 9 237
EPA 6 10 9 7 4 2 9 8 9 9 10 5 6 7 12 7 10 10 8 148

NSF/NASA 10 16 11 7 5 8 10 14 9 10 12 10 9 7 13 8 10 12 8 189
HHS 5 9 6 2 3 6 1 8 3 6 6 6 5 2 5 4 5 6 5 93
DHS 4 3 5 4 1 1 1 4 4 4 4 2 3 5 6 2 4 4 2 63
SSA 13 21 11 5 11 17 11 14 19 8 13 15 12 4 14 4 12 13 9 226
State 12 15 5 5 6 12 7 12 14 3 8 12 10 4 10 2 8 9 5 159
DoJ 6 10 4 2 3 7 3 6 8 2 2 6 4 3 7 2 4 4 3 86
DoI 5 11 10 6 6 5 4 9 9 7 9 9 3 7 12 7 9 9 8 145

Trans 4 13 9 5 7 8 5 10 12 6 9 9 5 6 12 7 8 9 9 153
DoL 13 22 11 6 11 16 10 14 21 5 10 15 16 13 14 6 13 14 11 241
Treas 9 11 5 5 5 10 5 6 11 4 5 8 10 8 3 5 7 10 6 133
OPM 16 20 11 8 11 16 11 16 18 5 8 14 16 14 6 16 11 13 8 238
GSA 7 11 4 3 5 9 3 7 10 3 4 6 8 5 3 8 1 6 3 106

NARA 9 12 7 5 5 10 6 9 11 5 6 7 9 7 5 12 4 7 5 141
OMB 13 15 8 5 5 12 6 12 13 5 6 10 12 11 6 12 3 8 9 171
Total 168 261 147 96 108 179 100 184 234 97 130 177 176 144 92 204 89 157 172 122

Coupling cost is assumed to be proportional to disparity between systems. Instead of a single 
abstract categorical disparity (like chapter 4), this exercise identifies somewhat realistic 10 service 
categories and computes distances across them. The needed sophistication level of the q-th
category ({q N: 1 q 10}) for the i-th system (denoted as Pi.q) is assessed as shown in the upper 
portion of Figure V-2.  By comparing one by one, the service distances between the i-th and the 
j-th agencies are calculated across 10 categories and summed up (the lower portion of Figure V-2). 
Another (eleventh) category (Pi.11) is general technology level. While other service distances are 
assumed to be constant, technological distance continues to change over time as the technology 
level of each agency (denoted as Techi.t)91 evolves differently.  In sum, the distance between the 
i-th and the j-th agencies is defined as dij = q=1

11(Max(Pi.q – Pj.q , 0)).  

91 The technology equation (Techi.t) will be defined in the second section of this chapter. 
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Network Values: Production Function of Mission Capabilities

We now introduce the concept of a core system which is defined as the unique system of an 

agency to serve its own principal mission. The service level of the core system will be called ‘core 

(system) capacity’, and the core system capacity of the i-th agency will be denoted as xi. A core 

system can also generate network values to other agencies serving different missions92. However, 

heterogeneous core systems are incompatible with each other, so middleware or interfaces are 

needed to make a core system interoperable with another core system. ‘Interoperable capacity’ of 

the i-th system for the j-th mission (denoted as xi,j i j) is defined as a portion of the core system 

capacity of the i-th agency that is interoperable with the core system of the j-th agency (i j) and 

hence contributable to the j-th mission (see Figure V-6).  

While system capacity is the interim output of IT investment, this exercise calls the ultimate 

outcome of IT investment ‘mission capability’ (refer to Figure III-1). Mission capability is not 

simply equal to core system capacity. As shown in Figure III-1, not only core system but also 

complementary systems of other agencies contribute to mission capability. This modeling exercise 

allows multiple (more than two) systems to interact and jointly produce a mission capability. 

When systems are capable of operating with each other on the network, a mission capability is 

produced in a multiplicative manner rather than as an added sum of the parts93 (DoD 2001; 

Baldwin and Clark 2000).  
The mission capability (Uj) in this exercise is produced from a core system and nineteen 

interoperable systems that are operated through inter-agency interactions. A functional form for 

mission capability production is given by a multiplicative (as opposed to additive) function to 

model the interdependent effects among heterogeneous systems. The relative contributions of the 

i-th system to the j-th mission (denoted as wi.j) are assumed to be exogenously given (described by 

the non-parametric system–mission mapping matrix in Figure V-1). This production function is 

92 For instance, the Environmental Protection Agency (EPA) may utilize the land and resource information 
system of the Department of Interior or the energy information system of the Department of Energy. At the same 
time, the environmental information system of the EPA may be used by agencies in charge of urban planning. 
93 If the values of networked systems are independent, we can use an additive value function like: 1/3 A + 2/3 B 
where the value of A increases independently from the value of B. On the other hand, if the values of networked 
systems are complementary, we need to use a multiplicative value function like: A1/3 B2/3 where the marginal 
benefits of A diminish to scale if B is constant. For instance, if networked PC users and printers jointly produce 
outcomes, the benefit of printers is diminishing to its number when the number of PC users remains constant. 
The balanced portfolio of PC users and printers can maximize the outcomes.  
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assumed to exhibit constant returns to scale (i.e. i=1
20 wij = 1). The mission capability equation 

for the j-th mission, denoted as Uj, is given by: 

Uj = j x1.j
 w1.j x2.j

 w2.j x3.j
 w3.j … x20.j

w20.j 94

Since the effective inter-agency collaborative operation of interoperable systems is critical in 

achieving mission capability, ‘productivity’, denoted as j, is defined as one of mission capability 

determinants. Fountain (2002) claims that objective technology and enacted technology need to be 

distinguished since many intergovernmental information systems have not been productively 

utilized by government workers. This exercise introduces the concept of an ‘enacted (or activated) 

interoperable capacity’ (denoted as exi,j) that is defined using a utilization rate variable. The 

enacted interoperability capacity fills the gap between the current technically interoperable 

capacity (xij.t) and the previous enacted interoperable capacity (exij.(t-1)) by adding the utilization 

rate (denoted as ij ; 0 ij 1) times the gap at each time step. 

exij.t = ij.t (xij.t - exij.(t-1)) + exij.(t-1) = ij.t  xij.t + (1- ij.t) exij.(t-1)

The utilization rate variable will be defined using social network parameters in the next 

section. Productivity of a given agency will be higher when the agency is more innovative 

(measured by technology level) and more actively utilizing interoperable capacities. Hence, this 

exercise defines productivity as a function of technology levels and enacted interoperable 

capacities. The productivity equation for the j-th mission is given by (0 Aj 1):

j  = w1.j (ex1.j / x1.j ) + w2.j (ex2.j / x2.j ) + … + wj.j (Techj / Techmax) + … + w20.j (ex20.j / x20.j )

Cost Functions for Investment Alternatives 

A total federal IT budget (denoted as Mt) is divided into budgets for the core systems of all i

agencies (Mi.i.t), budgets for interoperable capacities (Mi.j.t i j), budgets for all j mission standards 

(Mall.j.t) and budgets for the government-wide standard (Mall.all.t). A cost function converts budgets 

(money) into system capacities. This exercise assumes that system capacities incrementally 

expand as sequential modules over time (i.e.  xi.j.t = C (Mi.j.t) + xi.j.t-1).

94 This functional form is similar to the Cobb-Douglas functional form of production functions in economics. 
The Cobb-Douglas function is widely used to represent the relationship of an output to interdependent inputs.  
Aj represents the total factor productivity, that is, the joint productivity of the twenty interdependent systems.  
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Like chapter 4, this exercise assumes again that the cost of new system development is a 

convex function of system capacity. Instead of placing a constant in the coefficient, this exercise 

places an inverse of evolving technology level (which will be defined in the next section).  
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Instead of redundantly building new system capacities, core systems of other agencies can be 

reused via bilateral point-to-point interfaces. The system capacity interoperable for the j-th

mission (xi.j) cannot exceed the original core system capacity of the i-th agency (xi). Unlike 

developing a new system, developing an interface to couple and reuse an existing system (that is 

already invented and developed) is assumed to be scale-independent. Hence, the coupling cost is 

defined as a linear (as opposed to convex) function of interoperable capacity and distance.  
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In order to fully couple and reuse 20 systems with bilateral point-to-point interfaces, 380 

(=20*19) interfaces are needed. Alternatively, standard systems may be built. As chapter 4 

suggests, standards assuring interoperability among heterogeneous agency-specific systems had 

better be developed for mission-wide standards in decentralized manners, and horizontally 

common services can be shared as government-wide standard. The cost of developing a standard 

system is assumed to be proportional to the needed scope to cover the given heterogeneity. The 

needed standard scope for a mission-centric interoperability, Sj, is defined as the sum of the 

distances between the j-th agency and all other agencies. The needed standard scope for a 

government-wide common standard, Sall, is the sum of distances between the maximum (Pmax.q)

and the minimum (Pmin.q) across 11 service categories. Due to these needed scopes, the costs of 

developing standard (interoperable) systems are steeper convex functions.  
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95 represents the rate of cost saving due to standardization (0< <1). In this simulation,  is set to be 0.3. 
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While building a standard system is at least Si or Sall times as costly as building non-

standardized incompatible systems, doing so saves additional investments in numerous point-to-

point interfaces since it is designed to be interoperable with all other systems. 

In sum, core system capacity and interoperable capacity build up over time as follows: 

1.....min........ /*/** tiialltallalltitialltitiititii xSMTechSMTechMTechx

1.....min.......... /*/*)/*( tjialltallalltitjalltjtjitjititji xSMTechSMTechdMTechx

2.  Agent-based Modeling of Network Dynamics and Policy Levers 

Network-centric public services are realized through investment in and operation of cross-

agency interoperable capacities. While a system investment strategy needs an economic analysis, 

promoting inter-agency collaborative operation of networked systems needs analysis of the 

uncontrolled dynamics that independent actors in a network may interactively create. This 

exercise will apply social network analysis methodology to model inter-agency collaborative 

system operation as a function of social network parameters. Using an agent-based modeling 

framework that combines network economics and social network analysis, this exercise will 

simulate not only the effects of inter-agency system investment policy levers but also the effects 

of inter-agency system operation policy levers to better understand the co-evolution between 

technology and organization.  

Social Network Drivers 

The organizational mechanism of intergovernmental operations is very complex. Adopting the 

multi-theoretical, multi-level social network modeling approach (Monge and Contractor 2003) 

introduced in chapter III-4, this exercise assumes that six social network drivers (similarity, 

reciprocity, centrality, mission priority, interdependent contribution of systems to missions, and 

transitivity) among autonomous federal agencies jointly determine inter-agency system operation 

capabilities. In the case of the first characteristic, social networks can be biased toward 

similarity96 (e.g. technical and semantic similarity) since similarity may ease communication and 
                                                
96 Similarity (or disparity) between agencies affects not only the cost of coupling systems but also the utilization 
effectiveness. For instance, it costs more to link semantically different data, and organizations tend to be less 
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increase the predictability of behavior. In the case of the second, in non-hierarchical relationships, 

reciprocity often plays an important role in building trust and social relationships. In the case of 

the third, centrality in relations is important. Barabasi and Bonabeau (2003) assert that preferential 

attachment (or the “rich get richer” process) explains the growth of hubs. That is, new nodes tend 

to connect to popular nodes, so the hubs acquire even more links over time than the less connected 

nodes. In the case of the fourth, agencies may tend to build more social links with other agencies 

in charge of more socially demanded missions. In the case of the fifth, to improve its mission 

capability, an agency may build more social links with other agencies that operate highly 

complementary systems. Finally, an agency may develop relationships with another agency 

through other (intermediary) agencies that have close ties with that agency. This indirect 

relationship is called ‘transitivity’, and this may help extend social networks with other agencies.  

This exercise defines the utilization rate (denoted as ij) of the interoperable capacity xi,j as a 

function of these six social network drivers between the i-th agency and the j-th agency97:

ij  = ( 1.ij
1

2.ij
2

3.ij
3

4.ij
4

5.ij
5

6.ij
6 ) (0 ij 1)  

( : scale factor; k: weight of the k-th factor) 

These six factors are powered by weights (denoted as 1~ 6) and multiplied together to 

construct the inter-agency system utilization rate function. Inter-agency system operation policy 

is assumed to affect these weights to six factors. The multiplied value of the six factors is 

between 0 and 1, so when the scale factor (denoted as ) in the exponent is less than one, the 

utilization ratio becomes magnified. The scale factor will be used as one of key parameters for 

scenario generation in exploratory modeling.

Technology Innovations and Diffusions 
Similar to the Bass innovation diffusion model98, the technology equation of this exercise 

consists of an innovative adoption equation and an imitative adoption equation. However, unlike 

the Bass model, each agent is assigned the heterogeneous probability of innovative and imitative 

adoption of technologies (in a continuous scale). Technology level for the i-th agency (Techi.t) is 

                                                                                                                                                        
willing to use other organizations’ data without a common understanding of the generation and usage of the data. 
97 These six social network drivers and their parameters are summarized in the left column of Table V-2. 
98 Refer to Appendix C-1 about the comparison between the Bass innovation diffusion model and this model. 
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defined as:  

Techi.t = TechInovi.t-1 * Techgri + j=1
20((exji / exji) * ij * Max(Techj(t-1) – TechInovi.t , 0))

The innovative technology adoption (denoted as TechInovi.t) assumes that agencies build up 

technology level with disparate technology growth rates (denoted as Techgri ; 1.05 Techgri

1.105)99. While agencies with higher technology growth rates build up their technology levels on 

their own, other agencies catch up with them through imitation. Social network plays an important 

role in technology diffusion, so the technology imitation equation includes the utilization rate ij.

The technology imitation function is the weighted average of the technology gaps multiplied by 

the utilization rates (weighted by exji / exji). While different innovation capacities widen 

technological distance over time, technology imitations reduce technological distance. 

Three (Portfolio, Standard, and Operation) Policy Levers for Autonomous Agencies

Unlike chapter 4 that examines investments in standard services separately from other related 

decisions, this chapter will examine the effects of investments in standard services jointly with 

overall IT portfolio and intergovernmental operation policies. This exercise defines five 

alternatives derived from joint implementation of three policy levers100. This exercise will 

simulate them in dynamic and comprehensive contexts over a long-term horizon (as opposed to 

searching for optimal solutions in strictly controlled contexts). All the five policy alternatives are 

implemented using the same amount of federal IT budget (Mt), and the federal budget is allocated 

to the j-th mission according to mission weights (i.e. Mj.t = wj.t Mt)101.

Individual agencies allocate a given budget to the development of not only their own systems 

but also interfaces and middleware that couple complementary systems of other agencies. 

However, due to the limited awareness of complementary systems of other agencies and the 

difficulty of improving interoperability with highly disparate systems, agencies often do not 

                                                
99 The initial technology level and the expected growth rate of each agency is derived from the sum of service 
sophistications (see Figure V-2). 
100 Key decision variables for three policy levers are: 1) Mi.j.t, 2) Mall.j.t, Mall.t and 3) 1~ 6 in ij.
101 The initial value of the total IT budget (M0) and mission weights (wj) are derived from the actual IT budget 
of the United States in FY2003 (see Appendix C-1). As the Department of Defense accounts for nearly the half 
of the federal IT budget, the mission weights across agencies are quite heterogeneous. This simulation assumes 7 
percent annual growth of the federal IT budget (Mt).



94

sufficiently invest in inter-agency interoperability. Even after systems of other agencies become 

technically and semantically interoperable, the limited awareness of business processes of other 

agencies may still constrain the capability to operate the interoperable capacities. The baseline 

policy of this modeling exercise (Alt0) is assumed to bias IT portfolio and inter-agency 

relationships toward similarity, and is defined as ‘agency-centric tight-coupling and agency-

centric operation of interoperable systems’. This simulation exercise tests one agency-centric 

baseline policy and four alternative policies that construct the mission-centric IT portfolios 

aligned with the interdependencies among systems. The agency-centric baseline policy (Alt0) 

allocates the budgets proportionally to each system’s contribution weights and the inverse of 

distance (Mi.j.t  wi.j.t / dijt), and the four mission-centric system integration policies (Alt1-4) 

allocate the budgets proportionally to the system’s contribution weights (Mi.j.t = wi.j.t Mj.t)102 103.

Standardization improves interoperability among a broad range of heterogeneous systems, and 

organizational incentives affect inter-agency operation. While investment managers and system 

engineers are mainly in charge of standardization, field workers are actually operating networked 

systems. Since standardization and system utilization are implemented by different players, this 

exercise will simulate four alternative policies (Alt1-4 as shown in Table V-2) as the 

combinations of these two aspects. 

1) Standardization policies: whether to invest in standard systems (either mission-specific 

interoperability standards or government-wide common shared services104) or not 

2) Inter-agency system operation policies: whether to promote agency-centric or mission-

centric operation of interoperable systems  

These four alternatives will be overlaid on top of mission-centric system portfolio policy. 

                                                
102 Refer to Appendix C-1 for a discussion of how this allocation heuristics are derived.
103 If the budget for a point-to-point interface is allocated more than needed to exploit the full capacity of the 
original system, the agency is assumed to either expend the surplus budget within its organizational boundary 
through building its own non-core system redundantly (the agency-centric system operation policies: Alt0,1&2) 
or transfer the surplus budgets to the agency in charge of the original system to consolidate the system 
development (the mission-centric system operation policies: Alt3&4). 
104 The examples of government-wide standard services may include the e-Authentication initiative (see 
Appendix A-1), next-generation Internet protocol, standard security services, and standards for web-services. 
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Table V-1. Characteristics of Four Alternative Mission-centric System Portfolio Policies  
              Operation 

Integration 

Within Boundary (reinforcing 

fragmentation) 

Across Boundary (promoting cross-

agency collaboration) 

No Standardization 

(tight coupling)

Alternative 1 (tight coupling,  

agency-centric operation): 

 No standard system  

 Inflexible budget reallocation 

 Homophily, Reciprocity, Inequality in 

relations 

Alternative 3 (tight coupling, 

mission-centric operation): 

 No standard system 

 Flexible budget reallocation 

 Promoting social network and 

demand-driven system operation  

Modest Standardization 

(hybrid loose coupling:

reallocates modest portion 

of budgets to the 

development of standard 

systems) 

Alternative 2 (hybrid loose coupling, 

agency-centric operation): 

 Mission-wide standard systems 

 Inflexible budget reallocation 

 Homophily, Reciprocity, Inequality in 

relations 

Alternative 4 (hybrid loose coupling, 

mission-centric operation): 

 Government-wide standard systems 

 Flexible budget reallocation 

 Promoting social network and 

demand-driven system operation 

The standardization policy of this exercise will make hybrid couplings instead of pure loose 

coupling. Only a small portion (five percent105) of IT budgets will be allocated to the development 

of standard systems while the majority of budgets continue to be allocated to the development of 

incompatible core systems and bilateral interfaces. Implementing government-wide standard 

services requires a high level of cross-agency coordination. While alternative 2 (agency-centric 

operation) builds only decentralized mission-wide interoperable systems, alternative 4 (mission-

centric operation) is assumed to build government-wide horizontally shared systems as well as 

decentralized mission-wide interoperable systems. Alternative 2 assigns five percent of the IT 

budget of each agency to the development of mission-wide compatible standard systems (Mall.j.t

=.05 Mj.t). Alternative 4 assigns two percent of the federal IT budget to the development of 

government-wide horizontally shared services (Mall.t=.02 Mt) in a centralized manner and three 

percent of the agencies’ budgets to the development of mission-wide compatible standard systems 

                                                
105 5 percent is not derived from optimization. In this simulation with baseline parameters, more investment in 
standard systems increases the joint mission capability, but only marginally. Currently less than one percent of 
the IT budget is allocated for investment in cross-agency standard services. Modest investment is a more realistic 
target and still achieves substantial improvements.   
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(Mall.j.t=.03 Mj.t) in a decentralized manner.  
This exercise assumes that inter-agency operational incentives can affect the weights assigned 

to the six social network drivers in the system utilization equation. This modeling exercise 

simulates two inter-agency operational mechanisms (using two sets of weights) – one will be 

called agency-centric system operation policy and the other will be called mission-centric 

system operation policy (as shown in Table V-2). Out of six factors, similarity and reciprocity 

are assumed to be the dominant drivers of the agency-centric system operation policy, and 

interdependent contributions of systems for missions and transitive relations106 are assumed to be 

the dominant drivers of the mission-centric system operation policy.

Table V-2. Social Network Drivers and their Contribution Weights to Utilization Rates 

1~ 6  in ij

Social Network Drivers Agency-centric 
system operation

(Alt0,1&2)

Mission-centric
system operation 

(Alt3&4)
Relative Distance between the i-th and j-th agency (=dmin/dij) 0.3 0.1

Relative Reciprocity in relations with j-th agency (=exji/exmax) 0.2 0.1

Relative Degree Centrality107 of j-th agency (=centj/centmax) 0.2 0.2 

Relative Priority of the j-th mission (=wj/wmax) 0.1 0.1 

Relative Contribution of the i-th system xij  (=wij/wmax) 0.1 0.3

Relative Transitivity in relations (i-k-j)108 0.1 0.2

3.  Results of Agent-based Modeling of Network Dynamics  

Modeling Framework

Instead of adopting a cost-benefit analysis framework (that searches for the maximum 

                                                
106 While reciprocity results in clusters of connections, transitivity results in broadly encompassing connections. 
107 Degree centrality measures an individual’s centrality in terms of the number of incoming and/or outgoing 
connections with others. Refer to Appendix C-1 about other centrality measures.
108 The transitive relations of the i-th agency with j-th agency via all other (intermediary k-th) nodes are 
computed as trij = .05 k=1

20 (exik + exkj)/2. They are averaged across k (weighted by the value of links with 
intermediary node k). Relative transitive relations are computed as (trij / exij).
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monetary net present value with no budget constraint), this exercise adopts a cost-effectiveness 

analysis framework (that searches for the maximum effectiveness subject to a given budget). This 

exercise adopts joint mission capability at the final period as the key measure of effectiveness. 

Although underlying systems interdependently contribute to various missions (as shown in Figure 

V-1), each mission (Uj) is defined as an independent building-block. Hence, the joint value of 

mission capabilities is defined as the weighted average: jwjUj. The mission weights (i.e. relative 

importance; denoted as wj) are assumed to be exogenous109 and normalized ( jwj = 1).  

This study hypothesizes the causal effect linkages among the key measures of ultimate 

outcomes, intermediate outputs and indirect drivers as shown in Table V-3. The capacities and the 

productivities of interoperable systems are two direct determinants of mission capabilities. 

Technology levels, standard capacities and system utilization rates affect these capacities and 

productivities, and hence indirectly shape mission capabilities. The investment portfolios are 

direct policy levers, and standardization and organizational incentives are indirect policy levers. 

This exercise will evaluate five alternatives (derived from three policy levers) using the XLRM 

framework in Table V-3. Figure V-3 summarizes the complex relationships in this model.

Table V-3. Strategic Hypotheses of Key Measures, Policy Levers and Underlying Uncertainty 
 Ultimate Outcomes Intermediate Outputs Indirect Drivers 

Measures 
(M)

Joint 

Mission capabilities 

Interoperable capacities 

(information capital) 

Productivities  

(social capital) 

  Standard capacities 

Technology levels 

  System utilization rates 

Exogenous
Uncertainty (X) 

Citizens’ priorities of 

mission capabilities 

Interdependencies among 

systems for missions,  

Heterogeneity distance 

Technology advance, 

Social network density 

Relationships
(R)

Production function, 

Cost function 

Technology diffusion, 

System utilization function 

Policy Levers 
(L)

Budget allocation,  

IT investment portfolio  

Standardization, 

Organizational incentives 

                                                
109 The initial mission weights (at t = 0) are assumed to be proportional to the actual federal IT budget allocation 
in FY 2003 (see Appendix C-4).  
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  Figure V-3. The Web of Complex Interactions 

Mission priority 
(X)

Technology 
advance (X)

System portfolio 
policies (L)

Disparities 
among 

systems (X)

Inter-agency 
operation (R) 

Technology 
diffusion (R)

IT capacities 
(M)

Productivity 
(M)

Outcomes (M) 
(Capabilities)

System operation 
policies (L)

Standardization 
policies (L)

Interdependencies 
among systems for 

missions (X)

Simulation Implementations 

This exercise implements an agent-based computational simulation using ‘Blanche’ software 

(version 4.6.5)110. Blanche is a program designed to evaluate a hypothesis of how a particular 

network functions by simulating computational models of evolutionary network dynamics and 

examining the results. The objects that make up a model are nodes, attributes, and relations. A 

node is representative of an ‘actor’ in a network. Nodes are defined by any number of attributes 

assigned to them, and interactions between nodes are governed via relations. An attribute is a 

numerical value that defines a property of a node. A relation is a set of numerical values that 

define interactions among N nodes using an N by N matrix. Each attribute or relation has an 

equation that describes how its value changes over time. This exercise defines individual agencies 

as computational objects and simulates their interrelationships as a nonlinear dynamic function. 

Although agents are constrained by the initial conditions set by a modeler, the dynamics of 

ensuing economic and social process are governed by the adaptive interactions of autonomous 

agents, not by exogenously imposed systems of equations.  

                                                
110 Blanche is developed under the direction of Dr. Contractor at the University of Illinois at Urbana-Champaign.  
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Our simulation exercise runs for 20 time steps, and each time step represents one year. The 

baseline parameters used in this simulation are: the scale factor ( ) in the utilization rate equation 

= 1, the average technology growth rate = 7.5%, and the increasing weights to complementary 

systems (wi,j i j) 111.

Results of Simulation  

Figure V-4 shows the evolution of the average system capacities, productivities, and mission 

capabilities generated from this simulation. The mission-centric portfolio with standard systems 

(Alt2) builds much larger interoperable capacities than tight coupling policies (Alt0,1&3), and the 

mission-centric portfolio with government-wide standards (Alt4) achieves by far the largest 

interoperable capacities. If the expansion of interoperable capacities is more rapid than the 

development of inter-agency operational capabilities, productivity may decrease. Figure V-2 

confirms that the productivities rapidly drop with the upsurge of interoperable capacities 

generated from standardization (Alt2&4) in the early periods, but productivity soon rebounds with 

the mission-centric operation policy (Alt4). The productivity decrease with the baseline policy 

(Alt0) is initially moderate, but becomes accelerated later. The productivity decrease is small with 

the targeted tight coupling and mission-centric operation policy (Alt3).  

In regards to the mission capabilities, a remarkable enhancement comes from the mission-

centric portfolio policy (Alt1) beyond the baseline level through its better alignment with the 

optimally diversified system portfolio (Alt0). Once the mission-centric portfolio policy is 

implemented, either standardization (Alt2) or mission-centric operation (Alt3) increases the 

mission capability further. However, if only one of these two is made, the incremental gain 

beyond the level of the mission-centric tight coupling policy (Alt1) is just modest. When both 

investment in standard services and mission-centric operation are simultaneously implemented 

(Alt4), their joint effects are substantially improved through positive feedback loops between 

interoperable capacities and productivities over time. Nonetheless, the gains of mission 

capabilities are not as dramatic as the gains of system capacities due to the untargeted expansion 

of interoperable capacities by standardization and the lagging productivity. 

                                                
111 The weights to the complementary systems grows by 1 percent per time steps (wi,j.t = 1.01 wi,j.t-1 ; i j ), and 
then all the weights are normalized. Consequently, the average weight to own core systems (wi.i.t) gradually 
diminishes from 0.484 at time=1 to 0.435 at t=20.
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Figure V-4. Evolution of System Capacity, Productivity, and Mission Capability  
(Under the assumption of medium utilization rate and technology growth, and increasing weights to 

complementary systems) 

The Mean of Total System Capacities (Sum of Core and Interoperable Capacities)

The Mean of Productivities 

The Mean of Mission Capabilities 
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Figure V-5. Interoperable System Network and Activated System Network 
(Alternative 4 at time=20; See the Figure V-6; presented using the UCINET software)  

For system network, the node sizes represent the core system capacities, and the thicknesses of arcs 
represent the interoperable capacities. Likewise, the nodes of the activated network represent the degree 
centrality (the sum of all the links) of each agency and the arcs represent the activated interoperable 
capacities. Both networks from this modeling turn out to be closer to a scale-free network than a random 
network. 

Interoperable
System Network

Activated  
System Network



102

Figure V-6. Matrix for Interoperable System Capacities and Activated System Capacities 

(Simulation Results for Alternative 4 with the Baseline Parameters; See Figure V-5) 

Potentially Interoperable Capacity(white matrix) and Core System Capacity(yellow diagonal) for Alternative 4 (Xij)
HUD DoD DoC Edu DoE EPA NSF HHS DHS SSA State DoJ DoI Trans DoL Treas OPM GSA NARA OMB

HUD 42.2 25.9 17.0 16.6 14.9 14.6 17.5 22.7 20.8 18.5 14.5 19.7 20.7 42.2 16.5 16.1 13.3 14.6 12.9 13.1
DoD 13.4 381.2 18.2 19.4 34.3 14.9 197.9 46.7 217.7 14.1 41.0 23.6 38.0 16.7 14.8 16.4 13.0 16.6 12.7 12.9
DoC 14.3 26.1 53.7 14.2 26.4 14.5 21.8 26.9 20.3 14.4 25.6 20.0 20.8 23.8 17.3 31.9 13.7 14.8 12.9 13.3
Edu 14.1 25.3 16.2 46.1 14.8 13.7 20.2 17.3 17.0 17.3 14.5 15.6 15.7 16.0 20.5 16.0 13.4 14.3 12.8 13.1
DoE 13.6 47.7 15.2 14.0 63.1 14.2 28.6 23.4 18.2 14.2 15.1 15.5 19.2 17.7 14.2 16.0 13.2 14.2 12.8 13.1
EPA 14.8 41.8 18.1 15.1 22.9 41.8 34.0 22.9 20.4 14.2 15.5 22.1 41.8 33.2 14.5 22.1 13.3 14.5 12.8 13.2
NSF 13.5 39.4 14.5 19.0 17.7 14.4 106.6 22.4 16.2 14.2 14.5 15.6 15.8 16.1 14.5 16.1 13.3 14.5 12.8 13.2
HHS 15.2 27.4 16.2 23.2 15.2 14.1 141.8 141.8 24.0 18.0 16.2 19.6 16.1 16.5 16.5 16.6 13.5 15.4 12.8 13.3
DHS 16.1 182.6 17.1 14.2 35.2 23.7 23.0 19.5 182.6 14.5 17.8 50.4 37.2 61.9 13.8 23.8 14.5 16.4 13.1 14.0
SSA 13.6 25.2 14.5 15.1 14.7 13.5 16.8 17.1 16.8 51.0 14.5 16.5 15.6 15.9 17.2 21.1 13.5 14.1 12.8 13.1
State 13.5 78.8 21.0 14.2 20.1 13.8 21.9 17.4 21.9 17.8 78.8 20.6 18.1 18.9 16.6 16.2 14.1 14.7 12.9 13.3
DoJ 14.1 77.4 23.6 14.5 15.3 14.1 18.4 28.6 27.3 14.8 26.6 89.7 16.2 24.8 15.7 34.5 14.5 16.0 13.0 13.5
DoI 16.0 65.7 16.6 16.8 23.1 16.8 26.3 23.0 22.2 14.3 14.5 23.0 98.5 51.1 14.5 18.8 13.3 14.6 12.9 13.3

Trans 16.3 39.8 16.7 14.1 21.3 14.7 35.8 26.8 20.5 14.3 15.4 15.6 25.9 95.0 14.6 18.4 13.3 14.5 12.9 13.1
DoL 13.9 24.9 16.4 14.9 14.7 13.8 16.9 19.5 16.8 21.6 15.7 15.5 15.6 15.9 38.1 16.0 13.3 14.1 12.8 13.2
Treas 14.3 26.7 25.9 14.1 15.0 13.8 17.5 25.9 17.7 20.0 23.6 21.0 22.5 19.9 15.5 105.5 13.4 14.9 12.8 13.3
OPM 13.5 21.9 14.5 14.8 14.7 13.5 16.9 17.1 16.8 14.3 14.5 15.5 15.6 15.9 17.0 16.0 28.7 14.2 12.8 13.1
GSA 14.6 26.3 19.9 14.3 15.0 14.9 18.2 33.0 16.2 22.0 14.7 15.8 16.0 29.7 14.0 30.4 15.1 36.2 12.9 13.7

NARA 13.5 23.1 14.6 15.5 15.0 13.5 17.3 17.4 16.1 14.4 14.6 15.7 15.8 16.2 13.9 16.0 13.6 14.7 24.3 13.3
OMB 13.5 23.8 16.6 14.2 15.0 13.5 17.1 17.2 16.1 14.3 14.5 15.6 15.7 16.0 13.8 24.7 13.8 14.4 12.8 24.7

Activated Interoperable Capacity(white matrix) and Degree Centrality(yellow diagonal) for Alternative 4 (Exij)
HUD DoD DoC Edu DoE EPA NSF HHS DHS SSA State DoJ DoI Trans DoL Treas OPM GSA NARA OMB

HUD 463 19.0 13.5 12.3 9.5 11.4 12.2 17.5 17.8 14.2 9.0 15.7 15.9 35.6 12.9 10.6 9.9 11.4 9.2 9.6
DoD 9.0 1340 14.4 15.4 26.4 12.1 156.8 35.5 189.5 9.5 35.0 19.1 29.8 12.5 11.5 11.8 10.6 13.6 10.0 10.5
DoC 11.1 19.5 550 9.0 21.0 11.7 17.1 21.5 17.3 9.1 21.3 16.2 16.6 19.1 13.7 26.4 10.5 11.7 9.3 10.1
Edu 10.8 18.7 12.8 431 9.3 9.8 16.0 11.7 13.3 12.7 9.0 9.9 10.2 10.6 16.5 10.3 10.1 10.9 9.1 9.7
DoE 9.6 40.7 11.6 8.4 521 11.5 23.9 18.7 15.3 8.5 11.3 9.9 15.4 13.8 10.3 10.3 9.7 10.8 9.1 9.7
EPA 11.6 34.2 14.8 11.1 17.9 528 26.7 17.6 17.2 8.7 11.7 18.0 34.3 26.9 10.7 17.5 9.9 11.4 9.3 9.8
NSF 8.0 33.8 9.4 15.3 13.6 11.5 781 18.2 11.2 8.7 9.3 10.1 10.7 11.2 10.6 10.6 9.9 11.3 9.2 9.7
HHS 12.0 21.1 12.7 17.8 10.4 10.7 115.9 686 20.6 13.4 12.3 15.3 11.1 11.6 12.6 11.6 10.4 12.5 9.6 10.1
DHS 12.9 170.0 13.4 9.3 26.2 18.9 16.5 14.0 966 9.5 13.8 41.2 28.2 49.3 9.0 18.3 11.5 13.1 10.0 11.0
SSA 9.7 18.3 9.0 11.0 9.1 7.8 11.3 11.4 13.2 424 9.1 12.4 9.9 10.4 13.9 17.3 10.1 10.9 9.0 9.5
State 8.0 69.6 17.3 8.8 15.7 10.1 17.1 11.8 19.0 13.0 553 16.7 13.7 14.6 13.0 11.0 10.8 11.5 9.3 10.0
DoJ 10.5 64.7 19.3 9.4 10.2 10.6 13.1 21.9 24.1 9.7 21.0 609 11.2 18.9 11.7 27.7 11.1 12.6 9.7 10.4
DoI 12.9 56.0 13.4 13.0 18.6 14.2 20.6 17.7 19.3 8.9 9.4 18.7 627 41.1 10.7 14.6 10.0 11.4 9.4 9.9

Trans 13.4 32.5 13.5 8.8 17.2 12.1 29.6 21.4 17.9 8.9 11.6 10.4 21.2 641 10.7 14.1 10.0 11.6 9.3 9.7
DoL 10.5 18.1 13.4 11.0 9.2 10.5 11.4 15.0 13.1 17.3 12.4 9.9 10.0 10.4 441 10.3 10.0 10.7 8.9 9.5
Treas 11.0 19.8 21.8 8.8 9.7 10.2 12.3 19.8 14.3 15.5 19.2 17.1 17.9 15.4 11.6 554 10.1 11.9 9.3 10.1
OPM 7.7 16.6 9.1 10.6 9.2 7.8 11.4 11.2 13.2 8.9 9.0 9.9 10.0 10.4 13.7 10.2 395 10.9 9.0 9.6
GSA 11.3 19.5 15.8 9.1 9.8 11.9 12.9 26.1 11.3 16.8 9.6 10.5 10.7 23.4 8.9 24.3 11.9 484 9.5 10.4

NARA 7.9 17.0 9.3 11.3 9.6 8.0 11.9 11.6 10.9 8.8 9.2 10.1 10.3 10.8 8.5 10.4 10.1 11.4 374 9.9
OMB 7.8 17.2 13.1 8.7 9.6 8.0 11.8 11.4 10.9 8.9 9.1 10.0 10.1 10.5 8.4 20.7 10.4 11.1 9.2 396

For system network, the diagonal cells of the matrix represent the core system capacities, and the non-
diagonal cells of the matrix represent the interoperable capacities. Likewise, the diagonal cells of activated 
capacities represent the degree centrality (the sum of all the links) of each agency and the non-diagonal 
cells represent the activated interoperable capacities.  
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The graphs and matrices in Figure V-5 and V-6 present the technically interoperable 

capacities (xi,j) and enacted interoperable capacities (exi,j) generated for alternative 4 from the 

simulation exercise. Although the DOD is the biggest IT user among the federal agencies, its 

potentially and enacted interoperable capacities are less remarkable. The sum of activated 

interoperable capacities (1340) by the DOD with all other agencies is a little less than four times 

its core system capacity (381). On the other hand, the sum of activated interoperable capacities 

(484) by the GSA far exceeds ten times its core system capacity (36).  

This initial simulation exercise has shown that agencies in charge of government-wide 

common management and support functions can create more (network) values from improving 

interoperability with complementary systems and activating them across agencies rather than 

building its own core system capacities. 

4.  Exploratory Modeling for Assessing the Robustness 

Identification of Critical Uncertainties 

Table V-4 presents the key factors that may affect the development of network-centric public 

services, and key parameters of their expected values and uncertainties. The priorities citizens 

assign to various missions may change as economic and social environments evolve. Technology 

progress is hard to predict precisely. The interdependencies among complementary systems for 

mission capabilities also continue to change. The inter-governmental relations such as technology 

diffusion and social networking among federal agencies are highly uncertain. All these individual 

uncertain factors jointly affect the robustness of final outcomes.  

Since policy-makers and citizens are often risk-averse, the robustness (or variances) of 

outcomes against environmental changes is as important as the most likely outcome for each 

alternative. This exercise hypothesizes that technology advance, mission priority, system-mission 

interdependency, and system utilization rate are the most critical uncertainty factors. By taking 

advantage of both parametric and probabilistic exploratory analysis in a complementary way (as 

shown in Table V-5), this study will test the robustness of policy alternatives. Parametric 

exploratory analysis will generate 18 scenarios as the combination of multiple parameters for 

three uncertainty factors. Probabilistic exploratory analysis will generate 100 scenarios as the 

combination of parameters randomly drawn from the probabilistic distribution functions. 
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Table V-4. Key Factors and Their Uncertainties 

Key Factors Degree of 
uncertainty Parameters 

Technology progress H Expected growths, Variances 

Technical and semantic distance L Expected distance 

Project

development 

factors Standard system development M Expected probability of success 

Interdependencies among systems H Expected complementarity 

Economic and Budget trends M Expected growths, Variances 
Demand 

factors
Citizens’ demands of missions H Expected preferences, Volatility 

Social networking H Patterns, Direction, Density, etc. 

(De)Centralization in system 
networks and social networks  M Centrality index 

Inter-

governmental 

relations 
Technology convergence H Disparities in technology levels 

Table V-5. Parameters of Uncertain Factors 

Parametric modeling Probabilistic modeling 

Weights of the i-th systems 
for the j-th mission (wi,j i j)

Constant, and 
Increasing (1% annual growth) N(1.01, 0.03): normal distribution 

Technology growth (Techgri) 4%, 7.5% and 11% on average Poisson distribution (  =  =7.5%112)

The scale factor ( ) of the 
utilization rate function113 0.5, 1, and 1.5  N(1, 0.05) 

Weights of missions (wj)  N(1, 0.03) 

Parametric Exploratory Modeling 

Table V-6 and Figure V-7 shows the sum of core and interoperable capacities. The agency-

centric portfolio policy (Alt0) concentrates its investment on building core systems and coupling 

less heterogeneous systems. On the other hand, the mission-centric portfolio policies (Alt1-4) 

                                                
112 Technology can be either incrementally improving or disruptively leaping, but given the lock-in effects 
arising from network standards, the disruptive leaping seems more appropriate in modeling the progress of 
information technologies. For this purpose, the probabilistic modeling of technology innovation equation will 
adopt a Poission distribution function.  Mean and variance are equal with a Poisson distribution. 
113 Since the utilization rate lies between 0 and 1, a higher exponent means a lower utilization scenario. High 
scale factor of the utilization rate function may mean that social capital across agencies is high. 



105

allocate smaller budgets to core capacities and greater budgets to interoperable capacities. The 

core system capacities are by far the largest under the agency-centric portfolio policy (Alt0). The 

standard systems that are interoperable with broad range of systems or shared by all the 

government agencies (Alt2&4) dramatically increase interoperable capacities114. Interestingly, not 

only high technology growth rates but also high system utilization rates increase the system 

capacities through their effects on increased technology diffusions.  

Table V-6. Core System Capacity, Interoperable Capacity, and Standard System Capacity 
Social Interdep- Tech Core System Capacity Interoperable Capacity StandardSystemCapacity
capital endency growth Alt0 Alt1 Alt2 Alt3 Alt4 Alt0 Alt1 Alt2 Alt3 Alt4 Alt2(M) Alt4(M) Alt4(G)

low constant low 1622 1223 1221 1286 1330 820 1093 2052 1161 5376 56 44 9
low constant medium 2101 1577 1576 1665 1717 1493 1826 2923 1930 6588 67 53 10
low constant high 2735 2040 2042 2162 2230 2581 3070 4259 3220 8095 78 61 11
low growing low 1605 1159 1156 1233 1285 895 1190 2136 1266 5476 56 44 9
low growing medium 2079 1490 1487 1594 1661 1649 1997 3080 2115 6762 67 53 10
low growing high 2709 1923 1922 2064 2140 2770 3344 4516 3517 8385 78 61 11

medium constant low 1681 1272 1266 1336 1375 843 1182 2174 1255 5971 59 46 11
medium constant medium 2193 1658 1650 1755 1793 1538 2004 3139 2129 7547 72 56 12
medium constant high 2879 2170 2161 2303 2333 2647 3370 4587 3572 9428 84 66 13
medium growing low 1662 1206 1198 1284 1327 921 1284 2265 1370 6077 59 46 11
medium growing medium 2170 1567 1556 1683 1730 1701 2188 3310 2335 7731 72 56 12
medium growing high 2850 2046 2033 2207 2252 2845 3667 4867 3902 9747 84 66 13

high constant low 1739 1309 1293 1369 1399 872 1254 2251 1317 6267 61 47 11
high constant medium 2293 1719 1694 1812 1830 1603 2169 3283 2270 8073 75 57 13
high constant high 3045 2270 2234 2398 2396 2754 3684 4840 3832 10246 89 68 15
high growing low 1720 1240 1223 1312 1349 954 1361 2346 1435 6377 61 47 11
high growing medium 2268 1624 1598 1738 1768 1765 2369 3462 2486 8269 75 57 13
high growing high 3013 2140 2102 2304 2315 2964 4002 5155 4189 10587 89 68 15

Table V-7 and Figure V-8 show that the weighed average of productivities (using mission 

weights) increases with higher system utilization rates and decreases with higher technology 

growth115. Among the mission-centric portfolio policies, the productivities generated from the 

agency-centric operation policies (Alt1&2) vary substantially116, but the mission-centric operation 

policies (Alt3&4) reduce the productivity variance.  

                                                
114 The mission-specific standard capacity is added to all of 19 interoperable capacities for a given mission (xi,all

i j), and the government-wide standard capacity is added to all of 380 interoperable capacities (xall,all i j). 
115 It is because the inter-agency utilization lags behind the rapid expansion of interoperable capacities. 
116 The mission-centric portfolio policies (Alt1-4) achieve lower productivities than the agency-centric portfolio 
policy (Alt0) under the low system utilization scenarios, but achieve higher productivities under the high system 
utilization scenarios. 
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Table V-7. Productivities and Joint Mission Capabilities 
Social Interdep- Tech Productivity Mission Capability Deviation from the most likely Mission Capability

capital endency growth Alt0 Alt1 Alt2 Alt3 Alt4 Alt0 Alt1 Alt2 Alt3 Alt4 Alt0 Alt1 Alt2 Alt3 Alt4
low constant low 0.742 0.625 0.607 0.684 0.707 19.0 33.1 43.5 39.9 60.5 -19% -35% -32% -35% -31%
low constant medium 0.679 0.556 0.544 0.630 0.657 22.0 41.0 54.0 51.3 75.9 -6% -20% -16% -16% -13%
low constant high 0.646 0.500 0.489 0.592 0.615 23.4 47.9 65.4 63.0 93.1 0% -6% 1% 2% 6%
low growing low 0.720 0.597 0.582 0.661 0.690 15.3 28.2 37.1 35.0 54.0 -35% -45% -42% -43% -38%
low growing medium 0.656 0.527 0.518 0.609 0.641 17.5 34.5 45.5 44.8 67.5 -25% -32% -29% -27% -23%
low growing high 0.624 0.472 0.463 0.571 0.598 18.4 39.7 54.3 54.5 82.0 -22% -22% -16% -11% -6%

medium constant low 0.775 0.765 0.799 0.829 0.875 23.4 44.4 57.0 50.4 74.1 0% -13% -12% -18% -15%
medium constant medium 0.721 0.713 0.745 0.790 0.836 28.5 58.6 73.6 68.3 96.0 22% 15% 14% 11% 10%
medium constant high 0.693 0.666 0.693 0.760 0.804 30.7 73.1 92.5 88.0 121.2 31% 43% 44% 43% 38%
medium growing low 0.755 0.752 0.790 0.819 0.872 19.4 39.0 50.1 45.3 67.7 -17% -24% -22% -26% -23%
medium growing medium 0.702 0.699 0.734 0.781 0.834 23.4 51.1 64.4 61.5 87.6 0% 0% 0% 0% 0%
medium growing high 0.676 0.652 0.681 0.753 0.801 25.0 63.3 80.3 78.8 110.1 7% 24% 25% 28% 26%

high constant low 0.876 0.891 0.907 0.917 0.930 28.2 52.0 63.6 55.9 79.3 21% 2% -1% -9% -10%
high constant medium 0.839 0.854 0.870 0.887 0.900 36.9 71.2 84.6 78.0 104.2 58% 39% 31% 27% 19%
high constant high 0.817 0.823 0.837 0.865 0.877 42.0 93.3 110.3 103.5 134.2 79% 83% 71% 68% 53%
high growing low 0.867 0.887 0.906 0.915 0.931 24.0 46.1 56.5 50.7 72.8 2% -10% -12% -18% -17%
high growing medium 0.831 0.850 0.869 0.886 0.903 31.3 63.3 75.2 71.2 96.1 34% 24% 17% 16% 10%
high growing high 0.811 0.820 0.836 0.865 0.880 35.6 82.6 97.6 94.3 123.4 52% 62% 51% 53% 41%

Max/Min 2.74 3.31 2.97 2.96 2.48

Table V-7 and Figure V-9 shows the weighed average of mission capabilities. The joint 

mission capability is lower with the scenarios of increasing interdependencies than with the 

scenarios of constant interdependencies. Mission-centric portfolios (Alt1-4) mitigate these 

differences117 and mission-centric operations (Alt3&4) mitigate them more.  The higher system 

utilization rates are, the higher joint mission capabilities are118. The mission-centric operation 

policies (Alt3&4) reduce the variances of mission capabilities due to varying system utilization 

rates.  Higher technology growth increases joint mission capabilities119. When technology 

growth is high, the mission-centric operation policies (Alt3&4) more effectively improve mission 

capabilities.

                                                
117 The differences are 21.6% (Alt0), 14.6% (Alt1), 14.2% (Alt2), 11.0% (Alt3) and 9.5% (Alt4). 
118 With the low system utilization scenarios, the decreases are -25.5% (Alt0), -32.5% (Alt1), -29.4% (Alt2), -
27.1% (Alt3) and -23.0% (Alt4). With the high system utilization scenarios, the increases are 33.8% (Alt0), 
23.7% (Alt1), 16.7% (Alt2), 15.8% (Alt3) and 9.7% (Alt4). 
119 With the low technology growth scenario, the decreases from the baseline levels are -17.1% (Alt0), -23.6% 
(Alt1), -22.2% (Alt2), -26.4% (Alt3) and -22.8% (Alt4). With the high technology growth scenario, the increases 
are 6.8% (Alt0), 23.7% (Alt1), 24.6% (Alt2), 28.1% (Alt3) and 25.6% (Alt4). 
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Figure V-7. Core and Interoperable Capacities from Parametric Exploratory Modeling 

System Capacities (low system utilization scenario)

System Capacities (medium system utilization scenario)

System Capacities (high system utilization scenario)
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Figure V-8. Productivities from the Parametric Exploratory Modeling 

Productivities (low system utilization scenario)

Productivities (medium system utilization scenario)

Productivities (high system utilization scenario)
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Figure V-9. Joint Mission Capabilities from the Parametric Exploratory Modeling 

Joint Mission Capabilities (low system utilization scenario)

Joint Mission Capabilities (medium system utilization
scenario)

Joint Mission Capabilities (high system utilization scenario)

Baseline
scenario 
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Alternative 4 (that represents the joint implementation of all three policy levers of network-

centric public services) is particularly effective with the low system utilization scenario, the high 

technology growth scenario and the increasing interdependencies scenario. On the other hand, its 

gain is less remarkable with the scenario of high system utilization and constant interdependencies 

scenario.  Overall, the incremental gains of alternative 4 over alternative 1 robustly surpass the 

sum of the gains of alternative 2 and alternative 3 over alternative 1 across the various parametric 

scenarios120.  The maximum / minimum ratio of each alternative (in the bottom row of Table V-

7) represents the maximum variance of mission capabilities across parametric scenarios. The ratio 

of alternative 4 is by far the smallest. 

Probabilistic Exploratory Modeling 
The probabilistic exploratory modeling will generate stochastically-evolving mission priority 

weights (i.e. wj,t = Xj,t wj,t-1 ; Xj,t~N(1.0, 0.03)) and system’s relative contribution weights (i.e. 

wi.j,t = Xi.j,t wi.j,t-1 i j; Xi.j,t~N(1.01, 0.03)) over time. To respond to evolving social demands, the 

IT portfolio needs to be adaptively readjusted at each period. This modeling adopts an adaptive 

approach which adjusts the system portfolio as follows: At each time step, the desirable portfolio 

of core and interoperable capacities is estimated according to the updated weights, and then the 

gaps between the desirable portfolio and the current portfolio are calculated. Then, the budgets are 

allocated proportional to the magnitude of gaps.  

The robustness of each alternative can be tested in terms of the variance of outcomes. Table 

V-9 and Figure V-10, Appendix C-3 and C-4 show the mean and the variance of system 

capacities, productivities and mission capabilities generated from the probabilistic exploratory 

modeling. Standardization policies (Alt2&4) mitigate the coefficients of variation (= standard 

deviation / mean) of the interoperable capacities, and the mission-centric operation policies 

(Alt3&4) mitigate the coefficients of variation of productivities. The mission-centric hybrid loose 

coupling and operation policy (Alt4) maximizes the expected outcome and minimizes the 

coefficient of variation.  

Another way to analyze robustness is to examine the value at the lowest five percentile. The 

                                                
120 From the baseline scenario, the gain of alternative 2 over alternative 1 is 26% and the gain of alternative 3 
over alternative 1 is 20%. The gain of alternative 4 over alternative 1 is 71%, so far exceeds the sum of the gains 
from alternative 2 and 3.  
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five percentile mission capability value of alternative 1, shown in Table V-7, is higher than the 

mean value of alternative 0. Likewise, the five percentile values of alternative 2 and 3 are higher 

than the mean value of alternative 1. The five percentile value of alternative 4 is higher than the 

mean values of alternative 2 or 3.  

Table V-8. Results from the Probabilistic Exploratory Modeling  

Mean Standard
Deviation

Coefficient
of Variation Min Low 5% Low 25% Max

Scale factor of system utilization function 1.00 0.06 5.60% 0.90 0.90 1.00 1.10
Technology growth (at t=20) 1.07 0.01 0.61% 1.06 1.06 1.07 1.09
Weight to core system capacity 0.46 0.01 1.33% 0.45 0.45 0.46 0.48
Mission-specific Standard Capacity (Alt 2) 71.0 1.73 2.43% 66.8 68.2 69.8 75.8
Mission-specific Standard Capacity (Alt 4) 55.1 1.32 2.40% 51.9 53.1 54.2 58.8
Government-wide Standard Capacity (Alt 4) 12.2 0.17 1.36% 11.8 12.0 12.1 12.6
Core System Capacity (Alt 0) 2,148      55.1 2.57% 2,009     2,044     2,114     2,282
Core System Capacity (Alt 1) 1,585      42.2 2.66% 1,475     1,507     1,559     1,690
Core System Capacity (Alt 2) 1,577      41.6 2.64% 1,469     1,500     1,551     1,679
Core System Capacity (Alt 3) 1,689      37.1 2.20% 1,601     1,620     1,666     1,782
Core System Capacity (Alt 4) 1,730      32.2 1.86% 1,657     1,676     1,706     1,804
Interoperable Capacity (Alt 0) 1,503      188.3 12.53% 1,020     1,182     1,398     1,954
Interoperable Capacity (Alt 1) 2,044      154.3 7.55% 1,672     1,773     1,948     2,484
Interoperable Capacity (Alt 2) 3,171      181.6 5.73% 2,757     2,856     3,052     3,675
Interoperable Capacity (Alt 3) 2,180      149.3 6.85% 1,841     1,925     2,072     2,610
Interoperable Capacity (Alt 4) 7,582      177.3 2.34% 7,178     7,298     7,457     8,105
Productivity (Alt 0) 0.72 0.02 2.56% 0.67 0.69 0.71 0.776
Productivity (Alt 1) 0.71 0.02 2.71% 0.66 0.69 0.70 0.757
Productivity (Alt 2) 0.75 0.02 2.50% 0.70 0.72 0.73 0.789
Productivity (Alt 3) 0.79 0.02 1.99% 0.74 0.76 0.78 0.822
Productivity (Alt 4) 0.83 0.01 1.63% 0.80 0.81 0.82 0.870
Joint Mission Capability (Alt 0) 26.2 2.69 10.25% 19.4 22.3 24.3 31.7
Joint Mission Capability (Alt 1) 54.5 4.78 8.77% 41.3 47.6 51.0 64.5
Joint Mission Capability (Alt 2) 68.0 5.02 7.38% 54.2 60.5 64.4 79.3
Joint Mission Capability (Alt 3) 63.7 5.92 9.29% 48.2 55.0 59.2 76.0
Joint Mission Capability (Alt 4) 89.7 6.35 7.07% 72.5 80.0 84.9 103.8
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Figure V-10. Joint Mission Capabilities generated from Probabilistic Exploratory Modeling 
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Summary of Modeling and Policy Implications 

This exercise is based on numerous abstract assumptions in regards to multiplicative 

production functions, various (convex or linear) cost functions, technology diffusion functions, 

social network and inter-agency system utilization functions as well as a number of speculative 

parameters in regards to mission priority, system-mission interdependency, inter-agency distances, 

and needed standard scopes. It should be noted that the simulation results are limited by these 

abstract and speculative assumptions. 

Based on these assumptions, this modeling exercise illustrates that when autonomous agencies 

develop more mission-centric (rather than agency-centric) system portfolios, invest in standard 

systems modestly, and build more mission-centric (rather than agency-centric) relationships with 

other agencies, an encouraging evolutionary trajectory can be produced without any central 

commander. The mission-centric portfolio that allocates the budgets according to the 

interdependencies among systems, without a bias toward similarity, greatly improves the overall 

mission capabilities of network-centric public services. Small investments in standard systems, for 

specific mission initiatives or for government-wide horizontal services, greatly increase the 

interoperable capacities. The values of increased interoperable capacities can be more 

productively utilized with mission-centric operational capabilities. This exercise illuminates that 

when all three policies are successfully implemented, positive feedbacks can substantially 

improve joint mission capability. 

Standard interfaces improve interoperability among a broad range of systems while point-to-

point interfaces selectively couple only highly complementary systems. Building operational 

capabilities that activate a wide range of interoperable capacities also takes time. Hence, while 

small investments in standard systems increase interoperable capacities remarkably, but they 

increase mission capability rather moderately. Nonetheless, such untargeted interoperable 

capacities and mission-centric utilization of them may improve the robustness of mission 

capabilities faced with highly uncertain future states. Although this is a highly stylized simulation 

exercise, both the parametric and the probabilistic exploratory modeling (by varying the highly 

uncertain parameters for technology progress, interdependency, and inter-agency system 

utilization) confirm that modest investment in standard services jointly with mission-centric 

operation not only enhances the expected outcome but also reduces the variances of outcomes 
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against highly uncertain future states. The approach of standard services and mission-centric 

operation is particularly effective when technology progresses faster than expected; inter-agency 

system utilization falls behind the expectation; and interdependencies among multiple missions 

and systems increase. This challenging situation is actually a quite likely scenario. 

While these thought experiments are highly abstract, speculative and merely suggestive, the 

results are nonetheless interesting. Investments in standard services currently account for very 

little of the U.S. federal IT budget, and most of them have been devoted to departmental internal 

standards to integrate own systems within an administrative boundary. Investments in cross-

agency standard services and mission-centric social networking capabilities have been minimal. 

Some agencies just began to move from agency-centric enterprise architecture to mission-centric 

enterprise architecture, and the Presidential e-Government initiatives recently began pilot 

investments in mission-wide and government-wide standard services. Although it is yet too early 

to evaluate these efforts, this simulation exercise indicates that modest expansion of investment in 

standard services and building mission-centric inter-agency partnership may substantially improve 

the joint mission capability over the long run (even against challenging environments).  

This simulation exercise has shown that a number of inter-organizational social network 

drivers may significantly and substantially affect the effectiveness of investment in standard 

services (given a fixed budget). This implies that the optimal scale or scope of standard services is 

likely to depend on the expected inter-agency operational effectiveness (i.e. inter-organizational 

productivity in operating interoperable systems). Hence, accurate prediction of inter-agency 

operational effectiveness is important, and this exercise indicates that social network analysis may 

contribute to its better estimation. However, since there has been little implementation of cross-

agency interoperable systems, little empirical evidence exists for framing predictions. This means 

that during the early stage of investments, the estimation of inter-agency operational effectiveness 

will be accompanied by very wide confidence intervals, and investment managers need to cope 

with uncertainties. The next chapter will illustrate an adaptive investment strategy that 

incrementally expands investment in standard services on the basis of updated information about 

inter-agency operational effectiveness as well as social demand prospects and technology advance. 
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Chapter 6.  Case Study: Consolidation of Public Safety Wireless Networks  

This chapter will illustrate platform investments in practice by means of a case study of a 

wireless communication network for public safety missions in Korea. While chapter 5 examined 

the effects of incremental upgrades of standard systems over time, this chapter will analyze the 

investment decisions for replacing existing incompatible networks with a new consolidated 

network. This case study will demonstrate that adaptive investment strategies regarding standard 

choice and consolidation scope, designed using exploratory modeling and real option analysis 

methods, will greatly enhance long-term values and mitigate risks.    

1. Overview of Consolidated Wireless Communication for Public Safety  

Public Safety Mission and the Interoperability of Communication Systems 

Enhanced connectedness is a critical building-block that enables public safety agencies to 

share information in real time between central agencies, local governments, public institutes and 

non-government organizations and hence better respond to emergencies by rapidly mobilizing the 

complementary resources of several agencies. However, existing systems are often far from being 

capable of supporting these goals because of the lack of standardization and interoperability 

across different agencies and the limited geographic coverage of disaster communication 

networks. Inability to communicate between public safety agencies may hinder effective disaster 

response or even put public safety workers in danger. On September 11, 2001, New York police 

helicopters relayed a message for public safety officials to evacuate the north tower of the World 

Trade Center, but firefighters never received it because their radio system was not interoperable 

with the police communication systems. Three hundred forty-three firefighters died at the World 

Trade Center, and at least 121 firefighters who were within striking distance of safety could have 

been saved if they had received the police warning (National Task Force on Interoperability 2003). 

On February 18, 2003 in Daegu, Korea, a fire in the subway rapidly turned into one of the 

country’s worst disaster. One hundred ninety-two people died and 148 people were injured. A 

stationary train caught fire, but another train traveling the opposite direction, receiving no warning 

message. Most people died in the second train when it arrived at the station and stopped alongside 
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the blazing train (MOGAHA 2003). According to the U.S. Public Safety Wireless Network 

(PSWN), a lack of interoperability makes more than one-third (36 percent) of public safety 

agencies unable to respond to an emergency call121.

Becoming aware of such problems, many governments began to pay attention to the need for 

communication among public safety agencies. To improve the interoperability of public safety 

wireless communication, one should identify the communication needs and requirements – i.e. 

with whom and how to communicate, and what information to exchange and when. The potential 

stakeholders include: law enforcement, transportation, emergency medical services (EMS), fire, 

utilities, military, public access, fleet management, disaster recovery and so on.  The National 

Task Force on Interoperability (2003) lists public safety communication requirements as follows: 

reliable one-to-many broadcast capability, quick response in emergency situations122, dedicated 

channels and priority access, highly reliable and redundant networks to withstand natural disasters, 

and the best possible coverage with a minimum of dead zones. Since public safety officials have 

unique and demanding communication requirements, they cannot just use cellular phones for 

mission-critical communications during serious accidents123.

Technical Capabilities of Alternative Standards 

Most public safety agencies still operate the old analogue radio systems in the very high 

frequency (VHF) band, and some agencies operate in the ultrahigh frequency (UHF) band. The 

use of spectrum resources by old VHF/UHF-based systems is inefficient. Public safety agencies in 

many countries such as the United States, the United Kingdom and Korea are being asked to 
                                                
121 PSWN classifies public safety interoperability into three types: day-to-day interoperability (for routine public 
safety operations), mutual-aid interoperability (joint and immediate response to a catastrophic accident or natural 
disaster), and task force interoperability (joint operations for an extended period of time, e.g. recovery operations 
for major disasters or prolonged criminal investigation). 54 percent of public safety agencies report limited 
confidence in mutual aid interoperability and 66 percent of public safety agencies have limited confidence in 
task force communication interoperability. 56 percent of local public safety agencies express limited confidence 
in their ability to communicate with state public safety organizations and 81 percent with federal organizations. 
122 Dialing, waiting for call connection, and busy signals are unacceptable for emergency response. 
123 A commercial service called ‘push-to-talk’ (PTT) began to provide one-to-many broadcast and quicker 
response than ordinary cellular phones, and this service is available over cellular phones (POC: PTT over 
Cellular). POC is based on an IP platform, so every operator that has a data communication network can launch 
POC services without setting up a new network. However, coverage, security, unreliable priority access and no 
direct connect mode remain major drawbacks to the wider use of POC technology for mission-critical public 
safety communications (Luna 2004). Most of all, commercial systems are often unreliable during critical 
incidents since surging communication traffic overwhelm the systems. 
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transition old VHF/UHF systems from wideband to narrowband channels. Federal agencies may 

renovate their legacy radio systems or replace them with the trunked radio systems.  

The trunked radio system (TRS) was first developed in analog mode in 1970s, and greatly 

enhanced spectrum efficiency. Digital TRS, introduced in the mid-1990s, provides versatile 

functionalities. The TRS network can improve collaboration and synchronization capabilities by 

allowing communications with anyone (e.g. dynamic grouping124), anytime (through priority 

access and immediate access time) and anywhere (through direct connect mode125). Other benefits 

of digital TRS include: data communication and access to local and national databases leading to 

faster provision of information to officers126 ; secure communications of information from 

unauthorized access; digital voice quality that reduces misunderstandings in messages; automatic 

vehicle and person location through GPS leading to quicker responses and improved officer 

safety; and one terminal capable of acting as a radio, mobile telephone and data terminal.  

The three most prevalent standards of TRS are TETRA, iDEN and APCO-P25 (Tcha et al. 

2004). TETRA (TErrestrial Trunked RAdio) is an open digital standard defined by the European 

Telecommunications Standardization Institute (ETSI) in 1995 to meet the needs of the most 

demanding professional mobile radio users. iDEN (Integrated Digital Enhanced Network) is a 

slightly different version of TETRA, developed by Motorola in 1994 as a proprietary standard. 

The iDEN standard has by far the biggest number of users – 15.3 million in the U.S.127, and iDEN 

services have been provided to many U.S. cities’ emergency management departments since 1999. 

The APCO-P25 standard, defined by the U.S. APCO (Association of Public-safety 

Communications Officials), addresses the ‘inter-subsystem interface’ which permits conversion of 

voice sound waves to a digital format understandable by subscriber units and infrastructure 

components from any compliant manufacturer (i.e. loose coupling architecture). Table VI-1 

summarizes the comparison of three TRS standards. TETRA is the most functionally versatile in 

overall, but iDEN exceeds TETRA in terms of data rates and frequency efficiency. APCO-P25 

excels in backward compatibility with analogue radio and wide geographic coverage. 
                                                
124 Directories that allows various agencies to opt in and out of calling groups 
125 Two-way direct communications between terminals when base stations lose power 
126 Analog systems do not support data communication, so public safety personnel cannot directly access 
information such as a criminal’s fingerprints or the blueprint of a building using mobile data terminals. 
127 www.nextel.com/about/corporateinfo/profile.shtml (as of December 2004) 
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Table VI-1. Comparison of TETRA, iDEN and APCO-25 
 TETRA iDEN APCO-25 

Direct connect mode capable capable capable 
Trunked gateway capable incapable capable 

Survivability 

Local site trunking mode capable capable capable 
Priority Access capable capable capable 
Access time 0.3 sec 0.5 sec 0.3 sec 
Dynamic grouping capable capable capable 
Data rates (bit/sec) 28.8kbps 44kbps 9.6kbps 
GPS, SMS capable capable capable 

Functionality 

Terminal size Middle Small Middle 
Frequency Efficiency 1:4 (M) 1:6 (H) 1:2 (L) 
Geographic Coverage of Base Station Medium Small Wide 
Openness of Technology Open  Proprietary  Open 

(Source: Tcha et al. 2004) 

Future Convergence of Communication Networks and Information Systems 

Although the most important capability for a public safety network in the near term is inter-

agency voice communication capability, the growth of voice communications is stagnating since 

both demand growth and technology progress is almost mature. On the other hand, data and 

multimedia communications are rapidly growing in both supply and demand. As the number of 

mobile terminals and wireless sensors increase and ubiquitous disaster information services 

emerge, wireless data and multimedia communication traffic will rapidly increase. TRS is the best 

technology for voice communication, but the data transmission rates of digital TRS are much 

slower than those of cellular phones128.

The communication network is a platform for the interoperation among diverse information 

systems, and the next-generation ubiquitous computing paradigm will intensely intertwine 

communication networks and information systems. Desired wireless data communication 

capabilities include: high-bandwidth deployable wireless communications in the field, integration 

of global positioning system (GPS) with digital maps, increased utilization of wireless laptops and 

personal digital assistants (PDA), improved support for digital photography and data transfer, and 

a testbed for future integration of advanced mobile and nomadic computing and communication 

technology (FEMA 2001).   

                                                
128 CDMA-based 1X EV-DO technology currently offers data rates 2.4Mb/s while TETRA handles 28.8Kb/s. 
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By 2010, the next generation international standards for public safety communications are 

expected to be established by the International Telecommunication Union (Tcha et al 2004) to 

make it possible to transmit high volume multimedia data (2~200Mbps). The U.S. 

Telecommunication Industry Association (TIA) and the European Telecommunication Standards 

Institute (ETSI) are developing a partnership project, called ‘Project MESA’ (Mobile broadband 

for Emergency and Safety Applications). The initial Statement of Requirement, announced in 

2002, defines future user requirement to involve 2Mbps or greater data rates to offer varying 

applications. MESA seeks to provide various capabilities such as the delivery of fire information 

from sensors attached to firefighters to the fire management team, wireless frontline medical 

assistance and two-way communications between EMS technicians and medical facilities, 

automatic recognition and detection by public cameras and sensors, and automated inspection of 

non-accessible or hazardous areas by mobile robotics (Thompson 2003; Imel and Hart 2003). 

When a wide-area sensor network is built in the future, a variety of circumstantial information 

collected from wireless sensors will be transmitted and shared to provide situational awareness. 

2. Korea’s Investment Proposal for a Consolidated Public Safety Wireless Network 

Korean Situations and NEMA’s Investment Proposal 

Unlike the vast geographic size and decentralized budget system of the United States that 

inhibit nationwide replacement of infrastructure, Korea is a small and densely populated country 

with a tradition until recently of a centralized budgetary system. Korea has also succeeded in 

establishing a nationwide mobile and broadband infrastructure129 (by far the greatest broadband 

penetration per capita in the world).  

Various public safety agencies in Korea have built incompatible wireless networks and most 

of them became obsolete. As of 2003, 130,940 radio terminals are used in the VHF band, 14,384 

terminals are used in the UHF band. About 53,000 terminals are of the TRS type – mostly analog 
                                                
129 Demographic, Geographic and Economic Comparisons (Source: CIA 2004, ITU 2003 and OECD 2004) 

Population 
(thousand) 

Land area 
(km2)

GDP PPP 
($million) 

Mobile 
penetration 

Broadband 
penetration 

U.S.A. 293,028 9,161,923 10,990 54.3% 11.2% 
U.K. 60,271 241,590 1,666 84.1% 7.4% 

South Korea 48,598 98,190 858 69.3% 24.4% 
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TRS (Tcha et al. 2004). The police have begun to build and use TETRA-based networks in five 

metropolitan areas. After the Daegu subway disaster in 2003, the Board of Audit and Inspection 

recommended integration of public safety wireless communication networks. Consequently, the 

Office for Government Policy Coordination ordered the newly established NEMA130 to develop a 

plan to integrate the wireless networks of 46 public organizations (12 central government 

agencies131, 16 provincial and metropolitan governments and 18 public corporations132). The 

government’s narrowband mandate was another driver of change. NEMA proposed a budget 

request of KRW 360 billion (about US$ 360 million133) over three years to replace the existing 

public wireless networks with a new consolidated network based on the TETRA technology 

which aims to cover 40% of the nation.

Preliminary Feasibility Study 

At the request of the Korea’s Ministry of Planning and Budget, Tcha et al. (2004) at Korea 

Development Institute conducted the preliminary feasibility study134 of NEMA’s investment 

proposal by examining technical, economic, and other policy aspects. First of all, this study 

evaluated three types of TRS technologies and agreed that TETRA is technologically superior 

(refer to Table VI-1). Then, this study proposed two more alternatives in addition to the original 

project proposal by NEMA. As some redundancies with the recently-built police networks (based 

on TETRA) were identified in the original NEMA proposal, the study proposed an alternative that 

fully reuses the police networks to save the project costs. The study also proposed a do-the-

minimum alternative that renovates the existing UHF/VHF networks and interconnects them via 

                                                
130 NEMA was established on June 1, 2004 as a national disaster management organization. The missions of 
NEMA include (1) to strengthen coordination functions through the unification of disaster management system; 
(2) to emphasize disaster mitigation efforts and to increase mitigation investment; and (3) to reinforce local 
disaster management system and cooperation system with private sectors (http://www.nema.go.kr). 
131 12 central agencies include Ministry of Defense, Ministry of Government Administration and Home Affairs, 
National Police Agency, NEMA, Coast Guard, Forest Service, National Medical Center, Red Cross, Seoul 
Regional Aviation Administration, Pusan Regional Aviation Administration, and Ministry of Environment. 
132 They include Korea Railroad Co, Korea Train Express, Seoul Metro Subway Co, Seoul Metro Rapid Transit 
Co, Daegu Subway Co, Kwangjoo Subway Co, Incheon Subway Co, Daejeon Subway Co, Pusan Urban Transit, 
Korea Airport Co, Incheon International Airport, Incheon Airport Train, National Housing Co, Korea Highway 
Co, Korea Water Resources Co, Korea Electric Power Co, Korea Electrical Safety Co, and Korea Gas Safety Co. 
133 US$ 1 = KRW 1,006 (As of Feb 28, 2005) 
134 In Korea, the approval of large public investment plans (over $50 million) is subject to the preliminary 
feasibility study administered by the Ministry of Planning and Budget.  
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gateways.

The preliminary feasibility study assumed that the life span of TRS networks is 10 years. The 

study recommended that 44 agencies135 should join the consolidated network and estimated that 

about 183,000 public safety workers (including 73,000 police officers) will use radio systems136.

This study identified the baseline cost of renovating the legacy network systems for compressing 

the spectrum to the narrowband. Then, the study estimated the life-cycle costs of three alternatives 

and defined project costs for each alternative as the incremental costs of each alternative above 

the baseline cost. Appendix D-1 shows the baseline life-cycle costs over 10 years, and Appendix 

D-2 shows the life-cycle costs of the best alternative.  

The interoperable wireless networks will enable public safety agencies to communicate more 

quickly each other, and therefore mobilize the resources of other agencies more effectively and 

improve the mitigation of deaths and property damages. The expected benefits across six types of 

disasters were estimated by multiplying the expected annual disaster losses with the estimated 

incremental mitigation effects (in terms of percentages). Since there are ups and downs in disaster 

losses (including casualties and property losses) across years, the expected monetary value of 

annual disaster losses is estimated by computing the mean of the monetary disaster loss values 

over five years (1998-2002) in FY 2003 constant prices, using the government statistics of 

disasters. Estimating the mitigation effects is difficult because of uncertainties in the cross-agency 

interdependencies and the inter-agency operational effectiveness. In the absence of any precedent 

case, no empirical study can be made. Instead, the feasibility study solicited subjective judgments 

from 45 experts in 13 public safety agencies, and there were substantial variances in experts’ 

opinions (refer to Table VI-4). The point estimate of the mitigated annual disaster loss is KRW 

43.9 billion, and the standard deviation is KRW 13 billion.  

While the gateways and interfaces interconnecting the legacy systems also can provide the 

minimum level of inter-agency voice communication capability, the TETRA standard provides 

                                                
135 The preliminary feasibility study recommended the exclusion of the Korea Train Express (KTX) and the 
Korea Electric Power Corporation (KEPCO). The KTX and the KEPCO have sophisticated and distinct technical 
requirements, and they have recently built their own systems based on other highly customized TRS standards.  
136 The planned capacity of fixed infrastructure (e.g. public switches and routers, base stations) is planned to 
accommodate as many as 300,000 users. Because of the relatively small marginal cost of increased capacity and 
the uncertainty of predicting future needs, a common strategy is to install significantly more capacity that is 
currently anticipated, at small increment cost (Weill 1993). 
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other capabilities as well including dynamic grouping, priority access, emergency call and faster 

access time. According to another survey of 30 expert opinions, the minimum interoperability 

derived from the do-minimum alternative accounts for only 39 percent of the benefits generated 

from a TETRA-based network. The preliminary feasibility study concluded that a new TETRA-

based consolidated network generates higher net present values than the do-the-minimum 

alternative. Among two TETRA alternatives, the revised alternative turns out to be superior to the 

original NEMA proposal since that reduces redundant investments. 

The preliminary feasibility study examined not only economic measures, but also subjective 

measures on technological and other policy factors, using an Analytic Hierarchy Process (AHP) 

method. Other policy factors include consistency with the higher-level policies, NEMA’s 

capabilities of coordinating cross-agency collaborations, synergies with other related IT projects, 

the contribution of the consolidated network to the government service capabilities, financial 

affordability, the effect on IT industries, and the extent of network consolidation. The AHP study 

concluded that the revised TETRA plan is the best alternative and approved its feasibility. 

Unsolved Issues and Further Considerations 

A serious weakness of the preliminary feasibility study is that it suggested an inflexible single 

solution over a fixed consolidation scope despite large uncertainties. The preliminary feasibility 

study did not fully examine alternatives, neglected heterogeneity among potential participants, 

and it failed to incorporate strategic uncertainties into decision models. 

The government can either newly build its own autonomous network or reuse the commercial 

network through public private partnership. The preliminary feasibility study chose TETRA as the 

best technological option in terms of functionality, reliability and open standard. However, a 

technology choice should be made by considering path dependencies (i.e. potential synergies 

with the existing network), but not by simply comparing stand-alone systems. Although TETRA 

is technologically somewhat superior to and more reliable than iDEN, it costs substantially more 

in the Korean context. The iDEN-based network is already built for use in the private sectors 

(covering 45% of national territory, coastal areas and underground areas), and over 300,000 

people in the private sectors subscribe this iDEN-based commercial service137. Hence, additional 

                                                
137 www.ktpowertel.co.kr (as of Dec. 2004) 
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expansion for public safety use does not cost much. Open standards138 are, in theory, expected to 

avoid the lock-in into a particular vender and create a highly competitive market for terminal 

equipment. However, in reality, the price of an iDEN radio terminal is only a half of the price of a 

TETRA radio because the large number of iDEN-based commercial service subscribers has 

allowed the mass production of the iDEN radio terminals.  

The advocates of an exclusive public safety government network worry that public safety 

workers may not communicate successfully through commercial networks if private 

communication traffic overwhelms the networks during catastrophic incidents. However, threats 

such as unreliability and security problems may not be as serious as the TETRA-advocates 

worry139, and there are possible measures to mitigate them (e.g. building redundantly separate 

networks for governments in densely populated areas). Moreover, sharing the iDEN-based 

commercial network with the public safety mission provides not only potential threats but also 

synergies between the public and the private sectors including: direct communication between the 

public and the private sectors140, promotion of the TRS service industry141, and faster data 

communication, as well as economies of scale from capacity sharing (especially in sparsely 

populated areas). Table VI-2 compares the advantages and disadvantages of an autonomous 

TETRA-based network and a shared iDEN-based network. Experts’ opinions about the iDEN’s 

comparative advantages over TETRA vary greatly, and there is a chance that the potential benefits 

may be even bigger than what TETRA can provide. Unless this public private partnership is 

implemented and tested in real situations, it is not possible to identify its true benefits and threats. 

Simply avoiding risks may lead to losing great opportunity. Not risk avoidance, but strategic risk 

                                                
138 Only few firms have technical capability of producing the TETRA-based network, and they add proprietary 
functions on top of the standard TETRA functions. To achieve full interoperability, the entire networks should 
be built by the same vendor (i.e. vendor lock-in). Hence, the feasibility study recommended the procurement of a 
new consolidated network from the same vendor who built the existing TETRA-based networks of the police. 
139 During the 9/11 attack on the World Trade Center, most cellular networks were not functioning, but the 
iDEN- based direct connect service, provided by the Nextel, suffered no down time (PC World 2004).   
140 Users of the commercial TRS service are mostly business users in utility, transportation, medical, security 
industries, and even many government agencies that do not have their own autonomous networks. Direct 
communication with them may substantially improve disaster response capabilities. 
141 This may impair fair competition among commercial service providers. However, the nationwide commercial 
TRS service market of Korea seems to be a natural monopoly market. The Korea Telecom Powertel (that used to 
be a public corporation until recently) is the only nationwide TRS service provider (accounting for more than 
90% of the TRS market), but makes little profit. 
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assessment and management is needed to balance the trade-off between risk and return. 

Table VI-2. Comparison of TETRA and iDEN systems in the Korean Situations  
 Autonomous TETRA-based network Shared iDEN-based network 

Functional
capability 

The strongest capabilities of responding 
disasters (refer to Table VI-1) 

A little weaker capabilities of 
responding disasters 

Reliability The most reliable  Higher risk of failure during catastrophe 
due to overcrowding traffic 

Openness Open standard Proprietary standard 
Capacity sharing 

with existing 
networks142

The TETRA-based network of the 
Police has already covered the five 
biggest metropolitan cities 

The iDEN-based network of the private 
sector has already covered over 45% of 
the national territory and undergrounds 

Terminal cost  Twice as expensive as VHF terminal  The same as VHF terminal 

The optimal scope of the consolidation needs to be reconsidered. Although the preliminary 

feasibility study concludes that 44 agencies can share the TRS network, the required service levels 

are quite heterogeneous among them. Consolidation allows for economy of scale, but 

consolidation into a standard that meets the most demanding users among all the participating 

agencies has to force agencies with low technology requirements to procure unnecessarily 

expensive products. The police have the most sophisticated technical requirements, and are 

already building TETRA-based networks in five metropolitan cities. Agencies with medium 

technical needs include the Ministry of Defense, the fire forces, the Coastal Guard, and provincial 

governments which originally planned subscription to iDEN-based commercial services. 

Technological needs of most other agencies are even lower, and are satisfied with existing 

UHF/VHF-based networks. Moreover, public safety is not a primary mission for many of them, 

but they are forced to join the consolidated TETRA network not because of their own benefits but 

because of network externalities for public safety. This may cause conflicts in cost sharing143.

Most importantly, it needs to be decided whether seven subway corporations have to replace 

                                                
142 In metropolitan areas, network capacities are fully used, so the increase of communication traffic requires the 
increase of network capacities. On the other hand, in rural, coastal, and underground areas, network capacities 
are only partially used, and the increased traffic for public safety agencies can use the idle capacities without 
requiring any increase of network capacities. 
143 Although NEMA plans to fund the fixed costs for terrestrial (but not underground) infrastructure, the NEMA 
asks individual agencies to partially or fully fund the variable costs for user terminals.  



125

their legacy systems with a TETRA-based network. The subway corporations cannot use the 

network infrastructure built over the ground, but need to build separate underground network 

infrastructure to serve just a few thousands of their workers. On the other hand, iDEN-based 

networks have been built along the major subway lines for subscribers in the private sectors. The 

preliminary feasibility study recommended, without examining the associated costs and benefits 

of underground infrastructure, that seven public subway corporations join the consolidated 

network. A recent procurement of a TETRA-based network for a new small (18 kilometer long) 

subway line in Pusan city indicates that the costs of replacing the entire subway lines (405 

kilometers) can be substantial (refer to Appendix D-7).   

Chapter 5 examined the uncertainties associated with cross-agency interdependencies, inter-

agency operational effectiveness, evolving demands and technology progress, and all of them 

apply to this case. Particularly, due to the long practice of hierarchical command-and-control in 

disaster response activities, the Korean government is likely to have weak inter-organizational 

capabilities for horizontal collaborations. Most of all, the preliminary feasibility study neglected 

short technology cycles against long operations lifecycle. Network investment tends to be the 

development of transitional systems to bridge between the legacy and the next-generation 

technologies. While the legacy technology (VHF/UHF) is still used, next-generation wireless 

broadband technologies are about to emerge. As technology has become mature, the risk of 

emerging technology that the U.K. Airwave had to cope with in late 1990s is substantially 

reduced. However, Korea’s consolidation plan that starts in the mid-2000s faces risk from the 

potentially short life span of the TETRA technology. The voice-oriented public safety networks 

will be replaced when the next generation broadband wireless networks are needed to meet the 

growing demands of high-traffic data and multimedia communication. The optimal switch timing 

to a next-generation communication network will be decided by comparing the values of the 

conjoint sets of platforms and applications144. This life-cycle risk needs to be seriously considered 

because the Korean government is eager to build the first nationwide next generation broadband 

convergence network in the world. 

                                                
144 Kogut and Kulatilaka (2001) point out that modular framework (Baldwin and Clark 2000) cannot be applied 
when underlying architecture and platforms are switched into new incompatible ones.  
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3. Identifying Uncertainties and Exploratory Modeling 

Overview 

While the preliminary feasibility study identified several uncertainty factors and emphasized 

the importance of risk management, it did not incorporate such risk factors into investment 

decision models. This study aims to overcome these limitations by designing adaptive strategies. 

As shown in Figure III-7, analysts can search for a robust strategy by iteratively hypothesizing 

about new strategies and testing them against a wide range of plausible future states. This study 

will examine the alternatives of sharing the iDen-based commercial network (public-private 

partnership) or of developing a TETRA-based autonomous network. Faced with technical, market 

and organizational uncertainties, this study seeks to develop adaptive investment strategies that 

react to future contingencies by flexibly adjusting technology standards, implementation method 

and project scopes. Exploratory modeling will generate the net present values of a number of 

flexible incremental investments against a wide range of parameters for exogenous and 

endogenous factors such as technology progress, inter-agency operational effectiveness, and 

public-private partnership, and search for robust strategies against these critical uncertainty factors. 

Table VI-3 summarizes the key XLRM elements of this chapter. 

Table VI-3. Key Factors used to Construct Ensembles of Scenarios 

(X) Exogenous Uncertainties

 Progress of wireless broadband technology 

 Growths of data communication demands 

 Technical risk of sharing commercial networks 

(R) Relationships Between Factors   

 Inter-agency operational effectiveness  

 Cross-agency interdependencies 

 Benefits of public-private collaborations 

(L) Policy Levers

 Pre-commitment to a consolidated TETRA network  

 Flexible and adaptive investment strategies  

(M) Measures for Ranking Scenarios

 Regret (parametric modeling) 

 Real option value (probabilistic modeling) 

Exogenous Uncertainties (X) and Relations (R) 

There can be many sources of uncertainties. For instance, climate change and evolving public 

awareness may change the frequencies and magnitudes of disasters in the future, and hence affect 

the expected values of a consolidated network. However, the nature of disasters tends to evolve 
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slowly over decades, and their structural changes are very unlikely to be identified within the 

three-year investment life cycle. This study focuses on the uncertainties that can be resolved 

through experimentation so that adaptive strategies can make more informed investment decisions. 

This study recommends that NEMA should manage three strategic uncertainties that are 

associated with inter-agency operational effectiveness, the life span of the infrastructure, and the 

effectiveness of public-private partnerships. 

Table VI-4 shows the expected disaster mitigation benefit generated from the TETRA-based 

terrestrial network and its confidence intervals. Kulatilaka, Balasubramanian and Storck (1999) 

suggest that technology, process and organization are three important operational drivers. Then, 

the key operational drivers for cross-agency disaster response activities will be the TRS-based 

consolidated wireless network, revised standard operating procedures, and collaborations among 

44 agencies. Only when all three drivers are effectively implemented, can disaster response 

actually be improved. The preliminary feasibility study required NEMA to revise standard 

operating procedures145 to allow and promote inter-agency horizontal collaborations before 

investing in a consolidated network. Once technology and process are ready, the most critical yet 

uncertain determinant of the disaster mitigation effect will be the actual and effective inter-agency 

collaborative operation of the consolidated wireless network guided by revised standard operating 

procedures. The substantial variance in mitigation effects mainly results from this uncertainty in 

inter-agency operational effectiveness. 

Table VI-4. Confidence Interval of Annual Benefits146 (Source: Tcha et al 2004)

μ-3 μ-2 μ-1 μ μ+1 μ+2 μ+3

82.9

(Unit: KRW Billion)

4.9 17.9 30.9 43.9 56.9 69.9

                                                
145 The current standard operating procedures are based on hierarchical command and control, not allowing 
spontaneous horizontal collaborations across the lines of command. 
146 This estimate of annual benefit is derived from the survey of rough guesses from diverse experts about the 
mitigation effects gained from the TETRA-based consolidated infrastructure. Given time and budget limits of the 
preliminary feasibility study, the expert-opinion method was the only viable approach, but it should be noted that 
there are substantial variances in expert opinions. More intensive analysis of disaster response processes (e.g. 
business process reengineering study) will improve the accuracy of the estimation, but nonetheless, uncertainties 
associated with inter-agency operational effectiveness cannot be resolved without actual implementation. 
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Table VI-5 shows the present value of the proposed terrestrial TETRA-based infrastructure 

that will be replaced by a next-generation infrastructure sometime in the future147. The expected 

year of the replacement is 2015, so the expected life span of a new TRS network is 10 years (from 

2005 to 2014)148. This study will simulate diverging life spans that will range between 6 and 14 

years (refer to Appendix D-8).  

Table VI-5. Present Values by Year of Replacement149

(Unit: KRW Million)

Year of
Replacement

Annual
Benefit

Adjustment
factor Discount rate Discounted

Cash Flows
Present
Values

2005 43,900 0.2 0.930 8,167
2006 43,900 0.3 0.865 11,396
2007 43,900 1 0.805 35,338
2008 43,900 1 0.749 32,872
2009 43,900 1 0.697 30,579
2010 43,900 1 0.648 28,446 146,798
2011 43,900 1 0.603 26,461 173,259
2012 43,900 1 0.561 24,615 197,874
2013 43,900 1 0.522 22,898 220,772
2014 43,900 1 0.485 21,300 242,072
2015 43,900 1 0.451 19,814 261,886
2016 43,900 1 0.420 18,432 280,317
2017 43,900 1 0.391 17,146 297,463
2018 43,900 1 0.363 15,949 313,412

Uncertainty associated with public private partnership (i.e. sharing the existing commercial 

networks) is also critical. Sharing the commercial network may turn out to be very unreliable and 

                                                
147 One may suspect that the establishment of the TRS network will expedite or impede the development of 
(ubiquitous) disaster information services and hence the growth of data communications. On one hand, its data 
communicating capabilities can encourage investment in mobile disaster information services. On the other 
hand, huge investment in the TRS network may displace other investments in disaster information systems, 
given budget constraints. This study does not assume that the establishment of the TRS network will expedite 
nor delay the growth of data traffic and hence the arrival of next-generation wireless broadband networks. 
148 If iDEN services are outsourced, an outsourcing contract can be made either over a firmly fixed or a 
somewhat flexible term. A flexible term contract transfers a life-cycle risk to the private firm, but the private 
firm may accept it because financial returns associated with the life-cycle risk of the iDEN-based network will 
be negatively correlated with the wireless communication market (and hence reducing their market risks). 
Nonetheless, this exercise only cares about social economic costs, as opposed to government accounting costs. 
149 Adjustment factors are derived from the penetration rates of user terminals to the total public safety workers. 
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insecure during catastrophe. A priority access function is designed to solve such problems, but it 

is not fully tested in actual situations. Nevertheless, the iDEN technology is expected to be at least 

superior to the VHF/UHF technology which is estimated to provide 39 percent of the value that 

TETRA can provide (Tcha et al. 2004). The benefits generated from communications between 

public and private sectors are also highly unpredictable. Therefore, the range of estimated benefits 

from public private partnership (sharing the iDEN-based services) is much wider than the range of 

benefits from a TETRA-based autonomous public networks. This study will test three parameters 

for the iDEN-based network – 50 percent, 80 percent and 110 percent of the benefits that the 

TETRA-based autonomous network is expected to provide (see Figure VI-1). 

Figure VI-1. Benefit Range of the iDen-based Network Compared to the TETRA-based Network 

50 percent (the worst scenario): unreliability and insecurity during catastrophes

80 percent (the most like scenario): a little weaker functionalities than those of TETRA

110 percent (the best scenario): promotion of public-private collaboration and TRS industry 

Exploratory Analysis of Benefits and Costs 

This study estimates net present values (NPV) by discounting the values in FY 2003 constant 

prices at 7.5 percent150. The economic NPVs for the society (as opposed to the accounting NPVs 

for the governments) are estimated, taking advantage of parametric exploratory analysis. 

This study includes the analysis of an underground network that the preliminary feasibility 

study omitted, and determines the scope of investments in terms of geographical areas rather than 

organizational boundaries. It examines three different geographic scopes – metropolitan terrestrial 

areas (i.e. five biggest cities), nationwide terrestrial area, and metropolitan underground area. This 

study has revised the original cost plans made by Tcha et al. to include the costs for underground 

infrastructure, and structured the entire investment in three stages.  

Because of the impending narrowband mandates, government must renovate existing 

networks unless it replaces them with a new consolidated network. Appendix D-3 shows the 

                                                
150 The official real social discount rate of the Korean government as of FY 2004 is 7.5 percent (Kim 2001).  
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revised baseline life-cycle costs of the do-the-minimum strategy (i.e. renovating the terrestrial 

legacy infrastructure). Appendix D-4 and D-5 show the revised life-cycle costs151 of terrestrial 

TETRA and iDEN infrastructure152 that are structured to be developed over two years. The net 

project costs of each alternative will be defined as the incremental costs above the baseline costs. 

These costs are economic costs to the society, as opposed to accounting costs to the government153.

Figure VI-2 shows the net present values derived from investments in a TETRA-based 

terrestrial network and investments in an iDEN-based terrestrial network. These net present values 

are computed across 75 scenarios derived from combinations of five parameters of the inter-

agency collaboration effectiveness, five parameters of the life spans, and three parameters of 

public-private partnership effectiveness associated with sharing the iDEN-based commercial 

network. The net present values of the do-the-minimum strategy are set to be zero across all the 

scenarios. Figure VI-3 shows the best alternative for each scenario and their net present values.  

Figure VI-2. Net Present Values generated from the Terrestrial Network Investments 

TETRA Improved Effectiveness of Inter-agency Collaborations iDEN Improved Effectiveness of Inter-agency Collaborations
TETRA Life span μ-2 μ-1 μ μ+1 μ+2 iDEN Life span μ-2 μ-1 μ μ+1 μ+2

2010 -68,936 -25,465 18,006 61,478 104,949 2010 -43,480 -21,745 -9 21,726 43,462
2012 -65,013 -6,417 52,179 110,775 169,371 2012 -38,226 -8,928 20,370 49,668 78,966

100% 2014 -71,751 -66 71,618 143,302 214,986 50% 2014 -33,679 2,163 38,005 73,847 109,689
2016 -61,680 21,330 104,340 187,349 270,359 2016 -29,745 11,760 53,265 94,770 136,274
2018 -52,858 39,953 132,763 225,573 318,383 2018 -26,340 20,065 66,470 112,875 159,280

2010 -25,523 9,254 44,030 78,807 113,584
(Unit: KRW Million) 2012 -14,021 32,856 79,733 126,609 173,486

80% 2014 -4,068 53,279 110,626 167,974 225,321
<-100,000< < -50,000< < 0 ) 2016 4,545 70,952 137,360 203,768 270,175

2018 11,997 86,245 160,493 234,741 308,990
2010 -7,566 40,252 88,070 135,888 183,706
2012 10,184 74,639 139,095 203,550 268,006

110% 2014 25,543 104,395 183,248 262,100 340,953
2016 38,834 130,145 221,455 312,766 404,076
2018 50,335 152,426 254,517 356,608 458,699

                                                
151 Cost overrun is also a possible risk, but this study will not model cost uncertainty. Because both TETRA and 
iDEN networks have been built in Korea (although in small scale by a single agency for TETRA), its project 
costs are likely to vary within a narrow range.  
152 While the TETRA-based network can share the newly built Police networks (five public switches and 108 
fixed base stations) in metropolitan areas, the iDEN-based network can share the existing commercial networks 
built in the non-metropolitan areas. To avoid the system failure due to overcrowding traffic by private sectors, 
this study assumes that the iDEN-based commercial network is not shared in metropolitan areas, but autonomous 
network is built exclusively for public safety agencies (hence assigning higher costs in metropolitan areas). 
153 Sunk cost is normally not included in the cost-benefit analysis. Hence, if public agencies use the existing idle 
capacity of commercial services in sparsely populated areas, the cost of these idle capacities should not be 
included. Nonetheless, this study includes these costs to get conservative NPV estimates. If these costs are 
excluded, the NPV of sharing the iDEN-based commercial services becomes even higher. 



131

Figure VI-3. Net Present Values of the Best Alternatives for the Terrestrial Network Investments 
(Unit: KRW Million)

Best Alternative Improved Effectiveness of Inter-agency Collaborations Best values Improved Effectiveness of Inter-agency Collaborations
iDEN Life span μ-2 μ-1 μ μ+1 μ+2 iDEN Life span μ-2 μ-1 μ μ+1 μ+2

2010 Legacy Legacy TETRA TETRA TETRA 2010 0 0 18,006 61,478 104,949
2012 Legacy Legacy TETRA TETRA TETRA 2012 0 0 52,179 110,775 169,371

50% 2014 Legacy iDEN TETRA TETRA TETRA 50% 2014 0 2,163 71,618 143,302 214,986
2016 Legacy TETRA TETRA TETRA TETRA 2016 0 21,330 104,340 187,349 270,359
2018 Legacy TETRA TETRA TETRA TETRA 2018 0 39,953 132,763 225,573 318,383
2010 Legacy iDEN iDEN iDEN iDEN 2010 0 9,254 44,030 78,807 113,584
2012 Legacy iDEN iDEN iDEN iDEN 2012 0 32,856 79,733 126,609 173,486

80% 2014 Legacy iDEN iDEN iDEN iDEN 80% 2014 0 53,279 110,626 167,974 225,321
2016 iDEN iDEN iDEN iDEN TETRA 2016 4,545 70,952 137,360 203,768 270,359
2018 iDEN iDEN iDEN iDEN TETRA 2018 11,997 86,245 160,493 234,741 318,383
2010 Legacy iDEN iDEN iDEN iDEN 2010 0 40,252 88,070 135,888 183,706
2012 iDEN iDEN iDEN iDEN iDEN 2012 10,184 74,639 139,095 203,550 268,006

110% 2014 iDEN iDEN iDEN iDEN iDEN 110% 2014 25,543 104,395 183,248 262,100 340,953
2016 iDEN iDEN iDEN iDEN iDEN 2016 38,834 130,145 221,455 312,766 404,076
2018 iDEN iDEN iDEN iDEN iDEN 2018 50,335 152,426 254,517 356,608 458,699

(The net present values of the do-minimum alternative (maintaining the legacy networks) are set to be zero)

The preliminary feasibility study also did not explicitly estimate the benefits and costs 

associated with underground infrastructure. The benefits from underground networks are not 

likely to be more than five percent of the annual benefits generated from the terrestrial 

infrastructure154. Appendix D-7 shows the life-cycle costs of the underground infrastructure. For 

sharing the iDEN-based network with the private sectors, this study assumes that 40 percent of 

underground infrastructure cost is assigned to the governments155. Underground networks can be 

built on a standard different from the standard adopted by terrestrial networks, but network 

benefits will be higher when the same standards have been adopted. Based on the assumptions we 

have stated, the plausible net present values generated from underground networks are shown in 

Figure VI-4. Within this range of benefits (no more than five percent of the benefits that the 

terrestrial networks provides), the TETRA-based underground network never pays. Sharing the 

iDEN-based network pays over a wide scenario space.  

                                                
154 The average loss of human lives (1998-2002) from the Seoul metropolitan subway which accounts for 86 
percent of total subway passengers and 70 percent of total subway infrastructure is 28 deaths per year. Mitigation 
effect for overall transportation disaster is surveyed as 0.5 percent. So, annual benefit is estimated as just KRW 
70 million (0.2 percent of the benefits which the terrestrial infrastructure provides). Although there can be rare 
but extreme disasters like the Daegu subway accident, expert opinions vary about the mitigation effect of a 
consolidated network in such extreme cases. On the other hand, in addition to the public safety-related benefits, 
there can be benefits from improved subway operations. 
155 About a thousand subway employees will share the network with a large number of general subscribers. 
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Figure VI-4. Net Present Values of the Underground Network Investment (Unit: KRW Million)

5% of terrestrial benefit and 100% of cost assigned to NEMA 5% of terrestrial benefit and 40% of cost assigned to NEMA
Improved Effectiveness of Inter-agency Collaborations Improved Effectiveness of Inter-agency Collaborations

TETRA Life span μ-2 μ-1 μ μ+1 μ+2 iDEN Life span μ-2 μ-1 μ μ+1 μ+2
100% 2010 -83,043 -81,160 -79,276 -77,392 -75,508 50% 2010 -1,878 -936 6 948 1,890

2014 -99,168 -95,874 -92,579 -89,285 -85,990 2014 -2,792 -1,145 502 2,150 3,797
2018 -109,754 -105,403 -101,052 -96,701 -92,350 2018 -2,586 -411 1,765 3,940 6,116

80% 2010 -1,100 407 1,915 3,422 4,929
(Unit: KRW Million) 2014 -1,431 1,204 3,840 6,476 9,111

2018 -789 2,692 6,172 9,653 13,134
<-100,000< < -50,000< < 0 ) 110% 2010 -321 1,751 3,823 5,895 7,968

2014 -70 3,554 7,178 10,802 14,425
2018 1,008 5,794 10,580 15,366 20,152

3% of terrestrial benefit and 40% of cost assigned to NEMA 2% of terrestrial benefit and 40% of cost assigned to NEMA
Improved Effectiveness of Inter-agency Collaborations Improved Effectiveness of Inter-agency Collaborations

iDEN Life span μ-2 μ-1 μ μ+1 μ+2 iDEN Life span μ-2 μ-1 μ μ+1 μ+2
50% 2010 -2,397 -1,831 -1,266 -701 -136 50% 2010 -2,656 -2,279 -1,902 -1,526 -1,149

2014 -3,700 -2,711 -1,723 -734 254 2014 -4,153 -3,494 -2,835 -2,176 -1,518
2018 -3,784 -2,479 -1,174 132 1,437 2018 -4,383 -3,513 -2,643 -1,773 -903

80% 2010 -1,930 -1,025 -121 783 1,687 80% 2010 -2,345 -1,742 -1,139 -536 67
2014 -2,883 -1,302 280 1,861 3,443 2014 -3,609 -2,555 -1,500 -446 608
2018 -2,706 -617 1,471 3,559 5,648 2018 -3,664 -2,272 -880 512 1,905

110% 2010 -1,463 -219 1,024 2,267 3,511 110% 2010 -2,033 -1,205 -376 453 1,282
2014 -2,066 108 2,282 4,457 6,631 2014 -3,064 -1,615 -165 1,284 2,734
2018 -1,628 1,244 4,116 6,987 9,859 2018 -2,946 -1,031 883 2,798 4,712

This study assumes that the benefits generated from an underground TRS network are equal to 

three percent of the benefits generated from a terrestrial network. Figure VI-5 shows the net 

present values generated from 3 year investments that include the benefits and costs of 

underground infrastructure. The net present values of the pre-committed investment in a TETRA-

based consolidated network are negative for over half of the scenario space, and smaller than 

those of an iDEN-based consolidated network for most of the scenario space. 

Figure VI-5. Net Present Values derived from Pre-committed Investments over 3 Years  
TETRA precommitmentImproved Effectiveness of Inter-agency Collaborations iDEN precommitment Improved Effectiveness of Inter-agency Collaborations

TETRA Life span μ-2 μ-1 μ μ+1 μ+2 iDEN Life span μ-2 μ-1 μ μ+1 μ+2
2010 -153,017 -108,415 -63,814 -19,213 60,618 2010 -45,877 -23,576 -1,275 21,025 43,326
2012 -157,318 -97,138 -36,958 23,222 89,875 2012 -40,848 -10,758 19,333 49,423 79,513

100% 2014 -172,734 -99,073 -25,412 48,249 121,910 50% 2014 -37,379 -548 36,282 73,112 109,943
2016 -168,653 -83,327 1,999 87,325 189,141 2016 -33,492 9,171 51,834 94,497 137,160
2018 -165,007 -69,587 25,834 121,254 273,945 2018 -30,125 17,586 65,296 113,006 160,717

2010 -27,453 8,228 43,909 79,590 115,271
(Unit: KRW Million) 2012 -15,989 32,156 80,300 128,444 176,588

80% 2014 -6,951 51,978 110,906 169,835 228,763
<-100,000< < -50,000< < 0 ) 2016 1,754 70,015 138,276 206,537 274,798

2018 9,291 85,628 161,964 238,301 314,637
2010 -9,029 40,032 89,094 138,155 187,217
2012 8,870 75,069 141,267 207,465 273,663

110% 2014 23,476 104,503 185,530 266,557 347,584
2016 37,000 130,859 224,718 318,577 412,435
2018 48,708 153,670 258,633 363,595 468,558
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4.  Adaptive Investment Strategies Designed using Exploratory Modeling 

Adaptive Investment Strategy (L) Designed with the Aid of Exploratory Modeling  

Robust strategies are often adaptive strategies that flexibly modify investment plans to adjust 

to new information that emerges over time, instead of pre-commitment to a fixed investment plan. 

This study will illustrate how adaptive investment strategy can be designed with the aids of 

exploratory modeling and real option analysis. This study will design a sequential three-stage 

adaptive investment model156 that starts in the highest pay-off area and then makes investment 

decisions about whether to expand (or redirect standard options) to lower pay-off areas, based on 

new information about previous-stage performance and updated prospects of technology and 

services demands. Infrastructure in the metropolitan terrestrial area generates the highest 

benefit/cost ratio, and infrastructure in underground area generates the lowest benefit/cost ratio. 

The first stage decision is about (pilot) investment in the five biggest metropolitan areas of Korea. 

The second stage decision is about investment in the nationwide terrestrial network. The third 

stage decision is about investment in the underground network. 

At each stage of sequential investments, NEMA can choose among three alternatives: 

expanding network using the same TRS standard, switching to a different network based on 

another TRS standard, or abandoning the TRS-based network and returning to the legacy network. 

Because of network effects and switching costs, investment decisions in the current stage are 

path-dependent, that is, affected by past decisions as well as future expectations. For instance, a 

standard chosen in the first stage may be switched to a different standard for the nation-wide 

coverage, but the switch will result in redundant investment in two systems in the metropolitan 

areas157 158. Exploratory modeling or real option analysis generates all the plausible paths of 

flexible incremental investments over three stages and test them against a wide range of future 

states. This will help managers identify a choice of opening standard in the first stage that will 

                                                
156 For real option analysis, this is a sequential compound option that includes expanding and switching option. 
157 Redundancy may increase the survivability of networks, but this study does not consider these effects.  
158 The earlier stage choice of a standard will be made in the presence of larger uncertainties. After baseline 
implementations, we have better information about its effectiveness. We may realize, in retrospect, that another 
standard should have been implemented. However, unless the net benefits from building a new network from 
scratch exceed the benefits of expanding the existing network, we’d better not switch. Recognizing the 
significance of past investments (sunk costs) is not equivalent to making the sunk-cost fallacy 
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lead to the most robust long-term outcomes and design a roadmap about when to expand, switch, 

or abandon network platforms over the investment life-cycle. 

While Appendix D-3, D-4 and D-5 show the life-cycle costs for network expansion based on 

the same standard, Appendix D-6 shows the life-cycle costs for switching plans in which the 

standard chosen for the first-year pilot test is either switched to another standard in the second-

year nationwide implementation or else the second-year nationwide expansion is abandoned. The 

upper portion of Table VI-6 summarizes Appendix D-3, D-4, D-5 and D-6, and shows the present 

value costs of various adaptive investment plans. The net project costs and benefits of each 

alternative are defined as the incremental costs and benefits above the costs and benefits of the 

baseline alternative (shown in the lower portions of Table VI-6). 

Table VI-6. Present Value of Incremental Costs and Benefits from Various Investment Plans 
(Unit: KRW Million)

End
Year

Baseline
(Legacy)

TETRA
>TETRA

TETRA
>iDEN

TETRA
>Legacy

iDEN
>iDEN

iDEN
>TETRA

iDEN
>Legacy Baseline TETRA iDEN

Present 2010 194,674 323,466 298,513 229,839 268,082 357,912 226,320 68,199 153,837 71,374
Value of 2012 225,732 371,426 335,898 268,343 304,298 407,097 259,210 73,896 168,383 77,608

Costs 2014 294,765 465,219 410,406 339,932 377,796 501,949 329,828 78,789 182,494 83,849
2016 298,667 474,644 419,045 345,732 385,561 512,291 335,102 83,116 193,279 88,458
2018 301,695 482,345 426,172 350,382 391,931 520,785 339,317 86,861 202,606 92,443

Present 2010 0 128,792 103,840 35,165 73,408 163,238 31,647 0 85,637 3,175
Value of 2012 0 145,695 110,166 42,612 78,567 181,365 33,478 0 94,487 3,712

Incremental 2014 0 170,454 115,641 45,168 83,031 207,184 35,064 0 103,705 5,060
Costs 2016 0 175,978 120,378 47,066 86,894 213,625 36,435 0 110,163 5,342

2018 0 180,650 124,478 48,688 90,236 219,090 37,622 0 115,744 5,581

Present 2010 0 146,798 124,617 41,212 117,439 144,519 32,970 0 3,817 3,054
Value of 2012 0 197,874 167,521 51,427 158,299 195,595 41,142 0 5,349 4,279

Incremental 2014 0 242,072 204,647 60,267 193,657 239,792 48,213 0 6,675 5,340
Benefits 2016 0 280,317 236,773 67,916 224,254 278,038 54,333 0 7,823 6,258

2018 0 313,412 264,573 74,535 250,730 311,133 59,628 0 8,815 7,052

Terrestrial Network (1st Yr: Metropolitan areas > 2nd Yr: Nationwide) Underground Network (3rd Yr)

(Sources: Data derived from Appendix D-3 to D-7 with 7.5% as a social discount rate) 

To illustrate the design of adaptive investment plans, Figure VI-6 shows the derivation of the 

second stage investment decision based on the first stage decision about a choice between TETRA 

and iDEN. The operation of a TRS network in the first year will provide better information about 

future states. Three subsequent paths can evolve in the second year, and by comparing the pay-

offs of three paths for each future state, adaptive investment choices can be identified.  



135

Figure VI-6. Derivation of Adaptive Investment Values in Terrestrial Networks (1st  2nd Year) 
(Unit: KRW Million)

TETRA > TETRA Improved Effectiveness of Inter-agency Collaborations TETRA > Legacy Improved Effectiveness of Inter-agency Collaborations
TETRA Life span μ-2 μ-1 μ μ+1 μ+2 TETRA Life span μ-2 μ-1 μ μ+1 μ+2

2010 -68,936 -25,465 18,006 61,478 104,949 2010 -18,361 -6,157 6,047 18,251 30,455
2012 -65,013 -6,417 52,179 110,775 169,371 2012 -21,643 -6,414 8,815 24,044 39,273

100% 2014 -71,751 -66 71,618 143,302 214,986 100% 2014 -20,594 -2,748 15,099 32,946 50,792
2016 -61,680 21,330 104,340 187,349 270,359 2016 -19,373 738 20,850 40,962 61,074
2018 -52,858 39,953 132,763 225,573 318,383 2018 -18,296 3,775 25,847 47,919 69,991

TETRA > iDEN Improved Effectiveness of Inter-agency Collaborations TETRA > Adaptive Improved Effectiveness of Inter-agency Collaborations
iDEN Life span μ-2 μ-1 μ μ+1 μ+2 iDEN Life span μ-2 μ-1 μ μ+1 μ+2

2010 -66,594 -39,544 -12,494 14,556 41,606 2010 -18,361 -6,157 18,006 61,478 104,949
2012 -60,425 -24,300 11,825 47,950 84,075 2012 -21,643 -6,414 52,179 110,775 169,371

50% 2014 -55,087 -11,109 32,869 76,847 120,825 50% 2014 -20,594 -66 71,618 143,302 214,986
2016 -50,467 306 51,079 101,852 152,626 2016 -19,373 21,330 104,340 187,349 270,359
2018 -46,470 10,183 66,837 123,490 180,144 2018 -18,296 39,953 132,763 225,573 318,383
2010 -53,028 -16,125 20,778 57,680 94,583 2010 -18,361 -6,157 20,778 61,478 104,949
2012 -41,860 7,747 57,355 106,963 156,570 2012 -21,643 7,747 57,355 110,775 169,371

80% 2014 -32,197 28,404 89,006 149,608 210,209 80% 2014 -20,594 28,404 89,006 149,608 214,986
2016 -23,835 46,280 116,395 186,510 256,625 2016 -19,373 46,280 116,395 187,349 270,359
2018 -16,599 61,748 140,095 218,443 296,790 2018 -16,599 61,748 140,095 225,573 318,383
2010 -38,331 9,246 56,822 104,398 151,974 2010 -18,361 9,246 56,822 104,398 151,974
2012 -21,749 42,465 106,679 170,892 235,106 2012 -21,643 42,465 106,679 170,892 235,106

110% 2014 -7,400 71,211 149,821 228,432 307,043 110% 2014 -7,400 71,211 149,821 228,432 307,043
2016 5,016 96,085 187,154 278,223 369,292 2016 5,016 96,085 187,154 278,223 369,292
2018 15,761 117,610 219,459 321,308 423,158 2018 15,761 117,610 219,459 321,308 423,158

iDEN > iDEN Improved Effectiveness of Inter-agency Collaborations iDEN >TETRA Improved Effectiveness of Inter-agency Collaborations
iDEN Life span μ-2 μ-1 μ μ+1 μ+2 iDEN Life span μ-2 μ-1 μ μ+1 μ+2

2010 -43,480 -21,745 -9 21,726 43,462 2010 -107,466 -63,995 -20,524 22,947 66,418
2012 -38,226 -8,928 20,370 49,668 78,966 2012 -104,767 -46,171 12,425 71,021 129,617

50% 2014 -33,679 2,163 38,005 73,847 109,689 50% 2014 -112,564 -40,880 30,804 102,488 174,172
2016 -29,745 11,760 53,265 94,770 136,274 2016 -103,410 -20,401 62,609 145,619 228,628
2018 -26,340 20,065 66,470 112,875 159,280 2018 -95,381 -2,571 90,239 183,049 275,859
2010 -25,523 9,254 44,030 78,807 113,584 2010 -105,661 -62,190 -18,719 24,752 68,223
2012 -14,021 32,856 79,733 126,609 173,486 2012 -102,963 -44,367 14,229 72,825 131,421

80% 2014 -4,068 53,279 110,626 167,974 225,321 80% 2014 -110,760 -39,076 32,608 104,292 175,976
2016 4,545 70,952 137,360 203,768 270,175 2016 -101,606 -18,596 64,413 147,423 230,433
2018 11,997 86,245 160,493 234,741 308,990 2018 -93,577 -767 92,043 184,853 277,663
2010 -7,566 40,252 88,070 135,888 183,706 2010 -101,919 -57,385 -12,851 31,683 76,217
2012 10,184 74,639 139,095 203,550 268,006 2012 -98,803 -38,842 21,120 81,081 141,042

110% 2014 25,543 104,395 183,248 262,100 340,953 110% 2014 -106,240 -32,929 40,382 113,694 187,005
2016 38,834 130,145 221,455 312,766 404,076 2016 -96,774 -11,911 72,952 157,816 242,679
2018 50,335 152,426 254,517 356,608 458,699 2018 -88,475 6,384 101,244 196,104 290,964

iDEN > Legacy Improved Effectiveness of Inter-agency Collaborations iDEN >Adaptive Improved Effectiveness of Inter-agency Collaborations
iDEN Life span μ-2 μ-1 μ μ+1 μ+2 iDEN Life span μ-2 μ-1 μ μ+1 μ+2

2010 -23,245 -17,143 -11,041 -4,939 1,163 2010 -23,245 -17,143 -9 22,947 66,418
2012 -22,994 -15,379 -7,765 -150 7,464 2012 -22,994 -8,928 20,370 71,021 129,617

50% 2014 -22,777 -13,854 -4,930 3,993 12,916 50% 2014 -22,777 2,163 38,005 102,488 174,172
2016 -22,589 -12,533 -2,478 7,578 17,634 2016 -22,589 11,760 62,609 145,619 228,628
2018 -22,427 -11,391 -355 10,681 21,717 2018 -22,427 20,065 90,239 183,049 275,859
2010 -18,203 -8,440 1,323 11,086 20,849 2010 -18,203 9,254 44,030 78,807 113,584
2012 -16,703 -4,520 7,663 19,846 32,030 2012 -14,021 32,856 79,733 126,609 173,486

80% 2014 -15,405 -1,128 13,150 27,427 41,704 80% 2014 -4,068 53,279 110,626 167,974 225,321
2016 -14,282 1,808 17,897 33,987 50,076 2016 4,545 70,952 137,360 203,768 270,175
2018 -13,309 4,348 22,005 39,663 57,320 2018 11,997 86,245 160,493 234,741 308,990
2010 -13,162 262 13,687 27,111 40,535 2010 -7,566 40,252 88,070 135,888 183,706
2012 -10,412 6,340 23,091 39,843 56,595 2012 10,184 74,639 139,095 203,550 268,006

110% 2014 -8,033 11,598 31,230 50,861 70,492 110% 2014 25,543 104,395 183,248 262,100 340,953
2016 -5,974 16,149 38,272 60,395 82,518 2016 38,834 130,145 221,455 312,766 404,076
2018 -4,192 20,087 44,366 68,645 92,924 2018 50,335 152,426 254,517 356,608 458,699
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The third stage investment in an underground network can also be made adaptively. Because 

developing a TETRA-based network never yields a positive net present value in the underground 

area, either sharing the iDEN-based network or renovating the legacy network will be chosen. If 

the terrestrial and underground networks adopt different standards, the benefits generated from an 

underground TRS network are assumed to be two percent (not three percent) of the benefits 

generated from a terrestrial network. Hence, network benefits will be lower if only the TETRA-

based networks are built over the ground. Figure VI-7 shows the net present values of two 

adaptive investment plans that start with either a TETRA-based network or an iDEN-based 

network in the first stage and adaptively evolve over three stages.  

Figure VI-7. Net Present Values derived from Adaptive Investment Plans over Three Stages 
(Unit: KRW Million)

TETRA > Adaptive Improved Effectiveness of Inter-agency Collaborations iDEN > Adaptive Improved Effectiveness of Inter-agency Collaborations
iDEN Life span μ-2 μ-1 μ μ+1 μ+2 iDEN Life span μ-2 μ-1 μ μ+1 μ+2

2010 -18,361 -6,157 18,006 61,478 104,949 2010 -23,245 -17,143 -9 22,947 66,418
2012 -21,643 -6,414 52,179 110,775 169,371 2012 -22,994 -8,928 20,370 71,021 130,163

50% 2014 -20,594 -66 71,618 143,302 214,986 50% 2014 -22,777 2,163 38,005 102,488 174,426
2016 -19,373 21,330 104,340 187,349 270,359 2016 -22,589 11,760 62,609 145,619 229,514
2018 -18,296 39,953 132,763 225,573 318,383 2018 -22,427 20,065 90,239 183,180 277,296
2010 -18,361 -6,157 20,778 61,478 105,015 2010 -18,203 9,254 44,030 79,590 115,271
2012 -21,643 7,747 57,922 110,775 170,202 2012 -14,021 32,856 80,300 128,444 176,588

80% 2014 -20,594 28,404 89,286 151,469 215,594 80% 2014 -4,068 53,279 110,906 169,835 228,763
2016 -19,373 46,280 117,311 189,279 271,660 2016 4,545 70,952 138,276 206,537 274,798
2018 -16,599 61,748 141,566 226,085 320,287 2018 11,997 86,245 161,964 238,301 314,637
2010 -18,361 9,246 57,846 106,665 155,485 2010 -7,566 40,252 89,094 138,155 187,217
2012 -21,643 42,894 108,851 174,807 240,763 2012 10,184 75,069 141,267 207,465 273,663

110% 2014 -7,400 71,319 152,104 232,889 313,674 110% 2014 25,543 104,503 185,530 266,557 347,584
2016 5,016 96,800 190,417 284,034 377,650 2016 38,834 130,859 224,718 318,577 412,435
2018 15,761 118,854 223,575 328,295 433,016 2018 50,335 153,670 258,633 363,595 468,558

Measures (M) of Robustness 

To evaluate the robustness of alternative investment strategies, this study will measure regret. 

Regret is defined as the difference between the performance of a strategy and that of what would 

have been the best performing strategy in that same future scenario (Lempert, Popper and Bankes 

2003)159. A robust strategy is quantitatively defined as one with small regret over a wide range of 

plausible futures. Figure VI-8 shows the regrets of four investment strategies and finds that the 

adaptive strategies substantially reduce the regrets, compared with the pre-commitment strategies. 

The comparison of the adaptive strategies starting with a TETRA-based network and an iDEN-
                                                
159 The regret of strategy j in future f using values m is given as (Lempert, Popper and Bankes 2003):  

Regretm(j,f) = Maxj [Performancem(j ,f)] – Performancem(j,f) 
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based network shows that the low (50%) effectiveness scenario of sharing the iDEN-based 

commercial network results in the maximum regret for the adaptive strategy starting with an 

iDEN-based network. This confirms the worry of the preliminary feasibility study. On the other 

hand, the adaptive strategy starting with a TETRA-based network results in regrets over the wider 

scenario space than the adaptive strategy starting with an iDEN-based network. Adaptive strategy 

starting with an iDEN-based network is the best-performing strategy over a wide scenario space, 

particularly over more likely scenario space160.

Figure VI-8. Regrets of the Pre-committed and Adaptive Investment Plans 
TETRA precommitmentImproved Effectiveness of Inter-agency Collaborations iDEN precommitment Improved Effectiveness of Inter-agency Collaborations

iDEN Life span μ-2 μ-1 μ μ+1 μ+2 iDEN Life span μ-2 μ-1 μ μ+1 μ+2
2010 -153,017 -108,415 -81,820 -80,690 -44,330 2010 -45,877 -23,576 -19,282 -40,452 -61,623
2012 -157,318 -97,138 -89,138 -87,554 -79,496 2012 -40,848 -10,758 -32,847 -61,353 -89,859

50% 2014 -172,734 -101,236 -97,030 -95,053 -93,076 50% 2014 -37,379 -2,711 -35,336 -70,189 -105,043
2016 -168,653 -104,657 -102,341 -100,024 -81,218 2016 -33,492 -12,159 -52,506 -92,852 -133,199
2018 -165,007 -109,539 -106,929 -104,318 -44,438 2018 -30,125 -22,367 -67,467 -112,566 -157,666
2010 -153,017 -117,669 -107,844 -98,803 -54,653 2010 -27,453 -1,025 -121 0 0
2012 -157,318 -129,994 -117,258 -105,222 -86,712 2012 -15,989 -700 0 0 0

80% 2014 -172,734 -152,352 -136,318 -121,586 -106,854 80% 2014 -6,951 -1,302 0 0 0
2016 -173,198 -154,280 -136,277 -119,212 -85,656 2016 -2,790 -937 0 0 0
2018 -177,005 -155,832 -136,131 -117,047 -46,343 2018 -2,706 -617 0 0 -5,650
2010 -153,017 -148,667 -152,908 -157,368 -126,599 2010 -9,029 -219 0 0 0
2012 -167,502 -172,207 -178,225 -184,243 -183,787 2012 -1,313 0 0 0 0

110% 2014 -198,276 -203,576 -210,942 -218,308 -225,674 110% 2014 -2,066 0 0 0 0
2016 -207,487 -214,186 -222,719 -231,252 -223,294 2016 -1,834 0 0 0 0
2018 -215,343 -223,257 -232,799 -242,341 -194,613 2018 -1,628 0 0 0 0

TETRA > Adaptive Improved Effectiveness of Inter-agency Collaborations iDEN > Adaptive Improved Effectiveness of Inter-agency Collaborations
iDEN Life span μ-2 μ-1 μ μ+1 μ+2 iDEN Life span μ-2 μ-1 μ μ+1 μ+2

2010 -18,361 -6,157 0 0 0 2010 -23,245 -17,143 -18,016 -38,530 -38,530
2012 -21,643 -6,414 0 0 0 2012 -22,994 -8,928 -31,809 -39,754 -39,208

50% 2014 -20,594 -2,229 0 0 0 50% 2014 -22,777 0 -33,613 -40,814 -40,560
2016 -19,373 0 0 0 0 2016 -22,589 -9,570 -41,731 -41,731 -40,845
2018 -18,296 0 0 0 0 2018 -22,427 -19,888 -42,524 -42,392 -41,087
2010 -18,361 -15,411 -23,253 -18,113 -10,256 2010 -18,203 0 0 0 0
2012 -21,643 -25,108 -22,378 -17,668 -6,386 2012 -14,021 0 0 0 0

80% 2014 -20,594 -24,875 -21,620 -18,366 -13,169 80% 2014 -4,068 0 0 0 0
2016 -23,918 -24,672 -20,965 -17,258 -3,138 2016 0 0 0 0 0
2018 -28,597 -24,497 -20,398 -12,216 0 2018 0 0 0 0 -5,650
2010 -18,361 -31,006 -31,248 -31,490 -31,732 2010 -7,566 0 0 0 0
2012 -31,826 -32,174 -32,416 -32,658 -32,900 2012 0 0 0 0 0

110% 2014 -32,943 -33,185 -33,427 -33,669 -33,910 110% 2014 0 0 0 0 0
2016 -33,818 -34,059 -34,301 -34,543 -34,785 2016 0 0 0 0 0
2018 -34,574 -34,816 -35,058 -35,300 -35,542 2018 0 0 0 0 0

<-100,000< < -50,000< < 0 ) (Unit: KRW Million)

                                                
160 Although the parametric exploratory modeling does not assign probabilities, we used the term “the most 
likely scenario” or “the expected value” in the earlier section. This implies that probabilities are not uniformly 
distributed over the scenario space. 
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Since parametric exploratory modeling does not assign probabilities to plausible future states, 

we cannot firmly determine which strategy is more robust and desirable. Even a rough estimate of 

the probability distribution of future states over the scenario space will help identify the most 

likely robust strategy. Once we can assign probabilities to plausible future states, we may apply 

real option analysis to design adaptive investment strategies. Real option values can be adopted as 

another measure of robustness since they are the risk-adjusted net present values of adaptive 

investment strategies, based on risk-neutral valuation.  

Real Option Analysis  

Among the three strategic uncertainty factors, network life span can be affected by the public 

safety demand of wireless data communication because the next generation wireless broadband 

network will replace the TRS network when the demand of data communication amounts to much. 

Since the demand of wireless data communication for public safety is very likely to be correlated 

with the market size of overall wireless data communication, this study assumes the uncertainties 

of network life span are correlated with the market risk. Real option analysis adjusts for market 

risk by using a replicating portfolio approach (based on the volatility derived from market 

information). The data communication market size stochastically evolves, and its volatility is 

estimated as approximately 20 percent (refer to Appendix D-8). The risk-neutral probability for 

higher market growth (denoted as q) is derived from  q = (er – d)/(u – d)161, and q is estimated 

approximately 0.59 (hence, the risk-neutral probability for lower market growth: 1– q = 0.41).  

The other two uncertainty factors (associated with inter-agency operation and sharing the iDEN-

based network) are assumed to be non-market risk162, and they can be resolved only through 

actual implementation. The confidence intervals (denoted as ) of inter-agency operational 

effectiveness are shown in Table VI-4. Over time, this effectiveness may improve as experience 

accumulates or get worse as organizational complexity increases. This study assumes that 

operational effectiveness evolves as an additive stochastic process over time (i.e. - : 25%; 0: 

                                                
161 u  1.2 (refer to Appendix D-8) and d = 1/u , r  5% (approximate real interest rate of the Korean long-term 
treasury bond as of FY 2004).  
162 These two uncertainty factors may be possibly correlated with market risk. For instance, economic downturn 
may lead to cutbacks in relevant offices and undercut collaboration efforts. On the other hand, during economic 
downturn, governments may rather increase their spending to boost the economy. However, we do not know 
whether there are consistent and significant correlations with the market risk without any supporting evidences. 
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50%; + : 25%)163. The uncertainties associated with sharing the iDEN-based network are 

assumed to be resolved after one year of implementation. This exercise assumes that the 

probability of the most likely effectiveness is 60% and the probabilities of the worst and the best 

effectiveness are 20% respectively164.

The event tree in Figure VI-9 summarizes the evolution of these three uncertainty factors over 

three years165. The value of the TETRA-based network is subject to the two uncertainty factors, 

and the value of the iDEN-based network is subject to the three uncertainty factors. All the three 

uncertainty factors are assumed to be independent of each other166, so the risk-neutral probability 

of each branch in Figure VI-9 is equal to the product of the risk-neutral probabilities of the two or 

three uncertainty factors for that branch (also shown in Table VI-7 and VI-8).  

                                                
163 Among two stochastic processes, additive process is based on normal distribution and multiplicative process 
is based on log-normal distribution of values. The preliminary feasibility study calculated the standard deviation 
of the net present value derived from the expert judgments, assuming the normal distribution of the NPV. This 
exercise assumes additive process to maintain the consistency with the preliminary feasibility study, but there is 
no evidence to support that the stochastic process must be multiplicative or additive. Once additive stochastic 
process (not related with the market risk) is assumed, there is 50% chance of one standard deviation up and 50% 
chance of one standard deviation down from the expected value after one year. This exercise models stochastic 
process of operational effectiveness using disaggregated two time steps per year. Over one year, operational 
effectiveness can diverge to: +1/2  + 1/2  = +1  (50%*50%=25%), +1/2  -1/2   or  -1/2  +1/2  = 0 
(25%+25%=50%), and  -1/2  -1/2  = -1  (25%). 
164 While the standard deviations of the NPVs due to uncertain operational effectiveness and life span can be 
statistically estimated, the probabilities of the scenarios for sharing iDEN-based network are more difficult to 
estimate. In the absence of historic data, one of few possible ways to estimate the probability of a system failure 
is to solicit subjective judgment from engineers who developed the system, but it is very unlikely to get unbiased 
judgment from them. Although iDEN has never been widely adopted by the public sector, the iDEN has been 
apparently very robust technology for users in the private sectors. It survived even during the September 11th 
when all other cellular phones failed. Moreover, this study assumes that the iDEN-based commercial network is 
not shared in metropolitan areas to avoid the system failure due to overcrowding traffic by private sectors. That 
is, a redundant network is built exclusively for government agencies in the metropolitan areas. Considering these 
facts, the probabilities of system failure seems small (probably less than 5 percent). 20 percent probability to the 
worst scenario in the real option analysis is likely to be a conservative estimation. 
165 The costs and benefits are modeled at intervals of a year because flexible decision makings can be exercised 
only once a year and detailed data for monthly or quarterly cost schedules are not available. In Korea, any major 
change in large public investment plans must be approved through the annual budgeting process of the Ministry 
of Planning and Budget.  
166 Although we cannot confidently deny possible correlations among three uncertain factors, we do not have 
any supporting evidence to hypothesize correlations among them, either. 
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Figure VI-9. Event Tree and Probability Assignments 
u2(1-2 )V (2.2%)

u2(1- )V (8.7%) u2(1- )V (8.7%)

TETRA u(1- )V u2V (17.5%) u2V (13.1%) iDEN
(15%) u2(1+ )V (8.7%) u2(1+ )V (8.7%)

uV uV u2(1+2 )V (2.2%) 0.5 V
(59%) (30%) (1-2 )V (3.0%) (20%)

u(1+ )V V-1 (12.1%) (1- )V (12.1%)
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(1/u)(1- )V V+1 (12.1%) (1+ )V (12.1%) (60%)
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(1/u)2(1+2 )V (1.0%)

Year 1 Year 2 Year 3

Market risk Project risk Market risk
Project risk

Real option analysis, using the dynamic programming approach, starts from the last stage 

decision and progresses backward. If only the TETRA-based network is installed in the terrestrial 

areas, the third stage real option values are computed for six nodes of a decision tree. If the iDEN-

based network is installed in the terrestrial areas, the third stage real option values are computed 

for 18 nodes. The pay-offs of the third year investments over the plausible scenario space are 

shown in Table VI-7167. The TETRA-based network investment yields no positive pay-off for all 

of the scenario space (the left side of Table VI-7), and the iDEN-based network investment yields 

some positive pay-offs over colored areas (the right side of Table VI-7). The positive pay-offs are 

aggregated using probability distributions (shown in the bottom lows of tables) into 6 or 18 option 

values as shown in the right column of Table VI-8. These collapsed values are plugged into the 

second stage investment decisions about nationwide terrestrial networks (see Table VI-9).  

                                                
167 As shown in Figure VI-9, life span uncertainty (market risk) and operational effectiveness uncertainty 
(project risk) make the expected value diverge to six (=2*3) branches from Year 1 to Year 2. The probabilities of 
six branches are approximately 15%, 30%, 15%, 10%, 20%, and 10%. Each of six branches will diverge again to 
six branches from Year 2 and Year 3. In case for sharing iDEN-based network, another uncertainty factor 
applies. 
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Table VI-7. Alternatives for the Third Stage Underground Network  (Unit: KRW Million)

When only the TETRA-based network is installed over the ground:
*(1/u) *u *(1/u) *u

-1 0 +1 -1 0 +1 -1 0 +1 -1 0 +1
TETRA iDEN

-1 -83,747 -82,375 -81,002 -100,983 -99,006 -97,030 -2,167 -1,435 -703 -3,609 -2,555 -1,500
*(1/u) 0 -82,375 -81,002 -79,629 -99,006 -97,030 -95,053 -1,435 -703 30 -2,555 -1,500 -446

100% +1 -81,002 -79,629 -78,256 -97,030 -95,053 -93,076 -703 30 762 -1,500 -446 608
-1 -100,983 -99,006 -97,030 -111,825 -108,979 -106,132 -3,609 -2,555 -1,500 -3,491 -1,973 -455

*u 0 -99,006 -97,030 -95,053 -108,979 -106,132 -103,286 -2,555 -1,500 -446 -1,973 -455 1,063
+1 -97,030 -95,053 -93,076 -106,132 -103,286 -100,439 -1,500 -446 608 -455 1,063 2,581

When both the TETRA-based and the iDEN-based networks are installed over the ground:
TETRA iDEN

-1 -83,747 -82,375 -81,002 -100,983 -99,006 -97,030 -2,230 -1,543 -857 -3,700 -2,711 -1,723
*(1/u) 0 -82,375 -81,002 -79,629 -99,006 -97,030 -95,053 -1,543 -857 -171 -2,711 -1,723 -734

50% +1 -81,002 -79,629 -78,256 -97,030 -95,053 -93,076 -857 -171 516 -1,723 -734 254
-1 -100,983 -99,006 -97,030 -111,825 -108,979 -106,132 -3,700 -2,711 -1,723 -3,622 -2,199 -775

*u 0 -99,006 -97,030 -95,053 -108,979 -106,132 -103,286 -2,711 -1,723 -734 -2,199 -775 648
+1 -97,030 -95,053 -93,076 -106,132 -103,286 -100,439 -1,723 -734 254 -775 648 2,071
-1 -83,747 -82,375 -81,002 -100,983 -99,006 -97,030 -1,663 -565 534 -2,883 -1,302 280

*(1/u) 0 -82,375 -81,002 -79,629 -99,006 -97,030 -95,053 -565 534 1,632 -1,302 280 1,861
80% +1 -81,002 -79,629 -78,256 -97,030 -95,053 -93,076 534 1,632 2,730 280 1,861 3,443

-1 -100,983 -99,006 -97,030 -111,825 -108,979 -106,132 -2,883 -1,302 280 -2,446 -169 2,108
*u 0 -99,006 -97,030 -95,053 -108,979 -106,132 -103,286 -1,302 280 1,861 -169 2,108 4,386

+1 -97,030 -95,053 -93,076 -106,132 -103,286 -100,439 280 1,861 3,443 2,108 4,386 6,663
-1 -83,747 -82,375 -81,002 -100,983 -99,006 -97,030 -1,096 414 1,924 -2,066 108 2,282

*(1/u) 0 -82,375 -81,002 -79,629 -99,006 -97,030 -95,053 414 1,924 3,434 108 2,282 4,457
110% +1 -81,002 -79,629 -78,256 -97,030 -95,053 -93,076 1,924 3,434 4,944 2,282 4,457 6,631

-1 -100,983 -99,006 -97,030 -111,825 -108,979 -106,132 -2,066 108 2,282 -1,270 1,861 4,992
*u 0 -99,006 -97,030 -95,053 -108,979 -106,132 -103,286 108 2,282 4,457 1,861 4,992 8,123

+1 -97,030 -95,053 -93,076 -106,132 -103,286 -100,439 2,282 4,457 6,631 4,992 8,123 11,254

Table VI-8. Real Option Values of the Third Year Investment in the Underground Network  
When only the TETRA-based infrastructure is installed in the metropolitan area:

Max Real Yr1:TETRA->Yr2:TETRA or Stop
*(1/u) *u Option

-1 0 +1 -1 0 +1 Value (Unit: KRW Million)
-1 0 0 0 0 0 0 0

*(1/u) 0 0 0 30 0 0 0 3
100% +1 0 30 762 0 0 608 174

-1 0 0 0 0 0 0 0
*u 0 0 0 0 0 0 1,063 157

+1 0 0 608 0 1,063 2,581 758
Prob 0.1 0.2 0.1 0.15 0.3 0.15

When both the TETRA-based and the iDEN-based infrastructure is installed in the metropolitan area:
Max ROV Yr1:iDEN

-1 0 0 0 0 0 0 0
*(1/u) 0 0 0 0 0 0 0 0

50% +1 0 0 516 0 0 254 90
-1 0 0 0 0 0 0 0

*u 0 0 0 0 0 0 648 96
+1 0 0 254 0 648 2,071 523 ROV Yr1:TETRA
-1 0 0 534 0 0 280 96 188 ->Yr2:iDEN

*(1/u) 0 0 534 1,632 0 280 1,861 634 807
80% +1 534 1,632 2,730 280 1,861 3,443 1,767 1,886

-1 0 0 280 0 0 2,108 340 513
*u 0 0 280 1,861 0 2,108 4,386 1,518 1,707

+1 280 1,861 3,443 2,108 4,386 6,663 3,353 3,441
-1 0 414 1,924 0 108 2,282 651

*(1/u) 0 414 1,924 3,434 108 2,282 4,457 2,136 iDEN Prob
110% +1 1,924 3,434 4,944 2,282 4,457 6,631 4,038 50% 0.2

-1 0 108 2,282 0 1,861 4,992 1,543 80% 0.6
*u 0 108 2,282 4,457 1,861 4,992 8,123 3,884 110% 0.2

+1 2,282 4,457 6,631 4,992 8,123 11,254 6,623
Prob 0.1 0.2 0.1 0.15 0.3 0.15
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Since this is a switching option, path-dependency needs to be considered (Copeland and 

Antikarov 2001)168. The adaptive investments will start with either the TETRA-based or iDEN-

based networks in the metropolitan areas in the first year. Three evolving paths exist for each in 

the second year, and the maximum values among ones generated from three alternatives are 

multiplied by probabilities. Given our probability distribution assumptions, these two option 

values are computed as shown in Table VI-9. The real option value of the adaptive investments 

starting with an iDEN-based network (KRW 124.3 billion) is substantially higher than the real 

option value of the adaptive investments starting with a TETRA-based network (KRW 100.5 

billion) and the pre-committed investment in the TETRA-based network (KRW 90.8 billion).  

Table VI-9. Real Option Analysis for Flexible Investment Strategies  (Unit: KRW Million)
If the TETRA-based network was installed in the first year:

Yr1:TETRA->Yr2:TETRA Yr1:TETRA->Yr2:iDEN Yr1:TETRA->Yr2:Stop Max Year 2 Prob
2nd year 3rd year Sum 2nd year 3rd year Sum 2nd year 3rd year Sum Value Solution

-1 -3,705 0 -3,705 9,872 188 10,059 -7,262 0 -7,262 10,059 iDEN 0.10
*(1/u) 0 56,032 3 56,035 60,373 807 61,180 7,610 3 7,613 61,180 iDEN 0.20

100% +1 115,768 174 115,942 110,874 1,886 112,761 22,483 174 22,656 115,942 TETRA 0.10
-1 28,487 0 28,487 52,476 513 52,989 3,838 0 3,838 52,989 iDEN 0.15

*u 0 114,508 157 114,665 125,198 1,707 126,905 25,254 157 25,411 126,905 iDEN 0.30
+1 200,529 758 201,287 197,920 3,441 201,361 46,670 758 47,428 201,361 iDEN 0.15

Real Option Value 90,763 100,144 18,213 100,470

If the iDEN-based network was installed in the first year:
Yr1:iDEN->Yr2:TETRA Yr1:iDEN->Yr2:iDEN Yr1:iDEN->Yr2:Stop Max Year 2 Prob
2nd year 3rd year Sum 2nd year 3rd year Sum 2nd year 3rd year Sum Value Solution

-1 -43,460 0 -43,460 -7,572 0 -7,572 -15,803 0 -15,803 -7,572 iDEN 0.02
*(1/u) 0 16,277 0 16,277 22,296 0 22,296 -8,367 0 -8,367 22,296 iDEN 0.04

50% +1 76,014 90 76,104 52,165 90 52,255 -931 90 -841 76,104 TETRA 0.02
-1 -13,243 0 -13,243 15,339 0 15,339 -10,983 0 -10,983 15,339 iDEN 0.03

*u 0 72,778 96 72,873 58,349 96 58,445 -275 96 -180 72,873 TETRA 0.06
+1 158,799 523 159,322 101,360 523 101,883 10,433 523 10,956 159,322 TETRA 0.03
-1 -41,655 96 -41,559 35,025 96 35,121 -5,198 96 -5,103 35,121 iDEN 0.06

*(1/u) 0 18,082 634 18,715 82,814 634 83,448 6,699 634 7,333 83,448 iDEN 0.12
80% +1 77,818 1,767 79,586 130,604 1,767 132,371 18,597 1,767 20,364 132,371 iDEN 0.06

-1 -11,439 340 -11,099 76,678 340 77,018 4,288 340 4,628 77,018 iDEN 0.09
*u 0 74,582 1,518 76,101 145,495 1,518 147,013 21,421 1,518 22,939 147,013 iDEN 0.18

+1 160,603 3,353 163,956 214,312 3,353 217,665 38,553 3,353 41,906 217,665 iDEN 0.09
-1 -36,153 651 -35,502 77,622 651 78,272 5,407 651 6,057 78,272 iDEN 0.02

*(1/u) 0 24,940 2,136 27,076 143,332 2,136 145,468 21,766 2,136 23,902 145,468 iDEN 0.04
110% +1 86,033 4,038 90,071 209,043 4,038 213,081 38,125 4,038 42,164 213,081 iDEN 0.02

-1 -4,518 1,543 -2,975 138,018 1,543 139,561 19,559 1,543 21,102 139,561 iDEN 0.03
*u 0 83,455 3,884 87,339 232,641 3,884 236,524 43,117 3,884 47,000 236,524 iDEN 0.06

+1 171,429 6,623 178,052 327,264 6,623 333,887 66,674 6,623 73,297 333,887 iDEN 0.03
Real Option Value 54,183 121,319 16,864 124,356

                                                
168 The optimal choice of a standard in a future state of nature is affected by the standard that we adopted when 
we entered the sate of nature. Path dependency means we use both backward and forward looking (Copeland and 
Antikarov 2001) 
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This shows that experimenting with public private partnership in the first stage provides 

valuable information we currently lack about its effectiveness. This then yields better decision-

making on the nation-wide terrestrial and underground infrastructure. If we start with a TETRA-

based closed network, such potential cannot be tested. These option values are subject to the 

assignment of probabilities to plausible future states. Particularly, the assignment of probabilities 

to three public-private partnership effectiveness scenarios is critical. A diagnostic sensitivity test 

shows that the real option value of the adaptive investments starting with an iDEN-based network 

is robustly higher than the real option value of the adaptive investments starting with a TETRA-

based network169.

This highly stylized analysis roughly identifies which alternative is more likely superior, but 

does not make a precise market value estimate of a consolidated network. One possible extension 

of this analysis would be to estimate model parameters (particularly volatilities) more accurately 

and to use a more detailed model that include more disaggregated time steps170 and hence wider 

range of possibilities. 

Conclusion

Sharing a network saves redundant investment and makes very high quality service (that no 

single agency can afford alone) affordable. Nationwide sharing may make the most advanced 

public safety wireless network (like TETRA-based networks) affordable. However, various 

uncertainties stemming from inter-agency collaborative operation effectiveness, technological 

advancement, and evolving demands of emerging services may pose significant risks for 

investments in standard services. Public private partnership may mitigate some of these risks and 

leverage the existing commercial infrastructure, but it may also create other kinds of risk.  

Using exploratory modeling and real option analysis, this study has designed adaptive 

strategies for platform investments. Understanding the heterogeneity among users is important for 

                                                
169 Even if the probability of the worst scenario is 40% and the probability of the best scenarios is 10%, the 
option value of adaptive investments starting with an iDEN-based network (KRW 104.1 billion) is still higher 
than the option value of adaptive investments starting with a TETRA-based network (KRW 100.2 billion). 
170 If we have n time steps per year, recombining binomial tree will diverge to (n+1) branches after one year. 
Copeland and Antikarov (2001) states that binomial model with more branches will produce errors that 
sometimes overshoot and sometime undershoot, but the estimates will become more accurate on average as the 
number of steps per year increase. Hence, adding a few more steps may possibly increase errors. Adding many 
time steps is a computationally demanding task, but improves the estimates only modestly. 
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platform investments, and heterogeneous users can be grouped into a few categories. Adaptive 

strategy expands the provision of a consolidated network incrementally to these categories of 

users, and flexibly modifies technology options in response to past performance and future 

contingencies in each stage. This study has also demonstrated that adaptive strategy can mitigate 

the threats and capture the opportunities arising from public-private partnership, and hence 

substantially reduce the regrets and increase the real option values. 

While this case study illustrates designing adaptive strategies, implementing adaptive 

strategies is another difficult task. In order to actually implement adaptive investment strategies, 

key performance metrics for inter-agency communications and collaborations need to be defined 

in advance and measured during the early-stage program implementation. The actual 

improvement of performance from the baseline and the contribution of the consolidated network 

platform must be carefully estimated at the end of each program stage. The expected life span 

ought to be periodically re-estimated by monitoring market growth and soliciting the experts’ 

opinions about the expected arrival time of next-generation technical standards. This ex-post 

measurement of realized capability improvements as well as updated information on the evolving 

external factors guide adaptive investment decisions for the next stage – whether to expand or 

abandon the current system, or switch into another system. All these tasks are potential subjects 

for future research. 

Finally, although this study has assumed that the TETRA-based network is dedicated to public 

safety use only, one may consider, as another public-private partnership alternative, that the 

TETRA-based network could be built by private finance and shared across the public and the 

private sectors171. Since TETRA is a little more advanced technology than iDEN, such public-

private partnership may enhance the commercial emergency response communication services as 

well. Analysis of this alternative will be another potential subject for future research. 

                                                
171 The range of benefits derived from sharing the TETRA-based network will be likely narrower (e.g. 
80%~120%) than that from sharing the iDEN-based network (50%~110%). 
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Chapter 7.  Conclusion 

1.  Summary and Limitations  

The main goal of this dissertation is to provide a systematic framework to help design near-

term investments in standard enabling services that are consistent with the long-term interests of 

network-centric public services and robust against various technical and social uncertainties. This 

dissertation has examined the effects of platform investments using three different methodologies 

in combination with exploratory modeling. Microeconomic analysis and agent-based simulation 

are used to provide analytic frameworks and thought experiments, and case study and real option 

analyses are used to guide actual investment decisions. Each of these studies is a novel 

contribution to the literature in its own right. Jointly, they have an additional value. Each method 

of inquiry has very different strengths and weaknesses, so that a criticism of one based upon its 

limitations can be mitigated, in part, by use of another. In sequence, they attempt to lead the 

reader through a series of propositions that suggest a solution to the investment manager’s 

problems. Table VII-1 summarizes strengths and weaknesses of three methodologies. 

Table VII-1. Advantages and Disadvantages of Three Methodologies and their Scopes 
Methodology Strengths Weaknesses Scope 

Microeconomic
analysis 

• Searching for the optimal 
procurement strategy 
• Providing general insights  

• Limited modeling of the 
heterogeneity based on overly 
strict assumptions 
• Not explaining social network 
• Static analysis 

General and 
universal  

Agent-based  
simulation of 

network
dynamics 

• Exploring dynamic evolution 
• Incorporating the heterogeneities 
of agencies, and modeling social 
network mechanisms 

• Still meta-level analysis 
(somewhat realistic but not based 
on detailed actual data) 
• Descriptive (not optimization) 

National
(government-
wide) level 

Case study • Identifying dynamic and 
adaptive strategy 
• Based on actual data 

• These customized solutions may 
not provide general insights  

Individual 
mission

initiatives

Microeconomic analysis has demonstrated how indirect and direct network externality arises 

among complementary systems and recommended the centralization of common functionalities as 

shared services and the decentralized development of numerous domain-specific standard 
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middleware and interfaces that assure interoperability among heterogeneous systems. However, 

the microeconomic analysis was based on overly strict assumptions with only limited modeling of 

heterogeneity among network nodes and no consideration of the evolving social network. Agent-

based simulations of network dynamics test several standardization solutions in dynamic and a 

little more comprehensive contexts that reflect uneven and assorted interdependencies among 

many government agencies. While economic analysis assumes both homogeneous service value 

and homogeneous connections among heterogeneous nodes, agent-based simulation incorporates 

the heterogeneity in service attributes, service levels and connections among agencies. Social 

network analysis is applied to model the productivities of operating interoperable systems across 

agencies. The agent-based modeling exercise has simulated a nearly comprehensive set of the 

federal government agencies to illustrate multi-mission and multi-system network-centric public 

services. This ambitious intention has led to a highly stylized meta-level analysis.  

While the above two methodologies provide general insights, the case study illustrates 

practical guidance. Although the microeconomic analysis demonstrates that the centralized 

procurement of horizontal common services can be more effective than decentralized procurement 

by individual agencies, inappropriate investments in standard shared services by a central leader 

may instead undermine the long-term progress of network-centric public services due to their far-

reaching effects. Faced with multiple combined uncertainties, platform investment strategies by a 

central leader need to be adaptive and flexible. This case study has illuminated how adaptive 

strategies can be designed.  

While these studies do not provide a comprehensive manual to answer diverse problems faced 

by various organizations, they provide and illustrate conceptual and practical tools for identifying 

a number of standardization alternatives and designing strategic investment plans. 

2. Suggestions for Future Research 

In light of the lessons derived from Chapter 4 and 6, when complex systems are to be 

developed using emerging technologies, decentralized procurement of standard services (often 

cooperating with the private sector) may mitigate the risks of replacing government-wide systems 

all at once. When standard services are to be built using mature technologies, centralized public 

development is more likely to be desirable since it allows all the relevant government agencies to 
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share them. If commercial systems are already in place, a central leadership may, on behalf of all 

other government agencies, negotiate a contract utilizing commercial systems, instead of 

development of a closed network for the governments’ exclusive use. Chapter 6 has recommended 

an adaptive investment strategy that tests the effectiveness of sharing the commercial networks in 

the initial stage and expands adaptively according to revealed performance and market 

information.  

Nonetheless, designing a public-private partnership program is more complicated than 

conventional procurement, and incorporating adaptive strategies into public-private partnership 

initiatives is even more challenging. It will be particularly important to define and assign the 

responsibilities for managing various technical, organizational and market-related risks to the 

public sector and the private sector, or to a central leader and all other participating agencies. 

Although service contracts will include most advanced functionalities such as dynamic grouping 

and priority access, other unanticipated services (particularly in regards to data and multimedia 

communication services) are likely to emerge in the near future. Since the for-profit firm may 

charge higher prices for such add-on services later, further economic research may seek to 

examine these issues and provide an appropriate strategy for long-term public-private partnerships.  

This study provides only limited contributions toward decreasing the large gaps between 

analytic modeling and real case studies. In the absence of empirical data from precedent cases, the 

case study used the survey of experts’ subjective opinions in place of analytic model of mission-

system interdependencies and social networks. The Korean government recently approved further 

research on Business Process Reengineering (BPR) with a small pilot investment in a 

metropolitan testbed area. The BPR study is expected to define the building-block mission 

capabilities needed across all the major disasters (e.g. floods, fire, traffic accidents, terrorism, etc) 

and define their key capability measures (e.g. reduced response time, early warning and 

prevention, etc). Then, the BPR study will examine the end-to-end processes of response activities 

across agencies, identify interdependencies among agencies, design a number of linked cause-

and-effect hypotheses, and accordingly reengineer the standard operating procedures. During the

pilot programs that will involve a number of agencies, the communication traffic within and 

across public safety agencies can be monitored and measured.
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Further research may estimate the effects of cross-agency interoperable communication 

capabilities on public safety mission capabilities, taking advantage of the BPR study and the 

empirical data collected from a pilot test. The frameworks and methodologies adopted in the 

simulation exercises (particularly the social network analysis of inter-agency collaborative 

operations) can be applied to make a more accurate estimation of benefits. Although it is 

generally difficult to collect social network data and apply social network analysis into actual 

investment decision models, the pilot programs will make it possible to measure inter-agency 

communication traffic. The data of inter-agency communication traffic generated from a pilot 

test can be analyzed to identify the social network patterns emerging from a small group of 

participating agencies. These patterns may be extrapolated to estimate the social network 

patterns of a larger community. If disaster response performance improvement can be 

measured, the effects of inter-agency communication traffic on the improved performances 

will be estimated. Extended research may also attempt to identify the effects of revised 

standard operating procedures or particular organizational policies on social network 

formation.  
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Appendix A.  Cross-agency e-Government Initiatives and Planning Framework 
Appendix A-1. The U.S. Presidential 24 Cross-agency e-Government Initiatives

Category Title Lead  
Agency 

Performance Metrics 

Recreation One-Stop (provides a one-stop, searchable 
database of recreational areas nationwide; includes on-line 
campground reservations and purchase of recreational 
passes, maps, and other products)

DOI # of partners sharing data 
# of facilities listed 
# of online reservations 
Customer satisfaction

GovBenefits (provides common Internet portal for identifying 
government benefits programs for which citizens may be 
eligible; targets high-need demographic groups)

DOL Hits to site per month 
# of referrals to partner benefit sites 
Average time to find benefits and 

determine eligibility 
Online Access for Loans (allows citizens and business to 
find appropriate loan Programs)

Education # of clicks to access loan information 
Improve Agency access to 

risk mitigation data 
Customer satisfaction

USA Services (uses best practices in customer relationships 
to enable citizens to quickly obtain service on-line while 
improving responsiveness and consistency across 
government agencies)

GSA Average time to respond to inquiries  
Average time to resolve inquiries  
# of government-wide inquiries call 

center and email systems can handle 
Customer satisfaction

G2C
(Government
-to-Citizens)

EZ Tax Filing (makes it easier for citizens to file taxes in 
Web-enabled Environment)

Treasury % coverage of tax filing public 
# of citizens filing electronically

Online Rule-making Management (provides access to all 
government rulemaking, anytime, anywhere, by expanding an 
existing e-Docket system that permits use by other agency 
systems through “storefronts)

EPA # of electronic comments submitted  
# of online docket systems 

decommissioned with the associated 
cost savings and cost avoidance 

# of downloads of rules & regulations 
# of public participants in rulemaking 

process
Expanding Electronic Tax Products for Business 
(reduces number of tax forms that employers must file, and 
provides timely and accurate information and more available 
electronic filing)

Treasury Burden reduction for corporations per 
return and/or application filed 

Administrative cost to Federal 
government per return filed 

Cycle time to grant Employer 
Identification Number (EIN) 

# of electronic tax-related transactions 
Federal Asset Sales (provides easier locating of asset sales, 
irrespective of agency involved, and allows bidding and 
purchasing electronically)

GSA Cycle time reduction for asset 
disposition 

$ cost avoidance for personal property 
Return on assets (ROA)

G2B
(Government
-to-Business) 

International Trade Process Streamlining (creates a 
single site where exporters can be assisted electronically 
through entire export process) 

DOC Time to fill out export forms  
# of unique visitors  
# of trade leads accessed by SMEs  
# of registered businesses 
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One-stop Business Compliance Information (provides
information on laws and regulations; offers “wizards” and 
tutorials enabling citizens to determine if rules apply to them; 
permits can be completed, submitted, approved on-line, to 
extent possible)

SBA Time savings for business compliance 
Regulatory agency savings through 

automated processes  
of days reduced for issuing permits 

and licenses 
Cycle time to issue permits and 

licenses issued 
# of visitors/page views 
Reduction in redundant IT investments

Consolidated Health Informatics (provides a simplified, 
unified system for sharing and reusing medical record 
information among agencies and private providers and 
insurers)

HHS # of federal agencies & systems using 
the standards to store and/or share 
health information 

# of contracts requiring the standards 
# Impact on patient service, public 

health and research 
# increase in common data available 

to be shared by users
Geospatial Information One-stop (provides access to the 
government’s spatial data assets in one location, and 
promotes collaboration with state and local governments)

DOI # of data sets posted to portal 
# of users 
# of cost sharing partnerships for data 

collection activities 
# of data-set hits

e-Grants (creates an electronic portal for grant recipients and 
grant-making agencies that will streamline federal grants 
management)

HHS # of grant-making agencies publishing 
grant opps in portal 

# of grant programs available for 
electronic application 

% of reusable information 
per grant application 

# of applications received 
electronically

Disaster Management (serves as a single application point 
for all disaster assistance programs)

FEMA

(DHS) 

Reduce response recovery time  
Improve situational awareness 

planning capability  
Increase the number of first 

responders using DMIS tools
Project SAFECOM (helps public safety agencies at all 
levels of government achieve interoperability and eliminate 
redundant wireless communications infrastructures)

DHS # of agencies that can communicate 
with one another 

Response times for jurisdictions and 
disciplines to respond to an event 

# of wireless grant programs that 
include Safecom-approved equipment 

Voice, data and video convergence

G2G
(Government

-to-
Government)

e-Vital (expands existing vital records on-line data exchange 
activity between the federal and state governments) 

SSA Time for state to report death to SSA 
# of verified death records 
Time to verify birth and death 

entitlement factors 
# of false identity cases



151

e-Training (provides a repository of government-owned 
courseware, enabling economies of scale pricing and fostering
development of communities of practice)

OPM Cost avoidance: total tuition/travel cost 
reductions for participating agencies 

% of agencies receiving their e-training 
Recruitment One-stop (improves federal hiring process by 
improving automated employment information system; 
provides job-seekers with on-line status feedback and 
provides employees with a searchable resume database)

OPM Cost-per-hire
Time-to-fill vacancies 
% of federal job applicants 
Availability of applicant status  
Additional market-based metrics

Enterprise HR Integration & e-Clearance (eliminates 
need for paper employee records, enables strategic decisions 
regarding human capital and financial resources; allows 
electronic transfer of HR data, better protects employee rights 
and benefits, and improves government-wide reporting and 
data analysis; enables faster security clearances)

OPM Cost/cycle time savings per 
transaction  

Time for inter-agency transfers 
Usage of analytics by all Cabinet-level 

agencies in the Human Capital Planning 
Time to process clearance forms

e-Payroll (simplifies/unifies payroll/human resources 
elements to consolidate and integrate these functions across 
government)

OPM Payroll cost per transaction/per 
employee  

Accuracy of Treasury Disbursements, 
Post Payroll Interfaces, and Periodic 
Reporting

e-Travel (provides a common travel management system for 
agency use)

GSA Administrative cost per trip 
# trips serviced through E-Travel 
# of agencies and users  
% of use of E-Travel services within 

each agency 
% improvement of time for traveler 

Integrated Acquisition Environment (allows agencies to 
share information so that procurement and other types of 
decisions can be more informed)

GSA % reduction in time for delivery  
cost-per-spend 
% of intra-governmental transactions 
% reduction in procurement errors 
% of vendors registered in database

IEE
(Internal

Efficiency 
and

Effectiveness)

Electronic Records Management (provides tools and 
guidance agencies need to manage their records 
electronically.)

NARA % of eligible data items 
archived/preserved electronically 

Consolidation of IT investments  
Document search/retrieval burden 
Document recovery burden

Cross-
cutting

e-Authentication (builds and enables mutual trust needed 
for widespread use of electronic interactions between the 
public and government and across governments; provides a 
method for satisfactorily establishing identity)

GSA Cost savings from IT expenditures 
a coordinated and streamlined approach 

% of GPEA burden using transactions 
using the E-Authentication gateway 

# of credentials by customer needed to
interact with the federal government 

% of citizens trusting transactions  
Time to access e-Government 

Source: Office of Management and Budget (2002 and 2003); GAO (2002)
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Appendix A-2a. Capability to Systems Traceability Matrix 

(Source: DoD AF Working Group 2003)
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Appendix A-2b. Agency – Mission Mapping Matrix (using Business Reference Model)  
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Community and Social
Services

Homeownership Promotion X X X X 4
Community  and Regional Development X X X X X X X X X 9
Social Services X X X X X X X 7
Postal Services 01 1 1 1 1 1 1 1 1 1 1 1 1 1 14
Criminal Incarceration X X 2
Criminal Rehabilitation X 11 1 2
Command and Control X X 2
Execute Joint Operations X 1
Support Joint Operations X 11 1 2
Disaster Monitoring and Prediction X X X X X X X X 8
Disaster Preparedness and Planning X X X X X X X X X X X 11
Disaster Repair and Restore X X X X X X X X X X 10
Emergency Response X X X X X X X X X X 101 1 1 1 1 1 1 1 1 1 1 1 12
Business and Industry Development X X X X X X X X X X X 11
Intellectual Property Protection X X X X 4
Financial Sector Oversight X X X 31 1 1 1 1 1 1 1 1 1 1 1 12
Elementary, Secondary, and Vocational X X X X 4
Higher Education X X X X 4
Educational and Cultural Institutions X X X X 41 1 1 1 1 1 1 7
Energy Supply X X X 3
Energy Conservation and Preparedness X X 2
Energy Resource Management X X X X X 51 1 1 1 1 1 1 7
Environmental Monitoring and Forecasting X X X X X X X X X 9
Environmental Remediation X X X X 4
Pollution Control X X X X X X X X 81 1 1 1 1 1 1 1 1 1 1 11
Scientific Innvoation X X X X 4
Space Flight Innovation X X 2
Technological Innovation X X 21 1 1 1 1 5
Illness Prevention X X X X X 5
Immunization Management X X 2
Public Health Monitoring X X X X X X 6
Health Care Services X X 2
Consumer Health and Safety X X X X X X X X X 91 1 1 1 1 1 1 1 1 1 1 11
Border and Transportation Security X X X X X 5
Key Asset and Critical Infrastructure X 1
Catastrophic Defense X 11 1 1 1 1 5
General Retirement and Disability X X 2
Unemployment Compensation X X 2
Housing Assistance X X X 3
Food and Nutrition Assistance X X 2
Farm Income Stabilization X X 21 1 1 1 1 5

Intelligence
Operations Intelligence Gathering X X X X 41 1 1 1 4

Foreign Affairs X X X X X X X 7
International Development and
Humanitarian Aid X X X X X X X 7
Global Trade X X X X X 51 1 1 1 1 1 1 1 1 9
Criminal Apprehension X X X X X X 6
Criminal Investigation and Surveillance X X X X X X X X 8
Citizen Protection X X X 3
Crime Prevention X X X 3
Leadership Protection X X 2
Property Protection X X X X X X X X 8
Substance Control X X X X 41 1 1 1 1 1 1 1 1 1 10
Judicial Hearings X X X X X X 6
Legal Defense X X 2
Legal Investigation X X X X X X 6
Legal Prosecution and Litigation X X X X X X X X X 9
Resolution Facilitation X X X X X 51 1 1 1 1 1 1 1 1 1 10
Water Resource Management X X 2
Conservation and Land Management X X X X X 5
Recreational Resource Management and
Tourism X X X X X X X 7
Agricultural Innovation and Services X X 21 1 1 1 1 1 1 7
Ground Transportation X X X X X 5
Water Transportation X X X 3
Air Transportation X X 2
Space Operations X1 1 1 1 1 1 6
Training and Employment X X X X X X X X X X X X X X X X X 17
Labor Rights Management X X X X 4
Worker Safety X X X X X 51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 17
Debt Collection X X X 3
User Fee Collection X X X X 4
Tax Collection X X X X 4
Federal Asset Sales X X X X 4

Total Lines of Business Performed 11 12 4 8 3 5 3 19 8 6 5 7 14 8 12 10 2 7 3 3 1 6 3 5
Total Sub-Functions Performed 26 23 6 10 8 9 5 52 17 10 14 14 30 11 23 17 2 9 4 4 1 7 5 8

Community and Social
Services

General Science and
Innovation

Workforce
Management

Income Security

Disaster Management

Transportation

Correctional Activites

Defense and National
Security

International Affairs

Energy

*Revnue Collection, although not within the Services for Citizens Business Area, is included in this spreadsheet because not all agencies perform this Line of Business.

*Revenue Collection

Economic
Development

Education

Health

Natural Resources

Law Enforcement

Environmental
Management

Litigation and Judicial
Activities

Homeland Security

Source: Department of Interior  http://www.doi.gov/ocio/architecture/index.html
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Appendix A-3a. LISI Interoperability Maturity Model (Source: DoD 1998)

Appendix A-3b. The PAID Attributes (Source: DoD 1998)
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Appendix A-3c. LISI 97 Capabilities Model (Source: DoD 1998)

Appendix A-3d. Example of Potential Interoperability Matrix  

(Source: DoD C4ISR Architecture Working Group 1998) 
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Appendix A-4. IT Planning and Investment Practices and Enterprise Architecture 

Appendix A-4a. Enterprise Architecture Management Maturity Framework (Version 1.0) 

(Source: GAO 2003) 

Appendix A-4b. IT Strategic Planning and Investment Practices  

GAO (2004) identified 12 IT strategic planning/performance measurement practices and 18 IT invest
management practices, based on legislation, policy, and guidance.  

Practice P.1: The agency has documented its IT strategic management process, including, at a minimum, 
• the responsibilities and accountability for IT resources across the agency, including the relationship between 
the chief information officer (CIO), chief financial officer (CFO), and mission/program officials; and 
• the method by which the agency defines program information needs and develops strategies, systems, and 
capabilities to meet those needs. 
Practice P.2: The agency has documented its process to integrate IT management operations and decisions with 
organizational planning, budget, financial management, human resources management, and program decisions. 
Practice P.3: The agency requires that information security management processes be integrated with strategic 
and operational planning processes. 
Practice P.4: The agency has a process that involves the CFO, or comparable official, to develop and maintain a 
full and accurate accounting of IT-related expenditures, expenses, and results. 
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Practice P.5: The agency prepares an enterprise-wide strategic information resources management (IRM) plan 
that, at a minimum, describes how IT activities will be used to help accomplish agency missions and operations, 
including related resources; and identifies a major IT acquisition program(s) or any phase or increment of that 
program that has significantly deviated from the cost, performance, or schedule goals established for the program. 
Practice P.6: The agency’s performance plan required under Government Performance and Results Act (GPRA) 
includes: a description of how IT supports strategic and program goals, the resources and time periods required 
to implement the information security program plan required by the Federal Information Security Management 
Act (FISMA), and a description of major IT acquisitions contained in the capital asset plan that will bear 
significantly on the achievement of a performance goal. 
Practice P.7: The agency has a documented process to develop IT goals in support of agency needs, measure 
progress against these goals, and assign roles and responsibilities for achieving these goals. 
Practice P.8: The agency has established goals that, at a minimum, address how IT contributes to program 
productivity, efficiency, effectiveness, and service delivery to the public (if applicable). 
Practice P.9: The agency has established IT performance measures and monitors actual-versus-expected 
performance that at least addresses 
• how IT contributes to program productivity, • how IT contributes to the efficiency of agency operations, 
• how IT contributes to the effectiveness of agency operations,  • service delivery to the public, 
• how electronic government initiatives enable progress toward agency goals and statutory mandates, 
• the performance of IT programs (e.g., system development and acquisition projects), and 
• agency compliance with federal software piracy policy. 
Practice P.10: The agency has developed IT performance measures that align with and support the goals in the 
GPRA performance plan. 
Practice P.11: The agency developed an annual report, included as part of its budget submission, that describes 
progress in achieving goals for improving the efficiency and effectiveness of agency operations and, as 
appropriate, the delivery of services to the public through the effective use of IT. 
Practice P.12: The agency requires that its IT management processes be benchmarked against appropriate 
processes and/or organizations from the public and private sectors in terms of cost, speed, productivity, and 
quality of outputs and outcomes where comparable processes and organizations in the public or private sectors 
exist. 

Practice I.1: The agency has a documented IT investment management process that, at a minimum, 
• specifies the roles of key people and groups within the IT investment management process, 
• outlines significant events and decision points, 
• identifies external and environmental factors that influence the process, 
• explains how the IT investment management process is coordinated with other organizational plans and 
processes, and 
• describes the relationship between the investment management process and the agency's enterprise architecture. 
Practice I.2: The agency established one or more agency-wide IT investment management boards responsible 
for selecting, controlling, and evaluating IT investments that, at a minimum, have final project funding decision 
authority (or provide recommendations) over projects within their scope of authority, and are composed of key 
business unit executives. 
Practice I.3: The agency-wide board(s) work processes and decision-making processes are described and 
documented. 
Practice I.4: If more than one IT investment management board exists in the organization, the organization has 
documented policies and procedures that describe the processes for aligning and coordinating IT investment 
decision making, criteria for determining where in the organization different types of IT investment decisions are 
made, and processes that describe how cross-functional investments and decisions are handled. 
Practice I.5: As part of its investment management process, the agency has available an annually updated 
comprehensive inventory of its major information systems that includes major national security systems and 
interfaces. 
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Practice I.6: A standard, documented procedure is used so that developing and maintaining the inventory is a 
repeatable event, which produces inventory data that are timely, sufficient, complete, and compatible. 
Practice I.7: The IT asset inventory is used as part of managerial decision making. 
Practice I.8: Proposed IT investments are required to document that they have addressed the following items 
during project planning: 
• that the project supports the organization’s business and mission needs and meets users’ needs, 
• whether the function should be performed by the public or private sector, 
• whether the function or project should be performed or is being performed by another agency, 
• that alternatives have been considered, and how security will be addressed. 
Practice I.9: In considering a proposed IT project, the agency requires that the project demonstrate that it is 
economically beneficial through the development of a business case that at least addresses costs, benefits, 
schedule, and risks. 
Practice I.10: In considering a proposed IT project, the agency requires that the project demonstrate that it is 
consistent with federal and agency enterprise architectures. 
Practice I.11: The agency requires that the proposed IT investment, at a minimum, 
• support work processes that it has simplified or redesigned to reduce costs and improve effectiveness, and 
• make maximum use of commercial-off-the-shelf (COTS) software. 
Practice I.12: The agency has established project selection criteria distributed throughout the organization that 
include, at a minimum, cost, benefit, schedule, and risk elements; measures such as net benefits, net risks, and 
risk-adjusted return on investment; and qualitative criteria for comparing and prioritizing alternative information 
systems investment projects. 
Practice I.13: The agency has established a structured selection process that, at a minimum, selects IT proposals 
using selection criteria; identifies and addresses possible IT investments and proposals that are conflicting, 
overlapping, strategically unlinked, or redundant; prioritizes proposals; and is integrated with budget, financial, 
and program management decisions. 
Practice I.14: Agency policy calls for investments to be modularized to the maximum extent achievable. 
Practice I.15: The agency-wide investment management board(s) has written policies and procedures for 
management oversight of IT projects that cover, at a minimum, 
• decision-making rules for project oversight that allow for terminating projects, when appropriate; 
• current project data, including expected and actual cost, schedule, and performance data, to be provided to 
senior management periodically and at major milestones; 
• criteria or thresholds related to deviations in cost, schedule, or system capability actual versus expected project 
performance; and 
• the generation of an action plan to address a project’s problem(s) and track resolution. 
Practice I.16: The agency-wide investment management board(s) established an oversight mechanism of funded 
investments that, at a minimum, 
• determines whether mission requirements have changed; 
• determines whether the investment continues to fulfill ongoing and anticipated mission requirements; 
• determines whether the investment is proceeding in a timely manner toward agreed-upon milestones; 
• employs early warning mechanisms that enable it to take corrective action at the first sign of cost, schedule, or 
performance slippages; and 
• includes the use of independent verification and validation reviews of under-performing projects. 
Practice I.17: Corrective actions for under-performing projects are agreed upon, documented, and tracked by the 
agency-wide investment management board(s). 
Practice I.18: The agency-wide investment management board(s) requires that post-implementation reviews be 
conducted to validate expected benefits and costs, and document and disseminate lessons learned. 
(Source: GAO 2004) 
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Appendix A-4c. Data of Enterprise Architecture Level and Planning and Investment Practices 
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EA 2 3 3 1 3 2 2 2 2 2 3 2 2 1 1 1 3 5 1 3 2 2 1 1 3
Plan 1.42 1.60 1.70 1.58 1.33 1.58 1.42 1.17 1.67 1.25 1.25 1.25 1.25 1.25 1.33 1.50 1.33 1.58 1.25 1.67 1.33 1.33 1.25 1.33 1.67
Inv 1.44 1.33 1.33 1.50 1.00 1.61 0.89 1.00 1.72 0.94 1.59 1.28 1.17 1.67 1.06 1.33 0.94 1.22 1.44 1.41 1.47 1.44 0.67 1.12 1.67

P_01 1 2 2 2 2 2 2 1 2 1 1 1 1 2 1 2 1 2 1 2 . 1 1 . 2
P_02 1 2 2 2 2 2 1 1 2 1 1 0 1 2 1 2 1 2 2 2 . 1 1 . 2
P_03 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 1 2 2
P_04 2 1 1 2 1 1 2 1 2 1 2 2 2 1 2 1 2 2 1 2 1 2 2 1 2
P_05 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 1 . 1
P_06 1 . . 1 1 1 1 1 1 1 1 1 1 1 1 . 1 1 1 1 1 1 1 1 1
P_07 1 1 2 0 1 1 1 0 2 1 0 0 0 0 0 1 1 2 0 2 . 1 1 . 1
P_08 2 2 2 2 2 2 1 2 2 2 2 2 2 1 2 1 1 2 2 2 . 1 2 . 2
P_09 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 1 . 1
P_10 2 . . 2 0 2 2 2 2 2 2 2 2 2 2 . 2 2 2 2 2 2 2 2 2
P_11 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2
P_12 1 2 2 1 2 2 1 0 1 0 0 1 0 0 1 2 2 0 1 1 0 1 0 0 2
I_01 1 1 1 2 1 2 2 1 2 1 2 2 2 1 1 1 1 2 2 2 2 1 1 2 1
I_02 2 1 1 2 0 2 1 1 2 2 2 2 0 2 1 1 1 2 2 2 2 2 1 1 2
I_03 2 0 1 2 0 2 0 1 1 1 2 2 0 2 0 0 0 0 2 0 2 2 0 1 1
I_04 1 1 1 1 0 1 0 . 2 1 . 1 0 2 0 0 . 1 1 . . 1 0 . 0
I_05 2 2 1 2 1 2 1 2 2 1 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2
I_06 2 2 1 2 2 2 0 2 2 0 2 2 2 2 0 2 0 2 2 2 2 2 2 2 2
I_07 2 1 2 2 1 2 1 1 2 0 2 1 1 2 0 2 1 1 1 2 2 2 0 1 2
I_08 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
I_09 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
I_10 1 2 2 2 1 2 2 2 2 2 2 2 1 2 1 2 2 2 1 2 2 2 2 1 2
I_11 0 2 2 0 2 1 1 1 2 1 0 1 2 2 2 2 1 0 1 2 0 0 0 0 2
I_12 2 1 1 1 1 1 2 1 2 0 1 1 1 1 2 1 0 1 1 1 1 2 0 1 2
I_13 2 1 1 2 1 2 1 1 2 0 2 1 1 2 1 1 1 1 2 1 2 1 0 1 1
I_14 0 2 2 0 1 2 0 0 0 1 0 0 2 0 2 2 2 0 2 0 0 0 0 0 2
I_15 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 1 0 1 1 1 0 1 1
I_16 1 1 1 1 1 1 0 0 2 1 1 1 1 1 1 1 0 1 1 1 1 1 0 1 2
I_17 1 1 1 2 1 1 0 0 1 1 2 0 0 2 1 1 0 0 1 1 1 2 0 0 2
I_18 2 1 1 1 1 1 1 0 2 1 2 0 1 2 1 1 1 2 1 1 1 1 0 1 2

( Yes: 2, Partially: 1, No: 0 )

(EA: GAO Enterprise Architecture Maturity Level (1: lowest, 5: highest),   

Plan: Implementation Level of Strategic Planning/Performance Management Practices = Average of P01~P12,    

Inv: Implementation Level of Investment Management Practices = Average of I_01~I_18) 

Data Source: GAO 2003 and 2004 
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Appendix A-5. Federal Enterprise Architecture Reference Models  

Reference model Description Status 
Business Reference 
Model 

Describes the business operations of the federal government 
independent of the agencies that perform them, including 
defining the services provided to state and local governments. 

Version 2.0 
released in 
June 2003 

Service Component 
Reference Model 

Identifies and classifies IT service (i.e., application) 
components that support federal agencies and promotes the 
reuse of components across agencies. 

Version 1.0 
released in June 
2003 

Technical Reference 
Model 

Describes how technology is supporting the delivery of 
service components, including relevant standards for 
implementing the technology. 

Version 1.1 
released in 
August 2003 

Performance 
Reference Model 

Provides a common set of general performance outputs and 
measures for agencies to use to achieve business goals and 
objectives. 

Version 1.0 
released in 
September 2003 

Data and 
Information 
Reference Model 

Intended to describe, at an aggregate level, the types of data 
and information that support program and business line 
operations, and the relationships among these types. 

Version 1.0 
released in 
September 2004 

(Source: FEAPMO http://www.feapmo.gov)
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Appendix A-6. Network Layers Model 

Appendix A-6a. Contrast of Complex Systems With and Without Layers   

(Source: Whitt 2004) 

Appendix A-6b. The Web-Services Pyramid  

           
           Vertical             Vertical 

              Business           Not-Standardized 
          Semantics and  
          Workflows 

Security, 
            Routing, Workflows,           Horizontal 
           Transaction Management       Not-Standardized 
           Horizontal Business Semantics  
                WSDL, UDDI 
             SOAP, XML-RPC          Horizontal 
            XML, XML Schema          Standardized 
              HTTP, FTP, SMTP 
            Internet, Intranet, Extranet             

(Source: Modified from Kaye 2003) 
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Appendix B.  Dynamic Optimization for Modular Development 

Chapter 4 focuses on static optimization under certainty, but modular development can be 
applied to long-term dynamic growth under uncertainty. Since sequential modular development 
may reduce development cost, investment in a basic module in the earlier period is regarded as the 
investment in a growth option to expand with a lower cost in later periods. On the other hand, 
faced with uncertainties of market demands, a firm may wait and make investment decisions later 
only if market turns out to be favorable (i.e. delay option instead of pre-committed investment in 
basic modules).  

A three-period decision model, based on dynamic programming and real option analysis, 
illustrates what the optimal strategy for this modular development is. Let’s assume that a market 
for a product (quality level s=6) is expected to emerge at period 3. Cost function for modular 
development is a power function: C = m a (6/m)b (m: the number of modules). As its exponent b
increases (i.e. more convex cost function), sequential modularization substantially reduces 
development costs. This exercise tests five cost functions in which a and b are set to make the 
non-modular development cost equal to 144. Its present value of benefit is 82.6, so the expected 
net present value of a pre-committed non-modular development is negative.  

Instead, a firm may develop this product at the last step only if the market turns out to be 
favorable. Alternatively, a firm may develop modules sequentially over two or three periods. We 
can test a growth option (3 modules), a waiting option (non-modular system), and a hybrid option 
(2 modules) using exploratory analysis across three different volatility levels and five different 
cost structures. The cost for non-modular development is equally 144 across five different cost 
structures, but sequential modularization substantially diminishes development costs as the 
exponent increases. The real option values of flexible investment strategies are subject to 
volatility (u = log(volatility) and d = 1/u ).  Table B-1 shows that the value of the growth option 
is sensitive to cost structure but not so sensitive to volatility. The value of the waiting option is 
sensitive to volatility but independent of cost structure. When the exponent is high and volatility is 
moderate, the full sequential modular expansion is the most effective172. When the exponent is 
small (not more than 1.2) and volatility is high, the waiting option is the most effective. The 
hybrid option is the most effective when the exponent of cost function and the volatility is 
medium. 

                                                
172 Kulatilaka and Perotti (1997) find that the payoffs of growth options are greater in a competitive market. 
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Figure B-1. Real Option Analysis for Optimizing the Sequence of Modular Development 
u  = 3 rf  = 1.1 p = (rf-d)/(u-d) = 0.2875
d  = 0.33 1-p  =  0.7125

Multiplicative Stochastic Process 900
*3    300

100 100
*(1/3) 33

11

Period 1 Period 2 Period 3
3 modules

Build Build Build
MAX((.29*269+.71*6)/1.1-16,0)=58 MAX((.29*884+.71*84)/1.1-16,0)=269 MAX(900-16, 0) = 884

Build Build
MAX((.29*84+.71*0)/1.1-16, 0) = 6 MAX(100-16, 0) = 84

Stop
MAX(11-16, 0) = 0

2 modules
Build Build

(.29*231+.71*0)/1.1 = 60.4 MAX((.29*864+.71*64)/1.1-36,0)=231 MAX(900-36, 0) = 864
Stop Build

MAX((.29*64+.71*0)/1.1-36, 0) = 0 MAX(100-36, 0) = 64
Stop

MAX(11-36, 0) = 0

1 system
Build

(.29*756+.71*0)/1.1 = 198 MAX(900-144, 0) = 756
(.29*198+.71*0)/1.1 = 51.6 Stop

(.29*231+.71*0)/1.1 = 0 MAX(100-144, 0) = 0
Stop

MAX(11-144, 0) = 0

Table B-1. Results of Dynamic Programming and Real Option Analysis 

 Cost parameters (C=a*sb) a 16.77 9.80 4.00 1.63 0.67
b 1.2 1.5 2.0 2.5 3.0

Present 3 modules (3*a*2b) 105.4 75.8 43.8 25.3 14.6
Value of 2 modules (2*a*3b) 108.8 88.4 62.5 44.2 31.2

Cost 1 module  (1*a*6b) 119.0 119.0 119.0 119.0 119.0
# of modules Volitility (u) Real Option Value

3 small 40.5% (1.5) 0.0 24.2 56.2 74.7 85.4
modules 109.9% (3.0) 20.7 36.9 58.3 74.7 85.4

150.4% (4.5) 31.7 46.4 62.2 77.0 85.6
2 medium 40.5% (1.5) 14.3 25.0 38.4 51.2 60.9
modules 109.9% (3.0) 47.1 53.0 60.4 65.7 69.4

150.4% (4.5) 61.6 65.8 71.1 74.9 77.5
1 system 40.5% (1.5) 18.1 18.1 18.1 18.1 18.1

109.9% (3.0) 51.6 51.6 51.6 51.6 51.6
150.4% (4.5) 65.5 65.5 65.5 65.5 65.5

Optimal 40.5% (1.5) 1 module 2 modules 3 modules 3 modules 3 modules
# of modules 109.9% (3.0) 1 module 2 modules 2 modules 3 modules 3 modules

150.4% (4.5) 1 module 2 modules 2 modules 3 modules 3 modules
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Appendix C.  Supplements for the Agent-based Modeling 

Appendix C-1. Supplementary Explanations on the Agent-based Modeling  

Bass Innovation Diffusion Model 

System dynamics model simulates the diffusion of new innovation over time through the 

nonlinear interaction of positive and negative feedback loops. Bass model, the most well-known 

dynamic model for the diffusion of innovations, is given as (Sterman 2000): 

))()(
)(

()( tNM
M

tN
tn ii

i

i
iii

( ni(t) : the number of new adopters of an innovation, Ni(t): the total number of adopters of the innovation;  

Mi: the potential market size; i: the coefficient of external influence (which affects innovative early 

adopters); and i: the coefficient of internal influence (which affects imitative late adopters)) 

The Bass model is a dichotomous model to describe whether new technology is adopted or not, 

and divides the fraction of population as innovative adopters or imitative adopters. According to 

the Bass model, when carrying capacity is fixed, S-shaped growth arises. Bass model, as an 

aggregate model, assumes the same probability of the encounter between two members of the 

population (implying the random network). As noted earlier, a homogeneous probability of the 

encounter is an exception rather than a norm in the real world.  

Budget Allocations 

This simulation exercise assumes that the production function of each mission capability is a 

Cobb-Douglas function exhibiting constant returns to scale. If point-to-point interface is the only 

way to build complementary system capacity xi.j, the maximization of each mission’s capability 

subject to the budget Mj can be computed using the Lagrange multiplier as follows: 

j x1.j
 w1.j x2.j

 w2.j x3.j
 w3.j … x20.j

w20.j – j (p1 x1.j + p2 x2.j +… + pj xj.j
2 +…+ p20 x20.j – Mj) = 0  

The solution of this constrained optimization is the allocation of budget to each system 

module xi.j proportional to its exponent (Mi.j  wi.j) regardless of pi (semantic and technological 

distance). Even if we allow redundant system building (pi xi.j
2) as another way to build xi.j, the 

finding of Mi.j  wi.j still holds. However, if developing standardized system is also allowed as a 
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third way to build xi.j, the allocation of budgets according to wi.j is not an analytically derived 

optimal solution any more, but merely a heuristic approach. 

Centrality Measures 

Since degree centrality takes into account only the immediate ties, it may overemphasize the 

local star around the neighborhood. Closeness centrality measures the geodesic distance from 

each actor to all others. Betweenness centrality measures the degree of the individual’s position 

falling on the geodesic paths between other pairs of actors in the network, i.e. the intermediary 

value of an individual to all members of a network. However, closeness and betweenness 

centralities can be applied only to binary networks, but cannot be applied to valued networks. 

Table C-1. Federal IT Budgets in FY 2001-2003
($ million)

HUD DoD DoC Edu DoE EPA NSF HHS DHS SSA State DoJ DoI Trans DoL Treas OPM GSA NARA Sum
Budget 2001 329 23,319 964 581 1,088 339 2,656 3,921 691 713 1,873 1,902 2,448 365 2,876 82 387 43 44,576
Budget 2002 376 23,998 986 575 1,159 361 2,883 4,237 1,755 742 897 2,093 2,168 2,514 393 3,098 92 455 57 48,839
Budget 2003 354 26,805 1,107 580 1,142 375 2,938 4,481 3,008 737 891 2,051 2,384 2,661 497 3,241 120 460 62 53,895
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Appendix C-2. Equations used in the Blanche Program 

To learn about Blanche programming, refer to the beginners’ guide to Blanche Version 4.x  
(http://www.spcomm.uiuc.edu/Projects/TECLAB/Blanche/pages/Blanche_beginners_guide.pdf ) 

Attribute Variables:

deptscop [0] : a matrix of initial value 

mission [0] = max(mission * (NRAND(1, 0.03)), 0) 

socrisk [0] = Max(Min(socrisk * NRAND(1, 0.05),1.5),0.5) 

techgr [0] = 1 + poisson(techgr0 * 100 - 100) * 0.01 

budgettobe [1] = ( sigma_j(budgetsum_j) + 54 * 1.07 ^ T ) * mission_t  / sigma(mission_t) 

missionwt [1] = mission_t  / sigma(mission_t) 

tech0 [1] = techgr_i_t * tech0_i + sigma_j ( enactedr0_ji * socnet0_ji * max(tech0_j - techgr_i_t * 
tech0_i , 0) / socnet0_ij.indegree ) 

budgetgap [2] = max( budgettobe_t - budgetsum, 0) 

coremissionwt [2] = 1 / ( intermission_ij_t.indegree + 1 ) 

depthetsum [2] = 0.3 * semdist.indegree  

budgetgapwt [3] = budgetgap_t / sigma(budgetgap_t) 

budget [4] = 54 * 1.07 ^ T * budgetgapwt_t 

budgetsum [5] = budgetsum + budget_t 

budgeti0 [6] = budget_t  / (intdhet_t.indegree + 1) 

budgetitobe [6] = (budgetsum_i + budget_i_t) / (intermission_t.indegree + 1) 

deptarchitect [6] = sqrt(tech2_t * 0.05 * budget_t / (depthetsum + tech2_t.max - tech2_t)) 

deptarchitect4 [6] = sqrt(tech4_t * 0.03 * budget_t / (depthetsum + tech4_t.max - tech4_t)) 

fedarchitect [6] = sqrt(tech4_t.min * 0.02 * sigma_j(budget_j_t) / (40 + tech4_t.max - tech4_t.min)) 

budgetigap [7] = max(budgetitobe_t - budgetisum, 0) 

budgetijgapsum [9] = budgetigap_i_t + budgetijgap_ij_t.indegree 

budgetport [10] = budget_t  / budgetijgapsum_t 

budget2port [10] = 0.95 * budget_t  / budgetij2gapsum_t 

budget4port [10] = 0.95 * budget_t  / budgetij4gapsum_t 

budgeti [11] = budgetport_t * budgetigap_t 
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budgeti2 [11] = budget2port_t * budgeti2gap_t 

budgeti4 [11] = budget4port_t * budgeti4gap_t 

budgeti2sum [12] = budgeti2sum + budgeti2_t + 0.05 * 0.05 * budget_t 

budgeti4sum [12] = budgeti4sum + budgeti4_t + 0.05 * 0.05 * budget_t 

budgetisum [12] = budgetisum + budgeti_t 

corecap0 [12] = corecap0 + sqrt(budgeti0_t * tech0_t) 

corecap2 [12] = corecap2 + sqrt(budgeti2_t *  tech2_t) + deptarchitect_j_t 

corecap3 [12] = corecap3 + sqrt( (budgeti_t + budgetleft3.outdegree) *  tech3_t) 

corecap4 [12] = corecap4 + sqrt( (budgeti4_t + budgetleft4.outdegree) *  tech4_t) + 
deptarchitect4_j_t  + fedarchitect_j_t 

output# [20] = interopcap#_t.indegree 

soccapcen# [24] = socnet#_t.indegree + socnet#_t.outdegree 

productivity# [25] = sigma_j(interwt_ji_t * min(socnet#_ji_t / interopcap#_ji_t, 1)) + coremissionwt_t 
* (tech0_t / tech0_t.max)^1.0 

outcome# [30] = Exp( sigma_j(interwt_ji_t * log(interopcap#_ji_t))) * corecap#_t ^ coremissionwt_t 

miscapa# [50] = productivity#_t * outcome#_t 

density# [100] = enactedr#_t.indegree / 19 

total# [100] = sigma_j(missionwt_j_t * miscapa#_j_t) + missionwt_i_t * miscapa#_i_t 

(When a variable is applied to all the alternatives (0 to 4), the alternative number are replaced with 
‘#’ ) 

Relations Variables:

semdist [0]: a matrix of initial value of (technical and semantic) distances 

intermission [1] = min(max(intermission * (NRAND(1.005, 0.03)), 0.005) , 0.3) 

semtechdist0(,1,2,3,4) [2] = -1 * min(tech0_i_t - tech0_j_t, 0) + semdist_ij 

intdhet [3] = intermission_t  / semtechdist0_t  

interwt [4] = intermission_ij_t * coremissionwt_j_t 

budgetijtobe [7] = intermission_ij_t * budgetitobe_j_t 

budgetij0 [8] = intdhet_ij_t * budgeti0_j_t 

budgetij [11] = budgetijgap_ij_t * budgetport_j_t 
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budgetij2 [11] = budgetij2gap_ij_t * budgetport_j_t 

budgetij4 [11] = budgetij4gap_ij_t * budgetport_j_t 

budgetijgap [8] = max(budgetijtobe_t - budgetijsum, 0) 

budgetij2gap [8] = max(budgetijtobe_t - budgetij2sum - 0.05 * 0.05 * budget_t, 0) 

budgetij4gap [8] = max(budgetijtobe_t – budgetij4sum - 0.05 * 0.05 * budget_t, 0) 

budgetijsum [12] = budgetijsum + budgetij_t 

budgetij2sum [12] = budgetij2sum + budgetij2_t + 0.05 * 0.05 * budget_j_t 

budgetij4sum [12] = budgetij4sum + budgetij4_t + 0.05 * 0.05 * budget_j_t 

interopcap0 [15] = If tech0_t * budgetij0_t / semtechdist0_t > corecap0_i_t - interopcap0  Then 
corecap0_i_t + sqrt((budgetij0_t  - (corecap0_i_t - interopcap0) * semtechdist0_t / tech0_t) * 
tech0_t / semtechdist0_t) Else interopcap0 + tech0_t * budgetij0_t / semtechdist0_t 

interopcap1 [15] = If tech1_t * budgetij1_t / semtechdist1_t > corecap1_i_t – interopcap1  Then 
corecap1_i_t + sqrt((budgetij1_t  - (corecap1_i_t – interopcap1) * semtechdist1_t / tech1_t) * 
tech0_t / semtechdist1_t) Else interopcap1 + tech1_t * budgetij1_t / semtechdist1_t 

interopcap2 [15] = If tech2_t * budgetij2_t / semtechdist2_t > corecap2_i_t - interopcap2 - 
deptarchitect_j_t  Then corecap2_i_t + sqrt( (budgetij2_t  - (corecap2_i_t - interopcap2 - 
deptarchitect_j_t) * semtechdist2_t / tech2_t) * tech2_t / semtechdist2_t)  Else interopcap2 + 
deptarchitect_j_t + tech2_t * budgetij2_t / semtechdist2_t 

interopcap4 [15] = If tech4_t * budgetij4_t / semtechdist4_t > corecap4_i_t - interopcap4 - 
deptarchitect4_j_t  - fedarchitect_j_t  Then corecap4_i_t  Else interopcap4 + deptarchitect4_j_t 
+ fedarchitect_j_t + tech4_t * budgetij4_t / semtechdist4_t 

budgetleft3 [17] = If tech3_t * budgetij_t / semtechdist3_t > corecap3_i_t - interopcap3  Then 
budgetij_t  - (corecap3_i_t - interopcap3) * semtechdist3_t / tech3_t Else 0 

budgetleft4 [17] = If tech4_t * budgetij4_t / semtechdist4_t > corecap4_i_t - interopcap4 - 
deptarchitect4_j_t  - fedarchitect_j_t  Then budgetij4_t  - (corecap4_i_t - interopcap4 - 
deptarchitect4_j_t  - fedarchitect_j_t) * semtechdist4_t / tech4_t Else 0 

enactedr#(0,1,2) [20] = ((semtechdist#_t.min / semtechdist#_t)^3 * (soccapcen#_j / 
soccapcen#.max)^2 * (socnet#_ji/socnet#.max)^2 * (intermission/intermission.max)^1 * 
(mission_j/mission.max)^1 * (max(average(extsocnet#),average(extsocnet#-(t-2))) / 
socnet#)^1)^(0.1 * socrisk_t) 

enactedr#(3,4) [20] = ((semtechdist#_t.min / semtechdist#_t)^1 * (soccapcen#_j / soccapcen#.max)^2 
* (socnet#_ji/socnet#.max)^1 * (intermission/intermission.max)^3 * (mission_j/mission.max)^1 * 
(max(average(extsocnet#),average(extsocnet#-(t-2))) / socnet#)^2)^(0.1 * socrisk_t) 

socnet# [22] = enactedr#_t * interopcap#_t + (1 – enactedr#_t) * socnet#_ij 

Cognitive Relations Variables:
Xtsocnet#(0,1,2,3,4) [25] = (socnet#_ji_t + socnet#_ik_t)/2 
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Appendix C-3. System Capacities generated from Probabilistic Exploratory Modeling 
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Appendix C-4. Productivities generated from Probabilistic Exploratory Modeling 
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Appendix C-5. Statistical Analysis on Outputs from Probabilistic Exploratory Modeling

A statistical analysis using the data generated from the probabilistic exploratory modeling can 

confirm that the cause-and-effect relationships between drivers and outcomes are robust against 

various uncertainties. The OLS estimators in Table V-6 show that system capacities and 

productivities are two major determinants of the mission capabilities (with technology as a minor 

determinant). Two-stage least squares (2SLS) estimators articulate the chains of the cause-and-

effect relationships between drivers and outcomes: the first stage linkages from operational 

drivers (technology, government-wide and mission-wide standard systems, and utilization rate) to 

capacities and productivities, and the second stage linkages from technology, capacities, and 

productivities to mission capabilities. This regression confirms the significant and substantial 

indirect effects of the mission-wide or government-wide standard systems and the system 

utilization on the mission capabilities and the mutual interactions between system capacities and 

productivities. Technology turns out to be both direct and indirect drivers of the mission 

capabilities.

Table V-6. Relationships among Key Measures 
Dependent variable Log of Mission capability measure (# obs: 400)
Estimator OLS OLS 2SLS 2SLS
Instrumented var. System capacity Productivity

Coef. t Coef. t Coef. t Coef. t
Productivity (log) 1.07 (49.8) 0.94 (80.0) 0.84 (70.6) 0.78 (65.1)
System capacity (log) 0.92 (155.7) 0.80 (239.7) 0.93 (191.4) 0.95 (221.4)
Technology (log) 0.10 (18.9) 0.09 (15.4) 0.09 (15.5) 0.09 (14.3)
Enactment rate (log) -0.04 (11.4) 
Govt-wide standards (dummy) 0.00 (0.9) 
Mission-wide standards (dummy) 0.00 (2.6) 
Constant 0.04 (1.6) 0.01 (0.3) 0.03 (0.9) -0.06 (2.1)
Adj R-squared 0.999 0.998 0.998 0.998
First-stage equation
Productivity (log) 0.97 (11.8)
Govt-wide standards (dummy) 0.26 (21.3)
Mission-wide standards (dummy) 0.16 (20.1)
Technology (log) 0.29 (6.2) -0.041 (3.2)
System capacity (log) 0.087 (11.9)
Utilization rate (log) 0.137 (40.3)
Adj R-squared 0.841 0.912
Source: data generated from the probabilistic exploratory modeling (number of observations: 400) 
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Appendix D.  Spreadsheet for Public Safety Wireless Network Investment 

Appendix D-1.  Cost Analysis for the Baseline Alternative (Unit: KRW Million) 
 FY2005-07  FY2005-14  FY2005  FY2006  FY2007  FY2008  FY2009  FY2010  FY2011  FY2012  FY2013  FY2014

(Source: Tcha et al. 2004) 

Appendix D-2.  Cost Analysis for the TETRA Alternative (Unit: KRW Million)

 FY2005-07  FY2005-14  FY2005  FY2006  FY2007  FY2008  FY2009  FY2010  FY2011  FY2012  FY2013  FY2014

(Source: Tcha et al. 2004) 
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Appendix D-3.  Revised Cost Analysis for the Baseline (Terrestrial) Alternative 
(Unit: KRW Million)

 FY2005-07  FY2005-14  FY2005  FY2006  FY2007  FY2008  FY2009  FY2010  FY2011  FY2012  FY2013  FY2014

     203,395        445,871      43,003      54,611    105,781      28,648      11,484      27,678      27,294    106,749      29,181      11,443

     122,380        227,426      40,561      37,526      44,293        7,143        7,143      16,461      13,426      46,588        7,143        7,143

       55,047        110,093        9,319        6,283      39,445                -                -        9,319        6,283      39,445                -                -

       57,381          57,381      28,691      28,691

         9,952          59,952        2,552        2,552        4,848        7,143        7,143        7,143        7,143        7,143        7,143        7,143

       81,015        218,445        2,442      17,085      61,488      21,505        4,341      11,217      13,868      60,161      22,038        4,300

         6,671            6,671        4,811        1,860

       65,699        173,710           270        9,568      55,861      17,738           189        6,917        9,568      55,861      17,738

         5,786          28,534        1,219        1,753        2,814        2,814        3,199        3,347        3,347        3,347        3,347        3,347

            915            3,050           305           305           305           305           305           305           305           305           305           305

         1,944            6,480           648           648           648           648           648           648           648           648           648           648

This study has revised the original cost analysis made by Tcha et al. The major revisions include: 
The original baseline cost analysis made by Tcha et al is mixed since it includes the 
investments in new iDEN-based networks as well as the legacy networks. This revised 
baseline cost analysis does not include any new investment in new networks, but assumes 
that the legacy networks are maintained and renovated.  
The original cost analysis assumes the investment in replacing the legacy network 
infrastructures after six years, but the revised cost analysis assumes no replacement 
investment because it is unlikely to make massive reinvestment in obsolete technology in 
the future.  
Unlike the original cost analysis, this revised cost analysis excludes the expansion of the 
Police infrastructure after FY 2013. 
The original cost analysis includes the renovation costs for underground networks for the 
baseline alternative, but does not include any investment in underground infrastructure for 
the TETRA alternative. This inflated the baseline cost and deflated the alternative cost. The 
costs for underground wireless network for subway are made separate from the costs for 
the terrestrial networks. 
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Appendix D-4.  Revised Cost Analysis for TETRA-based Terrestrial Networks 
(Unit: KRW Million)

 FY2005-07  FY2005-14  FY2005  FY2006  FY2007  FY2008  FY2009  FY2010  FY2011  FY2012  FY2013  FY2014

347,505 695,674 48,990 111,463 187,053 37,115 20,361 43,995 41,182 147,168 38,043 20,305

270,886 489,019 47,501 96,680 126,706 16,563 17,081 33,854 28,390 88,083 17,081 17,081

251,818 417,541 43,887 89,635 118,296 9,158 9,580 26,353 20,889 80,582 9,580 9,580

143,672 143,672 24,562 75,774 43,337 0 0 0 0 0 0 0

119,752 119,752 17,561 65,011 37,181 0 0 0 0 0 0 0

18,900 18,900 3,780 15,120

78,952 78,952 10,289 38,613 30,050

5,700 5,700 600 3,300 1,800

14,100 14,100 2,802 7,168 4,131

2,100 2,100 90 810 1,200

23,920 23,920 7,001 10,763 6,156 0 0 0 0 0 0 0

18,442 18,442 2,704 10,012 5,726

789 789 789

3,305 3,305 3,305

1,384 1,384 203 752 430

99,084 198,168 16,773 11,309 71,002 0 0 16,773 11,309 71,002 0 0

7,657 10,209 2,552 2,552 2,552 2,552

1,405 65,491 1,405 6,606 9,580 9,580 9,580 9,580 9,580 9,580

19,068 71,478 3,613 7,045 8,410 7,405 7,501 7,501 7,501 7,501 7,501 7,501

1,319 1,319 1,319

3,591 3,591 2,394 1,197

106 2,761 106 297 393 393 393 393 393 393

4,483 20,302 734 1,489 2,260 2,260 2,260 2,260 2,260 2,260 2,260 2,260

9,570 43,506 1,560 3,162 4,848 4,848 4,848 4,848 4,848 4,848 4,848 4,848

76,619 206,655 1,489 14,783 60,347 20,552 3,280 10,141 12,792 59,085 20,962 3,224

5,134 5,134 0 3,462 1,672

65,699 173,710 270 9,568 55,861 17,738 189 6,917 9,568 55,861 17,738

5,786 27,811 1,219 1,753 2,814 2,814 3,091 3,224 3,224 3,224 3,224 3,224

This study has revised the original cost analysis made by Tcha et al. The major revisions include: 
The original cost analysis assumes that replacement investment occurs every six years, but 
the revised cost analysis allows more flexible schedule according to the expected life cycle 
of the infrastructure.  
Unlike the original cost analysis which excludes any cost involved with underground 
networks, this study will include the costs associated with underground networks for 
subway. The costs for underground wireless network are made separate in Appendix D-7. 
The networks in metropolitan areas will be built first, and then the networks in suburban, 
rural and coastal areas will be built over FY2006 and FY2007. Unlike the original cost 
analysis, the investments in the metropolitan area are split between FY2005 and FY2006. 
Because the TETRA-based network can share the newly built networks in metropolitan 
areas by the Police (five public switches and 108 fixed base stations), it can save the 
investment for metropolitan area (FY 2005 and FY 2006) 
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Appendix D-5.  Revised Cost Analysis for iDEN-based Terrestrial Networks 
(Unit: KRW Million)

 FY2005-07  FY2005-14  FY2005  FY2006  FY2007  FY2008  FY2009  FY2010  FY2011  FY2012  FY2013  FY2014

284,748 561,487 44,767 96,971 143,010 34,311 16,250 32,445 32,060 111,516 33,947 16,209

196,592 342,572 43,278 80,839 72,475 13,759 12,862 22,181 19,145 52,308 12,862 12,862

184,816 296,682 41,104 76,572 67,140 8,927 7,982 17,300 14,265 47,428 7,982 7,982

120,387 120,387 29,233 67,737 23,417 0 0 0 0 0 0 0

99,775 99,775 21,569 58,116 20,091 0 0 0 0 0 0 0

28,350 28,350 3,780 24,570

53,773 53,773 14,297 24,451 15,025

5,700 5,700 600 3,300 1,800

9,852 9,852 2,802 4,985 2,066

2,100 2,100 90 810 1,200

20,613 20,613 7,665 9,622 3,326 0 0 0 0 0 0 0

15,365 15,365 3,322 8,950 3,094

789 789 789

3,305 3,305 3,305

1,153 1,153 249 672 232

55,047 110,093 9,318 6,283 39,446 0 0 9,318 6,283 39,446 0 0

7,657 10,209 2,552 2,552 2,552 2,552

1,725 55,992 1,725 6,375 7,982 7,982 7,982 7,982 7,982 7,982

11,776 45,890 2,174 4,267 5,335 4,832 4,880 4,880 4,880 4,880 4,880 4,880

660 660 660 0 0 0 0 0 0 0 0 0

1,796 1,796 0 1,197 599 0 0 0 0 0 0 0

53 1,380 0 0 53 149 197 197 197 197 197 197

4,483 20,302 734 1,489 2,260 2,260 2,260 2,260 2,260 2,260 2,260 2,260

4,785 21,753 780 1,581 2,424 2,424 2,424 2,424 2,424 2,424 2,424 2,424

88,156 218,915 1,489 16,132 70,535 20,552 3,388 10,264 12,915 59,208 21,085 3,347

6,671 28,581 4,811 1,860

65,699 173,710 270 9,568 65,861 17,738 189 6,917 9,568 55,861 17,738

5,786 27,315 1,219 1,753 2,814 2,814 3,199 3,347 3,347 3,347 3,347 3,347

The assumptions made in this cost analysis are as follows: 
Because the nearly full capacity of commercial networks can be used in the metropolitan 
areas by the private sectors during the critical incidents, the iDEN networks are not 
assumed to share the capacity with commercial services in the metropolitan areas. The 
iDEN-based network cannot share the Police networks (five public switches and 108 fixed 
base stations) either. Hence, it should build its own infrastructure in the metropolitan areas.  
The costs for expansion and operation for the Police network also increase. Especially, for 
the seamless communication between the metropolitan Police and other public safety 
agencies, 2,000 sets of iDEN terminals are assumed to be distributed to the Police officers.  
On the other hand, because the capacity for commercial services is only partially used in 
non-metropolitan area and underground area, the infrastructure costs in these areas are 
assumed to be evenly shared between the public and the private services. Hence, the 
investment in FY 2006 and FY 2007 decreases. 
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Appendix D-6. Cost Analysis for Switching Standards for Terrestrial Networks 
(Unit: KRW Million)

 FY2005-07  FY2005-14  FY2005  FY2006  FY2007  FY2008  FY2009  FY2010  FY2011  FY2012  FY2013  FY2014

319,700 604,131 48,990 124,939 145,772 35,514 17,344 33,524 33,139 112,595 35,026 17,288

243,081 397,476 47,501 110,156 85,425 14,962 14,064 23,383 20,347 53,510 14,064 14,064

227,639 347,181 43,887 103,715 80,037 10,024 9,079 18,397 15,361 48,524 9,079 9,079

146,757 146,757 24,562 85,561 36,634 0 0 0 0 0 0 0

119,225 119,225 17,561 70,234 31,431 0 0 0 0 0 0 0

34,020 34,020 3,780 18,900 11,340

64,062 64,062 10,289 38,748 15,025

6,300 6,300 600 3,900 1,800

12,653 12,653 2,802 7,786 2,066

2,190 2,190 90 900 1,200

27,532 27,532 7,001 15,327 5,204 0 0 0 0 0 0 0

18,361 18,361 2,704 10,816 4,840

1,184 1,184 789 395

6,610 6,610 3,305 3,305

1,378 1,378 203 812 363

71,820 126,866 16,773 15,601 39,446 0 0 9,318 6,283 39,446 0 0

7,657 10,209 2,552 2,552 2,552 2,552

1,405 63,348 0 1,405 7,471 9,079 9,079 9,079 9,079 9,079 9,079

15,442 50,295 3,613 6,441 5,388 4,938 4,986 4,986 4,986 4,986 4,986 4,986

1,979 1,979 1,319 660 0 0 0 0 0 0 0 0

1,796 1,796 1,197 599 0 0 0 0 0 0 0

106 2,172 0 106 254 302 302 302 302 302 302

5,217 21,036 734 2,223 2,260 2,260 2,260 2,260 2,260 2,260 2,260 2,260

6,345 23,313 1,560 2,361 2,424 2,424 2,424 2,424 2,424 2,424 2,424 2,424

76,619 206,655 1,489 14,783 60,347 20,552 3,280 10,141 12,792 59,085 20,962 3,224

5,134 5,134 0 3,462 1,672

65,699 173,710 270 9,568 55,861 17,738 189 6,917 9,568 55,861 17,738

5,786 27,811 1,219 1,753 2,814 2,814 3,091 3,224 3,224 3,224 3,224 3,224

 FY2005-07  FY2005-14  FY2005  FY2006  FY2007  FY2008  FY2009  FY2010  FY2011  FY2012  FY2013  FY2014

239,951 509,121 48,990 84,624 106,338 31,500 14,228 37,862 30,022 109,478 31,910 14,172

161,795 300,929 47,501 68,492 45,803 10,948 10,948 27,721 17,230 50,393 10,948 10,948

153,487 275,822 43,887 66,197 43,403 8,548 8,548 25,321 14,830 47,993 8,548 8,548

24,562 24,562 24,562 0 0 0 0 0 0 0

17,561 17,561 17,561 0 0 0 0 0 0 0

3,780 3,780 3,780

10,289 10,289 10,289

600 600 600

2,802 2,802 2,802

90 90 90

7,001 7,001 7,001 0 0 0 0 0 0 0

2,704 2,704 2,704

789 789 789

3,305 3,305 3,305

203 203 203

57,362 57,362 57,362

62,501 125,003 16,773 6,283 39,446 0 0 16,773 6,283 39,446 0 0

7,657 57,657 2,552 2,552 2,552 7,143 7,143 7,143 7,143 7,143 7,143 7,143

1,405 11,239 0 1,405 1,405 1,405 1,405 1,405 1,405 1,405 1,405

8,308 25,108 3,613 2,294 2,400 2,400 2,400 2,400 2,400 2,400 2,400 2,400

1,319 1,319 1,319 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

106 844 0 106 106 106 106 106 106 106 106

2,203 7,344 734 734 734 734 734 734 734 734 734 734

4,680 15,600 1,560 1,560 1,560 1,560 1,560 1,560 1,560 1,560 1,560 1,560

78,156 208,192 1,489 16,132 60,535 20,552 3,280 10,141 12,792 59,085 20,962 3,224

6,671 6,671 0 4,811 1,860

65,699 173,710 270 9,568 55,861 17,738 189 6,917 9,568 55,861 17,738

5,786 27,811 1,219 1,753 2,814 2,814 3,091 3,224 3,224 3,224 3,224 3,224



177

 FY2005-07  FY2005-14  FY2005  FY2006  FY2007  FY2008  FY2009  FY2010  FY2011  FY2012  FY2013  FY2014
387,852 743,939 44,767 156,411 186,674 38,246 21,492 45,126 42,313 148,299 39,174 21,436

311,233 537,284 43,278 141,628 126,327 17,694 18,212 34,985 29,521 89,214 18,212 18,212

290,043 463,315 41,104 130,970 117,969 10,236 10,658 27,432 21,968 81,661 10,659 10,659

172,906 172,906 29,233 100,335 43,337 0 0 0 0 0 0 0

141,321 141,321 21,569 82,571 37,181 0 0 0 0 0 0 0

22,680 22,680 3,780 18,900

93,249 93,249 14,297 48,902 30,050

6,300 6,300 600 3,900 1,800

16,902 16,902 2,802 9,969 4,131

2,190 2,190 90 900 1,200

31,585 31,585 7,665 17,764 6,156 0 0 0 0 0 0 0

21,763 21,763 3,322 12,716 5,726

1,184 1,184 789 395

6,610 6,610 3,305 3,305

1,634 1,634 249 955 430

108,402 207,486 9,318 28,082 71,002 0 0 16,773 11,309 71,002 0 0

7,657 10,209 2,552 2,552 2,552 2,552

1,078 72,714 1,078 7,684 10,658 10,659 10,659 10,659 10,659 10,659

21,190 73,969 2,174 10,658 8,358 7,458 7,554 7,554 7,554 7,554 7,554 7,554

1,979 1,979 660 1,319

3,591 3,591 0 2,394 1,197

53 3,077 0 0 53 350 446 446 446 446 446 446

5,217 21,036 734 2,223 2,260 2,260 2,260 2,260 2,260 2,260 2,260 2,260

10,350 44,286 780 4,722 4,848 4,848 4,848 4,848 4,848 4,848 4,848 4,848

76,619 206,655 1,489 14,783 60,347 20,552 3,280 10,141 12,792 59,085 20,962 3,224

6,671 28,581 0 3,462 1,672

65,699 173,710 270 9,568 55,861 17,738 189 6,917 9,568 55,861 17,738

5,786 27,315 1,219 1,753 2,814 2,814 3,091 3,224 3,224 3,224 3,224 3,224

 FY2005-07  FY2005-14  FY2005  FY2006  FY2007  FY2008  FY2009  FY2010  FY2011  FY2012  FY2013  FY2014

238,789 493,114 44,767 83,844 110,178 30,340 13,176 29,371 28,986 108,442 30,873 13,135

155,633 279,199 43,278 67,712 44,643 9,788 9,788 19,107 16,071 49,234 9,788 9,788

150,377 262,973 41,104 66,197 43,076 8,221 8,221 17,540 14,504 47,666 8,221 8,221

29,233 29,233 29,233 0 0 0 0 0 0 0 0

21,569 21,569 21,569 0 0 0 0 0 0 0

3,780 3,780 3,780

14,297 14,297 14,297

600 600 600

2,802 2,802 2,802

90 90 90

7,665 7,665 7,665 0 0 0 0 0 0 0

3,322 3,322 3,322

789 789 789

3,305 3,305 3,305

249 249 249

57,362 57,362 57,362

55,047 110,093 9,319 6,283 39,445 0 0 9,319 6,283 39,445 0 0

7,657 57,657 2,552 2,552 2,552 7,143 7,143 7,143 7,143 7,143 7,143 7,143

1,078 8,628 1,078 1,078 1,078 1,078 1,078 1,078 1,078 1,078

5,256 16,226 2,174 1,514 1,567 1,567 1,567 1,567 1,567 1,567 1,567 1,567

660 660 660

0 0 0

53 422 0 0 53 53 53 53 53 53 53 53

2,203 7,344 734 734 734 734 734 734 734 734 734 734

2,340 7,800 780 780 780 780 780 780 780 780 780 780

83,156 213,915 1,489 16,132 65,535 20,552 3,388 10,264 12,915 59,208 21,085 3,347

6,671 28,581 4,811 1,860

65,699 173,710 270 9,568 60,861 17,738 189 6,917 9,568 55,861 17,738

5,786 27,315 1,219 1,753 2,814 2,814 3,199 3,347 3,347 3,347 3,347 3,347



178

Since adaptations often cost far more than expected, it is important not to underestimate the cost 
of the adaptations. The assumptions made in these cost analyses are as follows: 

This exercise does not assume that switching is remodeling of the previous network, but 
assumes building another network from scratch (no recycling of the previous system and 
hence no recovery of sunk costs). It’s because TETRA-based government network and 
iDEN-based commercial network will be managed by different owners. 
If TETRA is adopted as standard in the first year and switched into iDEN in the second 
year, both TETRA-based and iDEN-based networks will be redundantly built and operated 
in the metropolitan area (iDEN-based network is also built in the rest of the nation). 
If iDEN is adopted in the first year and switched into TETRA in the second year, it again 
assumes that both TETRA-based and iDEN-based networks will be built and operated in 
the metropolitan area. Since iDEN is inferior to TETRA, maintaining iDEN-based network 
will add little value, and this assumption may somewhat inflate the switching costs more 
than necessary. 
When a switch of TRS standard occurs, it is assumed that the second BPR/ISP study cost 
for another TRS standard will be the half of the first BPR/ISP study cost since most of the 
earlier study can be reused. 
In terms of operational adaptations, the Police that began to build and use TETRA-based 
networks report that they got fully used to new technology within a month. Major 
uncertainties of operational effectiveness does not stem from learning how to use new 
technology, but from building capabilities of collaborating with other agencies (regardless 
of which technology they adopt). 
Although TETRA technology provides a few more functions, TETRA and iDEN is very 
similar technology (just as most people do not care much about whether their cellular 
phones are based on GSM or CDMA standard), and little additional cost is expected for 
users to get adapted to another technology. 
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Appendix D-7.  Revised Cost Analysis for Underground Networks 
(Unit: KRW Million)

 FY2005-07  FY2005-14  FY2005  FY2006  FY2007  FY2008  FY2009  FY2010  FY2011  FY2012  FY2013  FY2014

       74,929        111,976      12,301        4,301      58,327        5,394        5,326        5,364        5,164        5,081        5,394        5,326

       60,590          60,590        8,000      52,590

            796            3,256           796           453           385           423           223           140           453           385

       13,543          48,130 4,301      4,301      4,941      4,941      4,941      4,941      4,941      4,941      4,941      4,941      

     180,163        264,365      12,301        4,301    163,561           640      13,440      13,440      13,440      16,361      13,440      13,440

168,000     168,000      8,000      160,000

2,921         5,843          2,921      2,921      

9,242         90,522        4,301      4,301      640         640         13,440    13,440    13,440    13,440    13,440    13,440    

       82,865        119,688      12,301        4,301      66,263           640        5,760        5,760        5,760        7,383        5,760        5,760

72,000       72,000        8,000      64,000    

1,623         3,246          1,623      1,623      

9,242         44,442        4,301      4,301      640         640         5,760      5,760      5,760      5,760      5,760      5,760      

The assumptions made in this cost analysis are as follows: 
There are 7 subway corporations in Korea. Two of them (Daejeon and Kwnagju) will start 
to operate on or after 2007, and they are excluded in this analysis. The remaining five 
subways include Seoul 1-4 lines (135km), Seoul 5-8 lines (152km), Pusan (70km), Daegu 
(26km), and Incheon (22km). The total length of them is 405km. 
The baseline renovation costs for Seoul and Pusan metropolitan subway are quoted from 
the actual official budget plan (Tcha et al. 2004), and the renovation costs for the rest of 
subway lines is assumed to be equal to the renovation costs of the Pusan subway (= 200 
million KRW / km). 
The third subway line in Pusan will be built using TETRA technology in FY 2005. Its 
procurement bid ended up with 8 billion KRW for 18.3 km line. This study assumes that 
TETRA and iDEN infrastructure cost is 400 million KRW / km.  
Since the TETRA network is dedicated for public safety use only, the government should 
fully bear its costs. On the other hand, if the iDEN network which has been already 
operating by the private sectors is shared for the public safety use, the social cost should be 
shared as well. This study assumes that the government bears 40 percent of the fixed cost 
of infrastructure and the full cost of user equipments. 
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Appendix D-8. Growth Forecasts of the Mobile Communication Sales

The expected value of the TRS network is subject to the uncertainties of its life span. The TRS 
network will be replaced with a next generation wireless broadband network in the future to meet 
the growing demand of data communication for public safety. This study assumes that the demand 
of wireless data communication for public safety is perfectly correlated (or grows in parallel) with 
the market size of wireless data communication for general uses. 

The general wireless data communication market stochastically evolves, and Table D8-1 
shows the historic data of mobile communication sales in Korea. Volatility can be estimated as the 

standard deviation of log(growth) = 0.1968. From this volatility estimate, u = exp(volatility) = 1.2175. 
Table D8-2 shows the forecasts of mobile communication sales in Korea (assuming both voice 

and data communication sales growths are constant after 2009). If we multiplies u and (1/u) to the 
expected data communication sales in 2005 and 2006, we can get four diverging growth scenarios. 
These can be mapped into the decision tree in Figure D8-1. Although the transition to a new 
infrastructure should consider many strategic aspects, this study will simply assume that the next 
generation wireless broadband network will replace the TRS-based networks when data 
communication sales exceed voice communication sales. Faster (slower) growth of data 
communication will expedite (delay) the switch to next-generation broadband networks and hence 
reduce (increase) the life span of the TRS-based networks. With this assumption, the life span of 
the TRS network can be estimated as shown in Table D8-2. The consequent diverging life-cycle 
present values of the TRS network can be mapped into the event tree as shown in Figure D8-2. If 
we calculate u or (1/u) for branches of this event tree, the geometric mean of u is about 1.2 
(similar to what is obtained from market volatility). Using this parameter, we can construct an 
event tree of the TRS network value as shown in Figure VI-9.

Table D8-1. Historic Growths of the Mobile Communication Sales (Unit: KRW Billion)

Source: Lee, 2004

Year Total sales Growth Log(Growth)
1997 3,328 - -
1998 5,322 1.5993 0.4695
1999 8,662 1.6274 0.4870
2000 11,926 1.3769 0.3198
2001 13,649 1.1445 0.1349
2002 14,580 1.0682 0.0660
2003 15,425 1.0580 0.0564

Std Dev 4,733 0.2601 0.1968
Average 10,413 1.2913 0.2556
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Table D8-2. Growth Forecasts and 4 Plausible Scenarios of the Data Communication Sales

Year Total sales
(expected)

Voice sales
(expected)

Data sales
(expected)

Data sales
growth

2002 14,580       13,451       1,129 *u2 *u *(1/u) *(1/u)2

2003 15,425       13,459       1,966         1.742 fastest faster slower slowest
2004 1,618         13,101       3,080         1.566 growth growth growth growth
2005 1,681         12,712       4,100         1.331 4,992        4,992        3,368        3,368
2006 1,732         12,267       5,050         1.232 7,486        6,149        4,148 3,407
2007 1,772         11,835       5,880         1.164 8,716        7,159        4,830        3,967
2008 1,800         11,561       6,438         1.095 9,543        7,838        5,288        4,343
2009 18,609       11,561       7,048         1.095 10,447      8,581        5,789        4,755
2010 19,277       11,561       7,716         1.095 11,438      9,394        6,338        5,205
2011 20,008       11,561       8,447         1.095 12,522 10,285      6,938        5,699
2012 20,809       11,561       9,248         1.095 13,709      11,260      7,596        6,239
2013 21,686       11,561       10,125       1.095 15,008 12,327 8,316        6,830
2014 22,645       11,561       11,085       1.095 16,431      13,496      9,104        7,478
2015 23,696       11,561 12,135 1.095 17,988      14,775      9,967        8,187
2016 24,846       11,561       13,286       1.095 19,694      16,175      10,912      8,963
2017 26,106       11,561       14,545       1.095 21,560      17,709 11,946 9,812
2018 27,484       11,561       15,924       1.095 23,604      19,387      13,079      10,742
2019 28,994       11,561       17,433       1.095 25,841      21,225      14,319 11,761

Life span 10 years 6 years 8 years 12 years 14 years

Data sales (4 scenarios)

Source: Forecasts until 2008: Lee, 2004; Forecasts after 2009 and four scenarios: the Author’s calculation  

Figure D8-1. Event Tree of Mobile Data Communication Sales (V0: Expected value in 2006) 
                    u2 V0=7486bil 
          u V0=6149bil   
  V0 = 5050bil               V0 = 5050bil 
  ( u=1.2175 )    1/u V0=4148bil 
                    (1/u)2 V0=3407bil 

Figure D8-2. Event Tree of Life-cycle Value of the TETRA-based Network  
                  1/u  PV2010=147mil   
        1/u PV2012=198mil    u   
  PV2014=242mil              PV2014=242mil          u=1.2  
         u  PV2016=280mil   1/u             (geometric mean)

                  u  PV2018=313mil   
.
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Appendix D-9. Estimation of the Benefits of a Consolidated Wireless Network

Tcha et al. (2004) find from a preliminary survey that over 90 percent of experts believe that a 

consolidated wireless network alone cannot improve the disaster mitigation, but it should be 

accompanied with appropriate changes of the Standard Operating Procedures (SOP). The current 

SOPs constrain field workers to communicate only vertically (through hierarchy) within 

organizational boundaries, and inter-agency coordination is allowed only across the upper level of 

hierarchy. To realize the potential values of a new consolidated wireless network, new SOPs 

should allow horizontal inter-agency communication and collaboration directly among field 

workers. Hence, only the joint implementation of revised SOPs, inter-organizational collaboration 

and a consolidated network can improve the disaster response mission capabilities. 

The preliminary feasibility study estimated the benefits of a consolidated network as follows: 

= Joint mitigation effects * Contribution of a network * Expected annual disaster loss values 

Using the survey of 45 various experts about joint mitigation effects and contribution of a 

network and the government statistics about annual property losses and deaths, the benefits (i.e. 

the mitigated property losses and deaths) derived from a consolidated network are computed as 

shown in Table D9-1 and Table D9-2. 

Table D9-1. Mitigated Property Losses by a Consolidated Network (Source: Tcha et al. 2004) 
Joint mitigation 
effects (%) 

Contribution of 
a network (%) 

Mitigation 
effects of a 
network (%) 

Expected annual 
property losses 
(KRW Billion) 

Benefits of a 
network  
(KRW Billion)

Natural disaster 7.64 14.11 0.98 2,229 21.9 

Forest fire 9.24 13.79 1.22 16 .2 

Fires 3.67 13.89 0.47 165 .8 

Explosion 4.77 13.64 0.55 14 .1 

Traffic accidents 4.09 15.33 0.54 452 2.4 

Other disasters 3.40 7.52 0.52 110 .2 

Sum (weighted average) 0.86 2,988 25.6 

(US$1 is approximately KRW 1,000; all the values are estimated in FY 2003 constant price) 
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Table D9-2. Mitigated Deaths by a Consolidated Network (Source: Tcha et al. 2004) 
Joint mitigation 
effects (%) 

Contribution of 
a network (%) 

Mitigation 
effects of a 
network (%) 

Expected annual 
deaths (persons) 

Benefits of a 
network 
(persons) 

Natural disaster 6.64 16.96 1.06 174 2 

Forest fire 8.30 15.00 1.02 11 0 

Fires 5.67 12.58 0.39 518 2 

Explosion 4.75 13.23 0.60 10 0 

Traffic accidents 5.88 14.52 0.50 8,766 47 

Other disasters 4.71 12.58 0.23 1,146 1 

Sum (weighted average) 0.49 10,625 52 

Monetary value 52 lives * KRW 350 million (FY 2003 constant price)  =  KRW 18.3 billion 

(Monetary value of a life that is defined by the Kim et al. (2001) is officially used in all the preliminary 

feasibility studies to assess public investments in Korea). 

As shown in the above tables, mitigation effects of a network are estimated between 0.23 

percent and 1.22 percent of the expected annual disaster loss. The weighted averages are 0.86 

percent for the mitigation of property loss, and 0.49 percent for the mitigation of deaths. 
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Glossary 

Add-ons: optional computer hardware or software modules that supplement or enhance the 
original unit they are adding on to. Also known as plug-ins, extensions, snap-ins, or various other 
vendor-specific names, these modules often have proprietary interfaces that are tightly held by the 
company that manufactured the original unit in order to prevent competing companies from 
producing add-ons. Manufacturers can use add-ons to create vendor lock-in by limiting upgrade 
options to only those available from or endorsed by the original manufacturer. For example, a 
network switch may ship with an unoccupied but non-standard port to accommodate various 
optional physical layer connectors, while games and productivity applications often use plug-in 
architectures which allow original and third-party publishers to add functionality. Web browsers 
use plug-ins to enable the presentation of new content formats without modifying the underlying 
web browser.   

Application: an information system orchestrating and/or aggregating components and/or 
services to automate a business process. 

Architecture: This term can refer to either hardware or software, or to a combination of 
hardware and software. The architecture of a system always defines its broad outlines, and may 
define precise mechanisms as well. An open architecture allows the system to be connected easily 
to devices and programs made by other manufacturers. Open architectures use off-the-shelf 
components and conform to approved standards. A system with a closed architecture, on the other 
hand, is one whose design is proprietary, making it difficult to connect the system to other 
systems. 

Back-office: is a part of most corporations where tasks dedicated to running the company itself 
take place. Examples of back-office tasks include IT departments that keep the phones and 
computers running, accounting, and human resources. In banking the back office is the 
heavyweight IT processing systems that handle position keeping, clearance, and settlement. 

BPR (Business Process Re-engineering): An approach for redesigning the way work is done in 
an organization to better support the organization's mission and reduce costs. 

Business Function: An ongoing functional capability of an organization sustained over time. 
Business Process: A collection of related, structured activities -- a chain of events -- producing 

a specific service or product for a particular stakeholder or stakeholder group. 
Capability: A system of activities, tangible assets, skills, information bases, managerial 

systems, and values together creating a special advantage for an organization. 
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Component: A self-contained business process or service with pre-determined functionality 
exposed through a business or technology interface. 

Data Dictionary: A collection of descriptions of the data elements or items in a data model for 
the benefit of programmers and others who need to refer to them. When developing programs 
using the data model, a data dictionary can be consulted to understand where a data item fits in the 
structure, what values it may contain, and basically what the data item means in real-world terms. 

Data Element: A basic unit of data having a meaning and distinct units and values. 
Front-office: In Business, it refers to sales, marketing or other divisions in a company that 

involves interactions with customers. 
Grid computing: Unlike conventional networks that focus on communication among devices, 

grid computing harnesses unused processing cycles of all computers in a network for solving 
problems too intensive for any stand-alone machine. A well-known grid computing project is the 
SETI (Search for Extraterrestrial Intelligence) @Home project, in which PC users worldwide 
donate unused processor cycles to help the search for signs of extraterrestrial life by analyzing 
signals coming from outer space.  

Information Value Chain Model: A set of artifacts within the EA describing how the enterprise 
converts its data into useful information. 

Initiative: A project or program used to implement a new capability or improve an existing 
capability. Initiatives need time and resource commitments and should be aligned with the 
organization's strategy. 

Interface: (n.) A connection between two dissimilar processes, components, services, 
applications, or devices (or any combination thereof). Software interface is the languages and 
codes that the applications use to communicate with each other and with the hardware, and 
hardware interface is the wires, plugs and sockets that hardware devices use to communicate with 
each other.  (v.) To connect with or interact with by means of an interface. 

Interoperability Standard: A set of rules, requirements, or conditions enabling information 
systems to operate together. Interoperability standards can address communication protocols 
and/or hardware, software, application, and data compatibility. Interoperability standards should 
be non-proprietary in nature. Examples of interoperability standards include TCP/IP, HTTP, etc. 

Message-Oriented Middleware: Software created to mediate (manage the interaction) between 
multiple applications across various computing platforms via message-passing mechanisms. 

Metadata Registry: An information system providing for the storage, cataloging, discovery, 
management, and retrieval of metadata elements. 
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Metadata: Metadata is "data about data." In other words, it is an unambiguous description or 
definition of the content, context, structure, quality, condition, semantics, and other characteristics 
of a data element for the purposes of representing the data element to a potential user for 
discovery and evaluation for potential use, access, transfer, and citation. 

Middleware: Software that connects two otherwise separate applications. For example, there 
are a number of middleware products that link a database system to a Web server. This allows 
users to request data from the database using forms displayed on a Web browser, and it enables 
the Web server to return dynamic Web pages based on the user's requests and profile.  The term 
middleware is used to describe separate products that serve as the glue between two applications. 
It is, therefore, distinct from import and export features that may be built into one of the 
applications. Middleware is sometimes called plumbing because it connects two sides of an 
application and passes data between them.  

N-Tier Application Architecture: It provides a model for developers to create a flexible and 
reusable application. By breaking up an application into tiers, developers only have to modify or 
add a specific layer, rather than have to rewrite the entire application over, if they decide to 
change technologies or scale up. In "N-tier" architecture, any number of distinct tiers can be used  

Node Diagram: Diagrams depicting the interdependencies between elements of the architecture. 
Node diagrams can be used to describe the interaction of business functions with technology 
components, the relationship of performance objectives to elements of the architecture, and other 
relationships.

Platform: The underlying architecture of hardware and software configurations constituting the 
computing environment hosting specific services, components, and applications. In its simplest 
form, a platform constitutes a specific hardware/operating system combination. More complex 
platforms might include layered operating environments on top of a basic OS/hardware 
combination, such as a virtual machine, programming language runtime, or application server. 

Quality of Service (QoS): a networking term that specifies a guaranteed throughput level. A 
traffic contract (Service Level Agreement) specifies guarantees for the ability of a 
network/protocol to give guaranteed performance/throughput/latency bounds based on mutually 
agreed measures, usually by prioritizing traffic. 

Semantics: In linguistics, the study of meanings. In computer science, the term is frequently 
used to differentiate the meaning of an instruction from its format. The format, which covers the 
spelling of language components and the rules controlling how components are combined, is 
called the language's syntax.
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Service level agreement (SLA): a contract between an ASP and the end user which stipulates 
and commits the ASP to a required level of service. An SLA should contain a specified level of 
service, support options, enforcement or penalty provisions for services not provided, a 
guaranteed level of system performance as relates to downtime or uptime, a specified level of 
customer support and what software or hardware will be provided and for what fee. 

Service Oriented Architecture: Representation of a system where the functionality is provided 
as a set of services called by other parts of the system. 

Shared Services: Architectural elements (business processes and/or technology components) 
used by multiple organizations within the enterprise. 

Standard: A definition or format that has been approved by a recognized standards 
organization or is accepted as a de facto standard by the industry. Standards exist for 
programming languages, operating systems, data formats, communications protocols, and 
electrical interfaces. From a user's standpoint, standards are extremely important in the computer 
industry because they allow the combination of products from different manufacturers to create a 
customized system. Without standards, only hardware and software from the same company could 
be used together. In addition, standard user interfaces can make it much easier to learn how to use 
new applications.  Most official computer standards are set by one of the following 
organizations: ANSI (American National Standards Institute), ITU (International 
Telecommunication Union), IEEE (Institute of Electrical and Electronic Engineers), and ISO 
(International Standards Organization). In addition to standards approved by organizations, there 
are also de facto standards. These become standards simply because a large number of companies 
have agreed to use them although they have not been formally approved as standards. 

Ubiquitous computing, or pervasive computing: The idea that technology is moving beyond 
the personal computer to everyday devices with embedded technology and connectivity as 
computing devices become progressively smaller and more powerful. It is the result of computer 
technology advancing at exponential speeds -- a trend toward all man-made and some natural 
products having hardware and software. Pervasive computing goes beyond the realm of personal 
computers: it is the idea that almost any device, from clothing to tools to appliances to cars to 
homes to the human body to your coffee mug, can be imbedded with chips to connect the device 
to an infinite network of other devices. The goal of pervasive computing, which combines current 
network technologies with wireless computing, voice recognition, Internet capability and artificial 
intelligence, is to create an environment where the connectivity of devices is embedded in such a 
way that the connectivity is unobtrusive and always available. 
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UDDI Directory: A UDDI (Universal description, discovery and integration) directory is an 
online directory providing businesses and organizations a uniform way to describe their services, 
discover other organizations ' services and understand the methods required to conduct business 
with a specific organization. 

Web services: a standardized way of integrating web-based applications using the XML, 
SOAP, WSDL and UDDI open standards over an Internet protocol backbone. XML is used to tag 
the data, SOAP is used to transfer the data, WSDL is used for describing the services available 
and UDDI is used for listing what services are available. Used primarily as a means for businesses 
to communicate with each other and with clients, Web services allow organizations to 
communicate data without intimate knowledge of each other's IT systems behind the firewall. 
Web services share business logic, data and processes through a programmatic interface across a 
network. The applications interface, not the users. Web services allow different applications from 
different sources to communicate with each other without time-consuming custom coding, and 
because all communication is in XML, Web services are not tied to any one operating system or 
programming language.  

WSDL: Web services description language is a meta-language used to describe service 
specifications. WSDL provides interface/implementation details of available web services, and 
leverages XML to describe data types, details, interface, location and protocols. WSDL 
specifications are typically published to a UDDI directory to enable service discovery. 

XML (eXtensible Markup Language): A widely used standard specification from the World 
Wide Web Consortium to create the own customized tags, enabling the definition, transmission, 
validation, and interpretation of data between applications and between organizations  
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