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ABSTRACT

Cities are in an eternal state of change. They grow in size, in density, richer or poorer; they even change
their main characteristics. Infrastructure planning is a key concern behind the successful planning of the
constantly changing modern cities. Infrastructure planning is a complex task with large investment
involved. Expenditure on infrastructure is one of the largest items between countries' budgets.
Infrastructure investment is acknowledged as a main economic growth factor and with a significant impact
on the quality of life “Health, Safety, Economic Opportunities” from both environmental and social aspects.
Infrastructure investments usually involve the expenditure of large capital; however, infrastructure
investments are declining worldwide.

The aim of the research is to devise a spatial decision support system (SDSS) framework to facilitate the
resource allocation process for infrastructure, involving different decision-makers. This paper reports and
analyses various strategies (Pro-poor policy, Market Based, Environmental) and methods (Economic
Opportunities, Equity Based) that concern infrastructure resource allocation’s decisions with different
infrastructure goals in assigning expenditures priorities on infrastructure needs. In order to define the
adopted criteria for infrastructure resource allocation process based on Current Policymakers concern,
recent and on-going studies. Based on the priority concern for policymakers and economic and
infrastructure researchers the research adopted the fair distribution of infrastructure resources targeting
the pro-poor policy and equity based concept.

Thus identifying the workflow, processes, and methods for the adopted criteria, which will represent the
complete decision process in order to design a framework for spatial decision support system (SDSS) and
implement initial spatial decision support system SDSS framework that covers the adopted decision
criteria of infrastructure resource allocation. The main objective of spatial decision support system SDSS
is to support decision makers (e.g. government or municipalities, promoters, etc.) in achieving equitable
distribution of infrastructure service the best use of the available infrastructure resources. Thereafter,
simulating a real-world situation in order to operate the implemented SDSS to further evaluate the
adopted criteria and the selected processes and methods.
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SPATIAL DECISION SUPPORT SYSTEM FOR INFRASTRUCTURE RESOURCE ALLOCATION

1. INTRODUCTION

Cities are a dynamic creature. They are in an eternal state of change. They grow in size, in density, richer
or poorer; they even change their main characteristics. Therefore, the need for a successful plan is always
there. One key concern behind the successful planning of the constantly changing modern cities is
infrastructure planning. Infrastructure planning is a complex task with large investment involved, as the
spending on public infrastructure generally ranges from 5% to 23% of gross domestic product (GDP) for
both developed and developing countries (Yu et al,, 2011).

Infrastructure investment is acknowledged as a major economic growth factor. Infrastructure projects
usually involve the expenditure of large capital; it also addresses the needs of several decades in the future.
In other words, infrastructure is characterized of being expensive, strategic and long term. Furthermore,
infrastructure being a key stone in planning has an important social, economic and environmental impact.
For that, different stakeholders, with distinctive concerns, are involved in deciding on infrastructure
investments. An important aspect of Infrastructure investment decisions are that they have spatial
dimension as infrastructure costs and benefits are distributed spatially (Coutinho-Rodrigues et al., 2011).
In brief, planning infrastructure investment is characterized as a complex task with spatial implications and
different stakeholders involved.

To provide better solutions to problems related to decision making, and with the need to integrate the
spatial dimension to the decision process concerned with issues of spatial nature, research concerned with
the decision support system (DSS) has taken a new turn towards the so-called spatial decision support
systems (SDSS). Maniezzo et al. (1998) describe the spatial decision support systems (SDSS) as systems
concerned with the integration of spatially referenced data within a decision-making environment. They
argue that such integration has a positive impact on the decision makers’ performance.

Crossland et al. (1995) studied the impact of using Geographic Information Technology (GIS) as a Spatial
Decision Support System (SDSS). They discuss that spatially integrated DSS (SDSS) can represent the
missing link between policy makers and the complex computerized models. They found that decisions and
solutions developed by decision makers using SDSS were faster and with fewer errors.

Following this result, and given the spatial nature of urban infrastructure investment and the different
stakeholders involved, SDSS can provide decision makers (e.g., government or municipal agencies,
promoters, etc.) with a suitable user-friendly framework for taking decisions about infrastructure, assessing
and choosing between different alternatives.

11.  Background

1.1.1.  Urban Infrastructure

In general, infrastructure is understood in terms of technical structures that sustain a society. As defined
by Keating (2008) as ‘Infrastructure comprises the physical assets that a society needs for orderly operations. They include
a variety of assets divided into five general sectors: Transport (ie., toll roads, airports, seaports, and rail), Energy (i.e., gas
and electricity transmission, distribution and generation), Water (i.c., pipelines and treatment plants), Commmunications (i.c.,
broadcast, satellite and cable) and Social (i.e., hospitals, schools and prisons).”

With a variety of existing literature in defining the term itself, Fulmer (2009) regarded infrastructure as "#he
physical components of interrelated systems providing commodities and services essential to enable, sustain, or enbance societal
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living conditions”. In both the definitions, infrastructure is considered as a technical structure that sustains a
society. However, in this research the term infrastructure indicates the main technical forms, which are
transport networks, water and sewerage and electricity and telecommunications networks.

1.1.2.  Infrastructure Importance

The improvements in supply, quality and Grow a dynamic and

]
affordability of infrastructure services are §4] E Innovative economy; and
) . Transport networks = 2 deliver modern and high
essential for poverty reduction and gIOWth g 9 quality and efficient public
w .
. . services.
stimulation. As put forth by Dr. Jefrey @ I
s T > Water and Sewerage
Delpon, a senior infrastructure specialist of 4 o = _ Promote Tolerance,
. .. = i © inclusion, equality and
Wotld Bank, who is of the opinion that s g 8 regional balance and
“Poor infrastructure impedes a nation’s economic 2 Electricity S tackle Social disadvantage
. . .. >
growth — and  international  competitiveness” = = E
: : . © £ Protect and enhance our
(Dong1er & Love, 2006)' In this context, Telecommunication HE § environment and natural
Willoughby (2004) indicates that "Insufficient - S resources
(=
infrastructure also represents a major cause of loss =
of qﬂﬂ/@/ 0f /fe, Wlness and death'. 'These Figure 1: Urban infrastructure - Potential Returns

indications make the improvements in
infrastructure services both morally and economically imperative.

Infrastructure development has been acknowledged as an important economic growth factor with a high
economic, social and environmental return. Thus many recent studies aim at investigating relationships
between infrastructure investments and productivity, protection of environment and natural resources and
tackling community disadvantage to accomplish equality and regional balance.

1.1.21. Economic Performance

According to Aschauer (1989) , Infrastructure investments are proven to be of high return. He argues that
infrastructure quality is a significant indicator of a nation-wide economic vitality. However, as
infrastructure affects economy, economic growth also affects infrastructure demand and supply. This can
cause bias estimation of the overall return of infrastructure investments (Esfahani & Ramirez, 2003) .

Current studies have examined relationships between expenditure on infrastructure and productivity
growth, suggesting that the differences in public infrastructure provision throughout a country is directly
related to the differences in productivity growth rates of the different regions (Anwar, 2001); He argues
that decisions based on public infrastructure expenditure decisions of vital economic importance. He
states that the more a country spends on infrastructure the lower the prices, the higher the wages. This
gives an overview about the direct effects of the importance of infrastructure, which it has on the

economy.

1.1.2.2. Environment and Social Quality Of Life “Health, Safety, Economic Opportunites”

Quality of life is strongly dependent on infrastructure. A society cannot be productive or described as
civilized without good transportation services, availability of clean water, and proper waste disposal
operations (Aschauer, 1990). Infrastructure serves different aspects of quality of life. For example,
constructing a needed freeway may reduce congestion, which means less pollution (better air quality), less
travel time and fewer accidents. It may also increase accessibility, whether to leisure activities or more
economic opportunities for the disadvantaged. For that, quality of life is always in the centre of interest of
infrastructure planning. The concern now is the ability of existing infrastructure and its projection to
maintain the current requirements of quality of life and the needed improvements (Aschauer, 1990).




SPATIAL DECISION SUPPORT SYSTEM FOR INFRASTRUCTURE RESOURCE ALLOCATION

1.1.3. Infrastructure Investments

In many countries, infrastructure investments allocation decision Funding

follows the economic and political views of the governments.
The share of public

Governments  allocate  prudentially infrastructure investments & infrastructure spending
, , = decreased from 5 to
throughout the country (Castells & Solé-Oll¢, 2005). E 2.5% and 23 to 4% of
E GDP for developed and
Expenditure on infrastructure is one of the largest items between developing countries.
countries’ budgets because infrastructure is considered one of the main People to serve

drivers of economic development (Chandra & Thompson, 2000). Still,
this large amount of resource is never enough to fulfil the increasing

L Population Growth / New
. .. 7 Urban Development
needs of infrastructure. The needs are rising because of many reasons. -
Population is growing constantly and in some cases tremendously; cities Equity

are expanding. In addition, the need for more equitable infrastructure

People to serve

requires new infrastructure development. Finally, part of infrastructure s Rebulld

investments naturally goes to the maintenance of existing systems. Figure 2: Infrastructure Investment

According to Wismadi et al. (2012), spending on public infrastructure is generally decreasing. For
developed countries, it went from 5% of the gross domestic product (GDP) to 2.5. For developing

countries, decrease is even more drastic; it went from 23% to 4%. At the same time, the trend of equitable
infrastructure provision calls for greater spending oninfrastructure from the side of local authorities.

1.1.4. Infrastructureresource allocation

Resource allocation is generally concerned with distributing the available resources among the needs of
different groups of people. For the resources designated to infrastructure, allocating these resources have
always been a dilemma. On one side, the demand for infrastructure services is rapidly growing due to
population growth. On the other side, infrastructure provision costs are rising as well. For that, allocating

infrastructure resources is not an easy task.

Government deals with investments designated to infrastructure carefully; they are always the subject of
public and political observation. For that, a good planning practice based on adequate high-quality
information is required to ensure the highest benefit from the allocated resources by implementing the
right infrastructure at the right location at the right time (Martyn, 2011).

Resource allocation is one of the issues of urban planning. Planning methods are considered good when
they allocate resources efficiently and effectively. These methods can maintain the required level of service
provision to achieve sustainability of infrastructure. Planning methods are fundamental to follow an
overall vision and to manage infrastructure needs for a longer term. They are effective for the
communities that aim to have sustainable infrastructure or those that expetience rapid population growth
and/or have ageing infrastructure. Therefore, the central theme of this research is to develop a technique
for infrastructure allocation in order to maximise the benefits.

At the local administrative level; such as village or neighbourhood, infrastructure resource allocation
requires consideration for the existing infrastructure within the local and surrounding areas. Linear
infrastructure networks such as roads or an electrical grid is a kind of the infrastructure system, which is
highly interconnected. This kind of infrastructure system requires neighbourhood-inclusive analysis
technique for infrastructure resource allocation in the decision making process.

Strategic Resource Allocation is the process of examining the methods concerning funding decisions for
infrastructure resource allocation. The first to be defined are the policies and methods through which
infrastructure resource allocation will take place.
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1.1.4.1. Infrastructure resource allocation Policies and Methods

There are different influences that determine the criteria for infrastructure resource Policy
allocation, which could be categorized as policies, theoties, concepts/ rules, measures
and approaches (Figure 3). Policies are defined as the basic principles that direct the l

government to achieve state objectives relating to the economic and/or environment
and/or social and/or well-being of the citizens (Luthra, 2007-2011); policies such as Ul
pro-poor, market based and environmental. Theories are the mental models of the l
petceived reality; consisting of a set of assumptions that provide rational explanation
of relationships among a group of observed phenomena(Luthra, 2007-2011) such as
e.g. Utllitatian theoties or Non-utlitarian theoties. Concepts/Rules are detailed i
descriptions that state what to do and not to do in a specific situation or interpret a

law or policy (Luthra, 2007-2011) such as Equity Based. Measures are the ways to

Concept/Rule

quantify a noticeable value or performance using a specific unit. In context to Equity Measure
based concept, there are measures concerning Spatial Equity Analysis or Non-Spatial l
Equity Analysis. Approaches are systematic methods that are used to obtain

quantitative data through observations, statistical analysis or modeling to achieve Approach

specific objectives (e.g. Total Utility, Curve Dominance Analysis). - 3R
igure 5. Resource

For this study, we will combine the literature review on the policies and methods for ~ Alloation Criteria
the Infrastructure resource allocation with one of the on-going researches to select the spatial decision
support system criteria.

1.1.5. Decision Support Systems

The concept of decision support systems dates back to the 1960’s, however, by the late 1970’s many
academicians, researchers developed interactive information systems to assist managers examining semi-
structured problems by the use of data and modelling information (Power, 2007). The motive t develop
such systems according to Gray (1987) was to provide a "language that would allow executives to build
models without intermediaries”. In 1980s, researchers introduced an improvement on decision support
systems by developing a new type that allows “group” decision support systems (Gray, 1987, Power,
2007). Further, on the year of 1990 marked a new phase in the evolution of decision support systems due
to the emergence of relational database. This development was strongly supported by two pioneers of the
tield Raiph Kimball known as “the doctor of DSS” and Bill Inmon known as “the father of data warehounse” (Power,
2007). The following two decades led to a technological shift in the history of DSS by the introduction of
‘spatial’ decision support systems. The spatia/ element provided the information required for decision
making which can be generated through geospatial data processing (Jankowski et al., 2006). For the period
of late 1980s and early 1990s, decision support systems were equipped with limited number of spatial
functionalities.

SDSS was originally initiated to solve spatial, semi-structured problems by individual (Honey et al., 1991)
and group (Amstrong, 1993) decision makers, wherein location and other spatial relationships of
direction, distance, adjacency and connectivity led to a fundamental part of problem solution, decision
obijectives, alternatives and its outcomes (Jankowski et al., 2000).

To attain this purpose, SDSS was required to assimilate: (1) Mathematical and logical models for
processing spatial data, (2) Technical and scientific data, (3) Data based on perception (human judgements,
probabilities). These necessities prove to be similar to the requirements formulated by Keen (1976) and
Ralph et al. (1986) for decision support systems (DSS), in the field of management science. Based on the
similar concept, SDSS provides integration of spatial databases, analytical models, and visualization tools
with the use of spatial data and decision models.
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Following the notion that any computer based system providing information that assists in decision
making is considered a decision support system, Geographic Information Systems (GIS) came to be
regarded as spatial decision support systems (SDSS), especially with GIS capacities of managing, analysing
and visualizing spatial data (Cowan, 1987). Jankowski et al. (2006) even argued that the computational base
for spatial decision support systems relies mainly on GIS technology.

1.2.  Justification

To conclude the previous section, we can summarize that infrastructure investment has a significantly
greater economic, environmental and social effect. However, infrastructure spending is declining
wotldwide (Yu et al, 2011) which means that infrastructure development has to provide more services
with fewer amounts of public funding. In addition, the spatial characteristics of urban infrastructure and
the different stakeholders involved.

In order to optimally utilize the existing resources, decision makers should be fully aware of both the
current situation and the effects and benefits of their decisions through visualizing different scenarios and
alternatives. In real life as well as in theoretical research, many consider spatial decision support systems
(SDSS) as a suitable decision environment for similar cases.

1.3. Problem Statement

Infrastructure investment is acknowledged as a main economic growth factor and with a significant impact
on the quality of life “Health, Safety, Economic Opportunities” from both environmental and social aspects.
Infrastructure investments usually involve the expenditure of large capital, however, infrastructure
investments are declining worldwide. In developed countries, it is reducing by half; it fell from 5% of the
GDP to 2.5%, in developing countries the decrease was more drastic as it went from 23% of GDP to only
4% (Yu et al, 2011). On the other hand, new needs emerged. Local authorities secking equitable
infrastructure provision claimed more expenditure on infrastructure (Yu et al., 2011).

Infrastructure development has to provide better services to the growing population and their activities
with the same amount of public funding, or less. This makes the allocation of infrastructure resources
extremely disputable with many solutions and alternatives to choose from, and given the spatial
characteristics of urban infrastructure investment and the different stakeholders involved, increases the
problem of the resource allocation spatial decision process.

14.  Objectives and Research Questions

The aim of the research is to develop a framework for spatial decision support system (SDSS) to improve
the resource allocation process for infrastructure, involving different decision-makers. A suitable user-
friendly framework will facilitate the decisions about infrastructure, assessing and choosing between
investment alternatives.
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To address this main objective, several sub-objectives have been mentioned in (Table 1) below:

OBJECTIVE

RESEARCH QUESTION

Review and analyze policies and

What are the current policies and methods?

1 | methods of infrastructure resource Which of the reviewed policies and methods will be
allocation. adopted for the study?
Derive the spatial and non-spatial What are the spatial factors and non-spatial factors
2 | factors guiding the process of guiding infrastructure resource allocation?
infrastructure resource allocation.
Identify the process of infrastructure How the link between selected methods and factors
3 | resource allocation using selected should be to identify the process workflow (the
policies, methods and factors. decision tree)?
Apply the developed resource Which elements will define the decision support
allocation process in a decision- system?
4 | making support system. \X/hat are thg different assumptipns that relate to the
decision-making process and the integrated models?
What are the alternatives that the process will develop
and what is the best way to present them?
5 Implement the decision support Is the framework applicable and producing reliable
system to a real case study. results?
Table 1: Objectives and Research Questions
1.5.  Conceptual Framework

This research will define criteria for infrastructure resource allocation to design a conceptual framework
for spatial decision support system (SDSS) and implemented. The conceptual framework consists of four

main tasks as following (Figure 4):

e Review current policies and methods for infrastructure resource allocation.

e Define criteria for the process of infrastructure resource allocation (decision tree).

e Design a spatial decision support system (SDSS) conceptual framework.

e Implement the designed system and test it ona real case study.

Infrastructure Resource Allocation Problem

Define the System Role

Infrastructure Spatial decision support system (SDSS)

Theoretical background about infrastructure resource
allocation policies and methods

specific policies and methods that will derive the
resource allocation concept

specific spatial and non-spatial factors driving
infrastructure resource allocation process

Spatial decision support system (SDSS)

Target user group(s)
System assumptions

Required inputs

Infrastructure resource allocation
criteria
(decision tree)

Required outputs

Implement the decision support system to a real case study

User Communication

Using of outputs in decision making

Figure 4: Conaeptual Framework
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1.6.  Research Methodology

The methodology as described in Figure 5 includes the main elements of the research, starting from the
Literature review, which presents a background description about the spatial decision support system
(SDSS); reviewing the policies and methods for Infrastructure resource allocation and addressing on-going
researches to define the policy and methods considered for the research. Further, to analyze both the
SDSS characteristics with the defined criteria for resource allocation to be able to design the conceptual
framework for the system. Finally, implementing the conceptual framework and selecting a study area in
order to check the results of the framework.

Gfrastructure Resources Allocation Proble@

< Research Objectives And Questions >

Literature Review

I
v v v

Spatial Decision Support
Systems

| ;

Define the decision
making process

Review Policies and Methods Recent & Ongoing Researches

Review & Analyze

v

Define the System Define the resource allocation
Characteristics < criteria (decision tree)

v

Applying the identified criteria in a decision

Case Study making support system

} v

Design

Select Area to
Test SDSS

|

Case
Study

'

.......... » SDSS Test

Dataset €——

Implement

( Output Assessment >

Figure 5: Research Methodology
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1.7.  Thesis Structure

This research comprises of six comprehensive chapters, as can be seen in the structure represented in
(Figure 6) below:

‘ Chapter 1 ‘ Chapter 2 ‘ Chapter 3 ‘ Chapter 4 ‘ Chapter 5 ‘ Chapter 6

Infrastructure
Introduction Literature review resource allocation
criteria

SDSS Conceptual

Case study Conclusions
Framework

Figure 6: Thesis Structure

Chapter 1: Introduction

This chapter comprises of five main items. Firstly, the background of the research, which consists of
different perceptions about urban infrastructure, and the importance of infrastructure. Secondly,
justification of the study, by providing evidence for developing SDSS for Infrastructure Resource
allocation. Thirdly, the problem statement, which highlights the main problem of the research. Fourthly,
the main objectives to be achieved and the research questions used to achieve those objectives. Next is the
conceptual framework that shows the framework to implement infrastructure spatial decision support
systems. This is followed by thesis structure that explains the content of each chapter of the thesis. Finally,
the research design, which explains the research methodology and provides a link to the research
questions.

Chapter 2: Literature review

This chapter will explore the infrastructure resource allocation process starting from the concept of the
process, and involved decision makers and establish the spatial decision support system and similar SDSS
application in urban infrastructure. This will be followed by giving elaborate details on infrastructure
resource allocation process, addressing the current policies and methods used for infrastructure resource
allocation in order to identify the adapted practice for the system.

Chapter 3: Infrastructure resource allocation criteria

This chapter describes the Infrastructure resource allocation criteria. The strategy for the system is based
on the policies and methods addressed in the previous chapter. The suggested practice contributes to
improve planning procedures at the local (municipal) level, more so the decision making process related to

infrastructure resource location-allocation.
Chapter 4: SDSS conceptual framework

This Chapter presents the initial spatial decision support system SDSS framework that covers the
addressed decision criteria of infrastructure resource allocation. The main objective of spatial decision
support system SDSS is to support decision makers (e.g. government or municipal agencies, promoters,
etc.) in achieving equitable distribution of infrastructure service and achieving the best use of the available
infrastructure resources.

Chapter 5: Analysis and results

This chapter demonstrates how local/municipal governments can successfully apply the developed spatal
decision support system to make efficient and effective decisions in coordinating and managing resources,
to plan for the future.

Chapter 6: Analysis and results

This chapter concludes the aim of study to define criteria for infrastructure resource allocation to design
a framework for spatial decision support system (SDSS).
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2. LITERATURE REVIEW

This chapter will explore the infrastructure resource allocation process starting from the concept of the
process, and involved decision makers and establish the spatial decision support system and similar SDSS
application in urban infrastructure. This will be followed by giving elaborate details on infrastructure
resource allocation process, addressing the current policies and methods used for infrastructure resource
allocation in order to identify the adapted practice for the system.

21. Infrastructure resource allocation

Infrastructure plans combined with financial plans, land use plans and corporate business plans is being
increasingly seen as a key to successful strategic planning. Some of the municipalities that were surveyed
highlighted that departmental decision-making lacked cohesion, in particular efficient and effective
spending, which could be seen as a consequence of insufficient links between departmental and planning
activities. To quote an example, high-level goals for roads services should be directly interlinked to the
relevant departmental prioritisation, along with different municipality departments in the decision-making
process for the distribution of available resources. This research thereby intends to represent a selected
practice, integrating it with the technical best practices that will facilitate in devising an effective decision-
making and investment-planning tool (Boudreau & Brynildsen, 2003).

21.1. Concept

There have been various means for formulating an effective infrastructure plan. The identification of
infrastructure goals can promote municipalities in assigning expenditures priorities on infrastructure needs.
The development of an integrated plan influences the highest benefit of the existing infrastructure and
ensures the most proper plan for infrastructure expansion for the future. Integrated plans highlight, the
integration between an infrastructure plan and land use plans, business plans etc. Identifying practical
methods to plan and define municipal infrastructure needs can propose newer programs concerning user
behaviour. For instance, promoting public transport as an alternative transport mode can assist managing
the demand on road infrastructures.

There are five practical methods to plan and define municipal infrastructure needs. These methods can
assist municipalities to address current needs and to develop long-term planning for infrastructure. There
can also be practical ways in achieving sustainable infrastructure. These methods aid in developing an
integrated vision and strategy, asset information management systems, build public support and
acceptance, explore new and innovative methods for continuous improvement and to prioritize models

(Boudreau & Brynildsen, 2003).

2.1.2. Infrastructure investments

The debates about the most appropriate policies to secure sustainable infrastructure development have
been intensified since summer 2003 when series of electricity blackouts had taken place in more than a city
in Burope (London, Italy, Sweden and Denmark) as well as in the US. These events draw attention to the
link between regulation and investment (Von Hirschhausen et al, 2004). Long-term plans for
infrastructure investment have been recently an interesting issue for decision-makers. These interests
follow the privatization of network industries, which work upon short-term plans and give insufficient
attention to long-term plans, especially investment plans.
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Since then, vatious researchers have been arguing about the consequences of privatization. Helm and
Thompson (1991) argued that “there has been considerable debate about the static efficiency
consequences of privatization, but little attention has yet been paid to the long term effects on investment
decisions and the resulting levels of capacity and service quality”. On the other hand, Pollitt (2002) noticed
that "privatization and incentive regulation since 1979 has occurred without a noticeable reduction in the quantity and
guality of investment or of the associated services”. In fact, the situation is not that dramatic for instance, electricity
is in the case of work almost 99.9% of the time available and the trains are plying all the time all over the
wotld as desctibed by Helm and Thompson (1991). Moreover, Pollitt (2002) concluded that “wessage from
UK privatization of utilities is that well-regnlated companies have no difficnlty in financing their investment ¢fficiently”.

Considering the fact that Governments persist to be one of the most powerful actors in terms of
expenditures on social and development programmes, it might be important to address that the
infrastructure sectors designed by the government sometimes differ radically and efficiently. The
Governments have provided public and private enterprises, in addition to imposing regulation, putting
restriction for investors and opening different segments for competiion. There are other issues
concerning infrastructure investments; level of investments, maintenance and management system.

Optimum level of investment has always been one of the top priorities in the infrastructure investment
debate. The main aim of the discussions thus is to address the consequences of overinvestment or
underinvestment on the social welfare. Presently, underinvestment in infrastructure is the key concern. It
has been argued that overinvestment strategy is the preferable one because social costs of
underinvestment strategies are relatively high (Helm & Thompson, 1991). Maintenance is another issue
when taking decisions regarding infrastructure investments. When and how to do the periodic
maintenance of the assets, has become a difficult technical decision especially with the continuously
shrinking budgets. This is the time for the decision makers to make the best fund allocation among
deserving needs. The challenges that always face the managers are: making decisions with insufficient data
and being asked to reduce all the expenditures and the outsource responsibilities (Siddiqui & Mirza, 1996).
These pressures make it difficult for the municipal infrastructure management to take the most efficient
long-term decisions.

The management systems of infrastructure have been facing many problems in the decision-making
process. They lack complete data or replacement values, using “won-financial” value of assets and difficulty
in integrating GIS. Accordingly, proper data collection, decision analysis, management reporting and
performance modelling have been recommended (Vanier & Danylo, 1998).

2.2. Spatial decision supportsystems (SDSS)

Nowadays the increase in computers’ usage and the technological development in both hardware and
software made it easier to build and setup a computer system supporting decision making that came to be
known as decision support systems (DSS). Considering the large amount of data involved in decision-
making and the complexity of it, these decision support systems have gained popularity in the decision

making process.
2.21. SDSS definition

The automation of decision-making has always been an objective for researchers. When Simon (1965)
wrote, "If I am right in my optinistic prediction that we are rapidly dissolving the mysteries that surround non-programmed
decision making, then the question of how far that decision making shall be automated ceases to be a technological guestion
and becomes an economic question. (p. 90)", he was expressing the need back then for automated systems
supporting decision-making. He was also questioning the role and capabilities of technology in providing
the required support for decision-making.
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Laudien et al. (2006) describe decision support system (DSS) as computer based system of analytical
models fed by all necessary data in order to assist decision makers solving semi-structural problems. They
also point out vatiety of analysis and methods available for decision-making process with such systems,
which emphasise on the importance of choices made during decision-making.

Considering the spatial nature of some decision making processes, spatial decision support systems (SDSS)
wete introduced in 1990s. The addition that spatial decision support systems (SDSS) propose in the use of
spatially referenced data in the decision making process, provides decision makers with a handy interface
for the complex models and analysis running in the background of the system. Coutinho-Rodrigues et al.
(2011) states that SDSS has a positive impact on decision makers’ performance.

Ademiluyi and Otun (2009) are more specific describing spatial decision support systems (SDSS). Not
only did they describe what SDSSs are and can do but also what they cannot do, in order to clear
confusion about the aim and role of SDSS. The authors declare that SDSS has a positive impact on the
effectiveness of the decision-making process rather than its efficiency. From one point of view, a Spatial
Decision support system is concerned about the quality of the decision making process and its outputs
rather that making the best use of the available resources (time, data, experts,...). However, Crossland et
al. (1995) argues that SDSS also improves the efficiency of the decision making process.

22.2. SDSSAm

Spatial Decision Support Systems (SDSS) is a combination of geographic information systems (GIS)
functionalities, remote sensing techniques, mathematical models and other decision support
functionalities. This combination provides system users (decision makers) with a valuable tool to model
and analyze the data and visualize the output based on a question-specific decision tree (Laudien et al,
2006).

Although spatial decision supporzt system acts as a benefit for the decision making process, yet measuring,
their exact impact has not been tested. For that matter, the technology of geographic information systems
(GIS) was experimented as a spatial decision support system. Decisions and solutions developed by
decision makers using SDSS were faster and with fewer errors. Therefore, SDSS improvised the decision
making process in terms of efficiency and effectiveness and concluded that although GIS technology is a
suitable means to organize, analyze and visualize spatial data, decision makers need a more integrated
spatial decision support system (SDSS) as mentioned before (Crossland et al., 1995).

2.2.3. SDSS Components Decision Makers
44
\ 3

User Interface

Conceptually, SDSS is a package of connected
software modules that provides an integrated

Database

set of capacities. At the primary level, there

Outputs

User Interface

exists three major components: database,

model and user interface, although, in the
SDSS literature the number and the precise

[}
_________ g
.

GIS Package%

explamation  of  components  vaties. It & Data base module
incorporates a spatial information system 3§ Visualization

(GIS) and a modeling system, integrated z Reporting

together. Moreover, a geo-referenced database, © 7 Knowledge QS Analyse 7~ J
analytical tools and displaying options often

exists (Sugumaran & Degroote, 2011). In this Model Manager

System Analysis

Model Scenario generation module
Knowledge Forecasting module

hse Evaluation module

research, we identify three core components as
can be seen in (Figure 7):

Model Manager

Figure 7: spatial dedsion support systems Components
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2.2.3.1. Userinterface:

The main link among the decision makers and the spatial decision system, gives the access to system
functionalities and the database allowing decision makers to generate required outputs.

223.2. GIS package:

GIS Desktop packages are software packages, referring to a specific geographic information system
application that will be used as a base for our spatial decision support system to assist the functionalities
for producing, managing, organizing, analysing and visualizing geospatial data.

223.3. Model manager:

It is the core of analytical model, which includes new features/functionalities required for generating the
necessary outputs by the spatial decision suppozt system.

2.24. Decision makers performance

The complexity of urban planning decisions is obvious (Witlox et al., 2009) and many have made use of
spatial decision support system to deal with this problem.. Spatial decision support system can help non-
technical stakeholders (governments and communities) and even support planners while dealing with
spatial information related to planning and resource allocation activities (T'samboulas & Mikroudis, 2000).

Crossland et al. (1995) discusses that spatially integrated DSS (SDSS) can represent the missing link
between policy makers and the complex computerized models. This can be done by comparing the
decision-making processes for a real case with and without using a spatial decision support system wherein
they found out that decisions and solutions developed by decision makers using SDSS were faster and
with fewer errors. For large-scale infrastructure investment, SDSS can assist decision-makers to choose
the best decision from the different proposed alternatives (Coutinho-Rodrigues et al,, 2011). In addition,
for activity allocation, SDSS proved to present satisfactory results in assisting decision makers to allocate
different land uses (Eldrandaly, 2010). For tourism planning, an SDSS environment integrates all the
factors effecting tourism planning and links the spatial data with the different attributes, thereby giving
decision makers the flexibility to manipulate each of these criteria and see how this could affect the system
in order to reach a sustainable touristic plan (Beedasy & Whyatt, 1999).

SDSS has also been used for undertaking various resource allocation works. In the work done by
Coutinho-Rodrigues et al. (2011), a real-world problem motivated the use of SDSS. Decision makers had
to choose the best alternative for developing a water-supply system needed for an expansion plan for the
city of Coimbra, Portugal which included the main elements of large scale investment, it’s spatial
implications and the multiple criteria (social, economic, and environmental) involved. Thus, an SDSS
prototype was developed in order to assist the decision-makers to choose amongst the different
investment options. This SDSS prototype comprised of four main functionalities: data management
(storage, retrieval, and display of spatial and non-spatial data), investment alternatives' evaluation,
alternatives' comparison and selection and finally, a sensitivity analysis for the result. However, according
to the authors, applying sensitivity analysis to the output indicated a robust result.

Eldrandaly (2010) integrated an artificial intelligence (AI) technique with GIS technology to develop an
SDSS, to deal with the multi land use allocation problem. Multi land use allocation is the dilemma of how
different types of land uses are able to share the same area. According to the author, the system feasibility
was checked by experimenting it on a real case of land use allocation that proved to show satisfactory
results.

On the contrary, Ademiluyi and Otun (2009) argued that spatial decision support systems can never
replace expert judgment, as it cannot run on its own. The system needs inputs and parameters to run the
necessary analysis and modelling which draw the characteristics of the produced scenario. This scenario or

12
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potential solution depends on the experience of experts and the norms of decision makers involved. In

is research we are no i o replace the role of experts and decision makers but tryi o offer a too
thi h t o to replace the role of experts and d kers but trying to offer a tool,
which can assist them and make their role more effective.

2.3. Infrastructure resource allocation practices

This research discusses the relationship between infrastructure investments, considering equity in public
investments distribution. These discussions are required to develop a framework to allocate the resources
in the areas where they are most needed. The concept of fzir distribution has a different perspective, trying
to understand this relationship, for which a conceptual framework will be developed clarifying the
equitable approach to infrastructure investment and how it can encourage the economic growth. The four
main infrastructure types that will be addressed in this research are transport networks, water and
sewerage, electricity and telecommunications network.

We can address the different influences that

determine the criteria for infrastructure Policy AT

resource allocation, which could be l I

categorized as policies, theories, ¢ ¢
concepts/ rules, measures and approaches in Theory Utilitarian Non-utilitarian
one of the on-going researches which is l

“Bquity based resource allocation for utilitarian

Equity Based

and non-utilitarian planning” (Wismadi et al, Concept/Rule
2013a) where we tried to analyze these

different influences determining the criteria

for this study (Figure 8). The policy is Pro- Measure Spatial Equity Non-Spatial Equity
Poor which targets poor people and is Analysis Analysis
aimed at reducing poverty, allowing them to l

be involved in the policy process (Z Curran T —
& Renzio, 2006). The authors addressed the Approach Total Utility Analysis

equity based concept which is aimed to
Figure 8: Resource Allocation Criteria (Equity Based Study)

achieve fairness and impartiality towards all
Source: Adapted from (Wismadi et al., 2013a)

concerned based on two theories utilitarian
and non- utllitarian; Utilitarian theory which is a “Measure of equality of mental reaction or satisfaction on the
received resource or welfare”, and Non-Utllitarian “Measure of equality of apportunity as a result of received resource”
(Wismadi et al., 2013a). However, the authors used two different measures of spatial equity analysis for
equity based concept. The spatial equity analysis includes location, shape or size and defines to what extent
urban public facilities are allocated while non-spatial equity analysis is that information which does not
include any geometric considerations (Liao et al., 2009). Therefore, in the next section, we will define our
criteria required for this research, based on the similar elements as mentioned above for the resource

allocation criteria.
2.3.1. Review policies and methods

2.3.1.1. Policy

Policies can be understood as the basic principles that directs the government to achieve state objectives
relating to the economic and/or environment and/or social and/or well-being of the citizens (Luthra,
2007-2011). Public policies are mostly one amongst the three types: redistributive, distributive, or
regulatory. This research mainly reviews the redistributive policies in the context of pro-poor, market
based, environmental and social policies that have been discussed briefly in the next section to follow.
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2.3.1.1.1. Pro-poorpolicy

Pro-poor policy is one of the social policies. As Barbour (2001) addresses “Social policies include government
programs that seek to provide economic security for people who cannot help themselves, as well as other government assistance
that improves the guality of life for individuals”. Social policies whether distributive or redistributive including
social welfare and social security aims to support peculiar groups of society. Pro-poor growth has been
defined differently in the recent literature. Concerning the generic definition, “The growth process is said to be
“bro-poor” if and only if poor people benefit in absolute terms, as reflected in an appropriate measure of poverty” (Ravallion
& Chen, 2003). Rather than the rate of income growth explained by the previous definition, this one aims
to focus on the rate of change in poverty. This definition targets the poor in the context of their living
standards that is the main objective of the pro-poor policies. Other definitions are policy-oriented
definitions and few others are more generic. One of the policy-oriented definitions states that "Any
distributional shifts accompanying economic growth favour the poor, meaning that poverty falls more than it would have if all
incomes had grown at the same rate” (Baulch & McCulloch, 2000; Kakwani & Pernia, 2000). This definition
means that pro-poor growth policy is that one which makes the rate of income growth of poor people
exceeding that rate of the non-poor. This definition focuses only on the rate of growth, which not always
means a gain to the poor, as there is always a big gap between assets of their income and the minimum
living standards. It would be better if the economic expansion shifted radically from “pro-rich” to “pro-poor”
and bring some absolute gains for them.

A major challenge for governments especially with the ever-increasing population is to provide essential
infrastructure and services to all its inhabitants, considering the intention for poverty reduction. Poverty is
still a2 major problem and administrators should find new ways to solve their problems regarding utban
infrastructure comprehensively. Pro-poor urban infrastructure development is a term that refers to the
approach that enhances the access and usage of the poor inhabitants to infrastructure and services. This
kind of access could be; either to the city networks or by providing mote options to the areas where they
live. Pro-poor urban infrastructure development is a major section of city development strategies which
aims to reduce poverty (Ravallion, 2004).

In recent times, consideration has started to be given to enhance equality of opportunities, distributions of
assets and political participation rather than securing equality only in incomes (World Bank, 2005). What is
still required is careful monitoring and evaluation for the differences that occurs in the performance of the
responsible institutions (Ravallion, 2004).

2.3.1.1.2. Market based

Market-based policies are those regulations that “Encourage bebavior throngh market signals rather than throngh
explicit directives or the harnessing marfket forces” (Stavins, 2002). They have potential to deviate the agenda of
governments, firms and individuals to improve the outcomes according to their own interests. The aim of
market-based polices is to achieve outcomes through the self-interest of the governments, firms and
individuals and the key target is to change attitudes to improve income levels, education and quality and
standard of living (Pannell, 2001). There are two advantages of market-based policies over the traditional
ones. The first is allowing governments or firms to make the required adjustments to fit the structures of
their businesses. The second is discovering the cheapest ways for future target achievements. The
theoretical potential of the market-based polices is delivering outcomes similar to the command and
control mechanism, a significant disadvantage of which is that the outcomes delivered are at low
industrial financial cost and the overall net social cost with lower value (Whitten et al., 2004).

Market-based policies have three potential levers: Price-based, Rights-based and Market. Price-based
polices concern change behavior by changing prices of goods and services in the markets. They provide
certainty to the costs of achieving the outcome. Rights-based polices, promote controlling the desired
quantity and quality of the goods or services by the community. Market friction polices stimulate the
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market to generate the required outcome. The aim of these policies are improving the work of existing
markets, reducing transaction costs and/or improving information flows. These policies are less common
and the responses to them are less certain and on longer terms (Whitten et al., 2004).

2.3.1.1.3. Environmental

Barbour (2001) defined the environmental policy as ‘@ regulatory policy that often leads to debates on balancing the
protection of the environment with the protection of business”. These are policies where a competition exists between
the environmental needs and the society as a whole. This can be better understood in terms of interests
involved at different levels. Among many, the dominant interest is of the local communities that are
dependent on resources provided by the environment to sustain a living. However, certain parts of the
society also incorporate legitimate interests, the most evident being the concern of biodiversity.
Furthermore, issues of taxes that are being utilized to subsidize costs for water or support engineering
works like major storages also persist. Therefore, to address all these concerns, an appropriate institutional
framework can be regarded as one of the utmost challenges for policy development.

In Environmental policy, governments have enacted affectively and responded to the on-going demands
of the communities through proper regulatory mechanisms resulting in favourable environmental
outcomes. To state an example, approximately eighty Acts have been identified by Australian Petroleum
Production and Exploration Association that have had a positive effect on oil and gas industry (APPEA,
2012). The regulatory mechanisms thereby state conditions for improved access and usage of resources
such as through conservation acts which limits the use of land if covered with native vegetation, and
restricts its use for any other purpose. Likewise, various regulations concerning mining indicate a
maximum limit of pollution level, minimum necessities for rehabilitation of mining sites and management

processes to be used for preventing environmental damages.

2.3.1.2. Methods

Methods have been segregated into two main categories: Theories and Concepts/Rules. Theories are the
mental models of the perceived reality; they consist of a set of assumptions that provide rational
explanation of relationships among a group of observed phenomena such as e.g. Utllitarian or Non-
utilitarian. Concepts/Rules are detailed descriptions that state what to do and not to do in a specific
situation or interpret a law or policy (Luthra, 2007-2011) such as Equity Based and Economic
Opportunities.

2.3.1.2.1. Economic opportunities

Infrastructure has been recognized as a key resource for education, health, and economic opportunity.
Infrastructural development has however been considered as an important economic growth factor with a
high economic, social and environmental return. The importance of infrastructure lies in improving the
quality of life and economic opportunity, which acts as the main inspiration for investment strategies that
should be fzir. This encourages recent studies to concentrate motre on equitable infrastructure investments
policies, and the relationships between investing on infrastructure and productivity, protecting the
environment and the natural resources and tackling community disadvantage to accomplish equality and
regional balance.

Infrastructure investment is also a factor for economic development. Infrastructure can improve
economic opportunities for low-income family members and areas. Considering equity in investment
decisions does not actually come at the price of other areas but in some circumstances may actually
enhance wider development and financial performance. Equity in infrastructure investment may help build
the governmental and public agreement required for larger public projects.
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2.3.1.2.2. Equitybased

Since 1968, social equity was added to ‘economy’ and ‘efficiency’ to form the pillars of public
administration (Frederickson, 2005). Achieving social equity can be done by providing equal access to
resources and livelihoods. The feasible governmental intervention on this regard is to distribute public
services fairly among people considering their health, wealth, geographical location, etc... (Chitwood,
1974). Accordingly, distribution of public services is evaluated based on social and spatial equity. Social
equity can be expressed through various socio-economic groups of the inhabitants while spatial equity can
be expressed through geographical locations.

Along history, equity has been concerned with equality fairness, and any other topic comes into the debate
of the political philosophers about social justice (World Bank, 2005). There have been several concepts
and definitions of equity in various literatures. In general, equity as defined by Litman (2011) refers to the
fairness in which impacts (benefits and costs) are distributed. The other relevant concepts is can be seen in
the World Bank Development Report (Dongier & Lovei, 2006) defining equity in two basic principles:
equal opportunity and avoidance of absolute deprivation while Bago d'Uva et al. (2009) expanded this
concept to cover the three strong areas of convergence ie. equal life chances principle; equal concern for
people’s needs, and meritocracy.

2.3.1.2.3. Social equity

In general, social equity is the equitable distribution of impacts. It is defined by Litman and Brenman
(2012) as the equal distribution of benefits, disadvantages and costs among people. On the subject of
infrastructure, Litman (2011) adds more specific definition for equity. He refers to it in three main
dimensions; distribution of impacts as horizontal dimension, income and social class as first vertical
dimension and finally mobility, need and ability as second vertical dimension.

Distribution of impacts as horizontal dimension refers to fairness in distribution of impacts among
individuals without any favour. All individuals should benefit the same. Everyone should receive equal
benefits of resources and bear equal costs. Income and social class as first vertical dimension refers to
justice in distribution of impacts between groups who have different abilities or needs. At times, it is
defined as social or environmental justice. These groups are distinguished either by their income level or
by social class. It is achieved by any project considering low economic or socially deprived groups (e.g.
Fair transport policies). The last is mobility, need and ability as second vertical dimension, which considers
individuals with disability or special constraints.

2.3.1.2.4. Spatial equity

Spatial equity is the equal distribution of individuals on geographical location affected by particular
projects. By (Stohr & Tédtling, 1977; Thomopoulos et al., 2009), it is dropping of disparities between
different living levels. Maro (1990) defines the practical means for applying spatial equity. It can be by
identifying criteria defining fairness in the allocation of basic social services, activities and development
resources. Talen and Anselin (1998) define it as the correlation between spatial distribution of
services/activities and spatial distribution of different socioeconomic groups; the definition show that
spatial equity and social equity are not apart from each other. In this context Tsou et al. (2005) state, that
spatial equity is one of social equity forms.

2.3.2. Analyze policies and methods

There have been many recent studies discussing different aspects related to infrastructure resource
allocation targeting on the Equity Based concept, reflecting the current investment strategies as the
priority concern for policymakers as fair distribution of infrastructure investment resources.
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2.3.21. Policymakers practices (currentinvestment strategies)

It can be a challenging and complex endeavour to achieve positive long-term community development
impacts, supported with the help of community initiatives. To a large extent, various programmes and
Initiatives are not able to deliver in their full capacity despite a stipulated time period, goodwill and
invested resources by governmental firms and communities. In quite a few cases, the result of poor
planning can be blamed in giving rise to negative attitudes about governmental firms by generating
conflicts and creating dependencies in regard to distribution of profits and benefits (IFC, 2010).

In the beginning of year of 2012, there can be seen unending economic depression and fiscal crisis
engulfing large parts of the developed world, also affecting rising economic powerhouses like that of India
wherein many people still remain poverty-stricken. In many political debates and discussions, the
fundamental basics of a capitalist system are being in question and have been regarded as the most
appropriate way to transform the financial system in order to prevent future collapses. Even with the
widespread crisis situation, enhanced technologies, changing attitudes and a hope for reconstruction
shown by the revolution made by micro financing have given way to newer opportunities to serve global
poor through market based innovations. These are being explored by motivated entrepreneurs who
believe in taking greater risks for overwhelming social value and little financial reward. Such ideas have led
to the evolution of the new field of ‘impact investing’. In just a span of few years many funds have been
allocated and hundreds of dollars are being invested in the coming year (Harvey et al., 2012).

In the recent history, philanthropy of a newer form has emerged, known as “Philanthrocapitalism”. The term
suggests, “Private giving can fill the void left by diminished government spending on social and development programmes”
McGoey, 2012). Critical acclaims highlicht that philanthropy does not act as a substitute for stronger
support from the government in terms of social welfare. McGoey (2012) however challenged this
assumption in his works and explored newer philanthropic initiatives that compelled to increase financial
support from governmental authorities towards private sector enterprises. Nonetheless, according to him
governments remain one of the most powerful actors in the philanthrocapitalist makeshift.

23.2.2. Recentand ongoing studies

There have been many recent studies influenced by the current policymaker practices as mentioned in the
previous section, discussing different aspects related to infrastructure resource allocation targeting on the
Equity Based concept, reflecting the current investment strategies as the priority concern for policymakers
as fair distribution of infrastructure investment resources.

Firstly, addressing the mutual effect of infrastructure and economic development has become a prior
concern for both economic and infrastructure researchers. Many researchers developed models that work
on national level to study the effect of infrastructure development on economic performance in order to
assess the infrastructure resource allocation process (Cohen, 2010; Elhorst et al., 2012; Gutiérrez et al.,
2010; Wismadi et al., 2012; Yu et al, 2011). However, for more decentralized management or when it
comes to more disaggregated level of analysis, it is a different story. Thornton (2007) argues that in a
micro level study local conditions and preferences must be considered. Wismadi et al. (2012) also discusses
the differences between economic indicators used to evaluate the effect of infrastructure on economy at
national and local level. At local levels, if the modelling of infrastructure - economic interaction is more

accurate, it influences the decision makers to get a less biased image.

Wismadi et al. (2013a) suggested preference modelling for decision support systems concerned with
resource allocation that addresses both social and spatial equity. The proposed preference modelling takes
into account the neighbourhood inequalities mainly when taking spatial equity in consideration. To test the
performance of the developed preference model versus other preference models that disregard spatial
equity or the A-spatial preference models, Wismadi et al. (2013a) conducted a study to compare both their
performances in accordance with two welfare theories: utilitarian and non-utilitarian. This comparative
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study is conducted by applying the two types of preference models on a case study of resource allocation.
The focus of the case is the improvement of four types of public infrastructure (Transportt, electricity,
telecommunication and water) in the region of Yogyakarta, Indonesia. The redistribution resulting by both
preference models are compared against utilitarian and non-utilitarian theories. For utilitarian approach,
the results of redistribution are measured by a total utility equation of the additional service to each village.
For non-utilitatian, curve dominance analysis is used to evaluate the redistribution effect on equality of
opportunities. The developed model by Wismadi et al. (2013a) has proved to be more satisfying than the
other: A-spatial preference model for both utilitarian and non-utilitarian welfare theories. The results also
reveal the effect of the initial condition of the infrastructure and initial level of inequality on the
effectiveness of the used preference modelling technique for equitable resource allocation. This study thus
presents an evidence of the importance of considering the spatial factor in resource allocation decision
making by adopting a spatial preference modelling technique in the used decision support system.

At micro level (village level), Wismadi et al. (2012) conducted a study to investigate the effect of including
the neighbours’ infrastructure and economic conditions as well as infrastructure interdependency on the
economy-infrastructure interaction modelling. In order to study this effect, he applied three approaches of
evaluating economic opportunities of an area. The first one is the base concept that disregards the
surrounding. It assumes that the estimation of local economic potentials depends on the combination of
existing different types of infrastructure within the study place, not only the quality of each service
separately. The second concept starts to incorporate the surroundings characteristics. It adds another
factor to the previous concept, which is the economic and infrastructure characteristic of the neighbours.
The third concept, and the focus of the study, is the concept that considers in addition to the past two
factors, the interdependency of different infrastructures inside a village under study and between it and its
neighbouring villages. The estimations of economic opportunities resulting from these three concepts are
then validated against the actual data of poverty distribution among Yogyakarta region. The study thus
reveals more accurate performance of the third concept in estimating economic opportunities compared
to reality. Taking the neighbouring effects of the concerned area into consideration as well as the
interdependency between its infrastructure and its neighbours’ will increase the accuracy of the result and
reflect a better image of the existing reality. This in turn will improve the infrastructure resource allocation
decision-making process.

In order to prove the importance of the spatial factor in preference modelling used in the decision support
systems, Wismadi et al. (2013b) developed a spatial preference modelling (SPM) technique that includes
spatial neighbourhood comparison factors. They believed that this would enhance spatial decision support
system’s performance in supporting spatial equity. The authors compared the performance of a spatial
preference model, which consider the spatial factor as well as the neighbouring objects, against a moze
commonly used non-spatial preference modelling. The subject of comparison is the achievement of
equality in allocating resources for transport infrastructure development in Yogyakarta, Indonesia.
According to the authors, standard preference models incorporated in decision support systems (DSS)
generally aim in transforming the preference values of the stakeholders involved in decision making into a
set of priorities. However, such models usually disregard the spatial and neighbouring equity. Even for
spatial decision support systems (SDSS), only the resulted priorities are shown on maps but the work
behind these results ignore the spatial factor. Estimating individual sense of inequality in such non-spatial
context of comparison could be inaccurate. Wismadi et al. (2013b) argue that individual sense of inequality
is relative according to local conditions. A neighbourhood in a well-developed city that suffers of bad
infrastructure would have a higher sense of inequality than another neighbourhood with the same
infrastructure conditions in another area where this infrastructure condition is the average of the area.
Such inequalities like the case of the first neighbourhood could not be captured in overall comparisons. It
only appears when considering the comparison with the neighbouring conditions. On the other hand, the
higher the distance between inequalities the less is the feeling of this inequality. In the context of
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infrastructure, the importance of the spatial local factor is even mote obvious, as infrastructure depends
on the interconnectivity between added and existing networks.

24. Conclusion

The chapter provides an overview of the key concepts of Infrastructure resource allocation, importance of
spatial decision support systems and its components and most importantly introduces the Infrastructure
resource allocation practices. These practices comprise of the current investment strategies, which have
become priority concerns for policymakers. It is clear from above literature that policies form the
guidelines for a government to achieve both long term and short-term objectives relating to
economic/social/ environmental concerns, which transforms the role of governments as most powerful
actors in attaining positive community development impacts. This helps to gain a deeper understanding of
these policies by further emphasizing specifically on redistributive policies in the context of pro-poor,
market based, environmental policies leading to effective decision-making processes. Finally, we can

address that the priority concern for policymakers and economic and infrastructure researchers is fair
distribution of infrastructure investment resources.
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3. RESOURCEALLOCATION CRITERIAAND METHODS

This chapter describes the Infrastructure resource allocation criteria. The strategy for the system is based
on the policies and methods addressed in the previous chapter. The suggested practice contributes to
improve planning procedures at the local (municipal) level, more so the decision making process related to
infrastructure resource location-allocation.

The structure of the resource allocation criteria includes various methods and each method as explained in
the following section is a development of integrated vision and strategy including description of the
approach, context of use and objectives of the practice. Different policies have been studied (Pro-poor,
Market Based and Environmental) and methods (Economic Opportunities, Equity Based) have been
reviewed and analysed in the literature review section in order to determine the criteria to be chosen for
this research. However, current policymaker concern, recent and on-going studies mostly target the Equity
based concept, which reflects the current investment strategies and have been elaborated further in this
chapter.

31.  Equitableinfrastructure investment

In order to achieve fair distribution, infrastructure investment resources will be subject to the concept of
equity. Equity in infrastructure planning is more to prioritize infrastructure investments through
discussions between policymakers, civic leaders and residents in order to promote the preparation of long-
term vision. In order to develop our conceptual framework to structure the issues facing the governments
and explore the aspects for equally distributed infrastructure, this research will explore the equity aspects
of infrastructure. Firstly, defining the equity dimensions and the criteria required to evaluate equity of
infrastructure distribution. Secondly, describing methods to measutre equity of infrastructure distribution.
Finally, assessing the conditions and policies that lead to infrastructure equity, which will be the main base
for the developed framework.

3.11.  Whylnvest Equitably?

Infrastructure is acknowledged as a key resource for education, health,
and economic opportunity. We all depend on public infrastructure as it
provides us with the roads that take us to work, the water we drink, the
energy that lights our homes and the schools for our kids. Infrastructure
development is considered as an important economic growth factor with
a high economic, social and environmental return. The importance of
infrastructure lies in improving the quality of life and economic

opportunity, which acts as the main inspiration for investment strategies
that should be “fair”. This encourages recent studies to concentrate motre
on equitable infrastructure investments policies, and the relation among investing on infrastructure and
productivity, protecting the environment and the natural resources and tackling community disadvantage
to accomplish equality and regional balance.

Infrastructure investment is a factor for economic development. Infrastructure can improve economic
opportunities for low-income family members and areas. Considering equity in investment decisions does
not actually come at the price of other areas but in some circumstances may actually enhance wider
development and financial performance. Equity in infrastructure investment may help build the
governmental and public agreement required for larger public projects.
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3.1.2. Performance measurement

Widespread utilization of performance measurements in the organization and execution of public
programs gives way to many significant questions. Some of these questions include: the issues that can be
considered for measurements and how should they be measured, the ways in which performance
measurements can be put to use, in what way can managers make use of these measurements to improve
the overall performance of public organizations etc. Many studies have previously stated about the
significant impacts with the use of performance measurements. Thus it incorporates the capacity to
improvise upon the performance levels of public programs which seems most likely as one of its major
goals, which thereby increases the possibility of ignorance of public values (Jennings Jr, 2006). However,
as the major goal of the research reflects fair distribution of infrastructure investment resources, our main
concern will be the equity measurements.

3.1.3. Equity Measurements

To be able to distribute resoutces equitably, it is of prime importance to understand and define the
concept of equity. Notions of equity, equality and redistribution are however seen as concepts linked to
each other and direct government interventions. The notion of equality, seen from economical perspective
indicates sharing of incomes in an equitable way (Garcia-Valifias, 2005). This notion necessitates
redistribution among groups and most often face problems in its implementation. The notion of equity on
the other hand, is significant to development of infrastructure, aiming at provision of minimum levels of
service to facilitate people that have access to specific levels of economic opportunities.

3.1.3.1. Capability Approach (CA)

In accordance to the equity concept, Sen (1980) introduced the Capability Approach (CA) as an approach
aiming to assess the social equity. Capability approach base the assessment of social equity on equal access
to opportunities (Chiappero-Martinetti & Roche, 2009), and defines opportunities as the capability to
accomplish functioning desired by individuals (Wismadi et al, 2012). For that, opportunities are not
essentially money related. The level of transportation infrastructure service for instance as an indicator of
mobility could reflect the level of capability too. A good transportation network provides individuals with
a good and reliable means to move around and therefore access to different activities and opportunities
(Wismadi et al.,, 2012). The capability approach is used in this research as the base for the infrastructure
resource allocation.

3.1.3.2. Gini-Coefficient of Inequality and Lorenz Curve

Gini-Cogfficient and Loreng Curve are understood as 1o
descriptive measures in the study of economy. In the ,
theory of location, these have been defined to find /
the most optimal location (Maimon, 1988).

Gini-Coefficient is significantly used as a measure of
inequality. It has its basis from the Lorenz curve,
which is a cumulative frequency curve that is used for
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from poor to rich while cumulative percentages of Figure 9: Lorenz Cutve
expenditure on the y-axis (vertical axis). Thus the Gini Source (Haughton & Khandker, 2009)

coefficient has been defined in terms of A/ (A + B), where both A and B are areas depicted in the figure
above. If taken A = 0, then the Gini coefficient is also 0, this indicates perfect equality while on the other
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hand, if taken B = 0, then the Gini coefficient is 1, which indicates perfect inequality (Haughton &
Khandker, 2009). In this research, the use of Gini-Coetficient of Inequality and Lorenz Curve will be as a
social equality measurement.

3.1.3.3.  Spatial Autocorrelation

The understanding of the geographic phenomenon takes place by analysing and identifying the
geographical patterns. Although maps are a tool to get a sense of the spatial pattern of features,
distribution and values of their association, statistical calculations are still more significant in quantifying
the patterns. It facilitates comparison between the different patterns of distribution and helps in
identifying the clustered patterns, whichis required to distribute infrastructural resource equally.

Spatial Autocorrelation is one means of geographical analysis. It is defined by Upton and Fingleton (1985)
as “property that mapped data possess whenever it exchibits an organized pattern” and as "it is more useful to define spatial
autocorrelation by means of understanding lack of spatial autocorrelation’ In other words, non-existence of
connection between spatial features indicates the lack of spatial autocorrelation. This definition is
considered to be a subjective definition because 'organized pattern' have many meanings. Upton and
Fingleton (1985) state that, spatial autocorrelation cases are undertaken when for instance the values of
spatial variation across a map are systematic. This indicates that positive spatial autocorrelation exists
when there is an association between high values at one locality with neighbouring localities, while
negative spatial autocorrelation exists when high and low values are carried by adjacent localities.

In the same context, Goodchild (19806) state that; “Spatial autocorrelation deals simmitaneously with both location
and attribute information”. Spatial autocorrelation has been also "concerned with the degree to which objects or
activities at some place on the earth's surface are similar to other objects or activities located nearby and reflects”
(Goodchild, 1986). This definition is in accordance to Tobler (1970) first law of geography, which states,
"everything is related to everything else, but near things are more related than distant things".

In this research, we will thus use a Spatial Autocorrelation method in order to analyze the geographic
patterns ie. Global Moran’s 1. Global Moran’s I, is a widely used statistically measure to test the spatial
autocorrelation, based on the value and location of the feature, which is used to evaluate the distribution
patterns of the features such as cluster, disperse or random.

In this research, the use of Global Moran’s I will be as a spatial equality measurement, concerning the
distribution for infrastructure resource; the more the pattern is clustered more equitable it is.

3.1.3.3.1. Global Moran's |

Global Moran's I is a spatial autocorrelation measure. It is based on the value and location. It evaluates the
distribution pattern (e.g. cluster, disperse, random). Global Moran’s I helps in identifying the
neighbourhood distance which makes spatial autocorrelation become strong (Mitchell, 2005).

The positive value of the Global Moran's I indicates that both values for neighbouring locations are either
larger or smaller than the mean. If one of the values is smaller than the mean and the other is larger, then
the value turns to be negative. Note that; deviation from the mean and the cross-product result are directly
proportional. The more the deviation increases, the higher the cross-product result. Moran's Index values
lie between -1.0 and +1.0. Then, Global Moran's I computes comparison between the Observed and
expected values. The computation for z-score and p-value and the differences between data values to
indicate the statistical significance of these comparisons. For instance, if a location values are spatially
distributed in a random way, the p-value would be statistically non-significant (Mitchell, 2005).

3.1.4. Equity-Based Infrastructure investment

This research will focus on trying to develop a conceptual framework clarifying the equitable approach to
infrastructure investment. The conceptual framework that will be developed should have a strategy for
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assessing needs. Therefore, there is a need for a plan “e.g. five-year infrastructure plan” to clarify how

priorities are to be implemented within or across departments and what is the basic required data to assess

these needs.

As we addressed earlier the adopted policy in
this research is “pro-poor” policy and the chosen
method is “Equity”, therefore the critetia should
reflect in achieving equitable resource allocation.

The criteria will rely on two preference models in
determining priorities to address, adapted from
on-going modelling
equitable infrastructure (Wismadi et al., 2013b).

study concerns about
The role of a preference model is to translate
stakeholders’
priorities to target. Ilirst model is Non-Spatial

inputs and preferences into
preference modelling estimating individual sense
of inequality in
Wismadi et al. (2013b) argues that notion of
inequality is relative according to local conditions
e.g. neighbourhood in a well-developed city that
suffers of bad infrastructure would have a higher
level of inequality than another neighbourhood

such non-spatial context.
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Figure 10: Equity-Based Infrastructure investment

is the average of the area. Such inequalities like the case of the first neighbourhood could notbe captured
in overall comparative processes. This led Wismadi et al. (2013b) to introduce the spatial preference

modelling approach. Especially in the context of infrastructure, the importance of the spatial local factor is

even motre obvious, as infrastructure depends on the interconnectivity between added and existing

networks.
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3.2. Infrastructure resource allocation decision criteria (\Workflow)

The following section will address the developed infrastructure resource allocation criteria (Figure 11),
explaining the workflow that decision makers will follow in order to distribute the available resources,
thereby improving the equitable distribution of infrastructure service level.

Resource location-allocation Criteria

Existing Infrastructure Indicators

|
Transport Electricity Telecommunication Fresh Water
| ] ] |

5" Infrastructure Index Score

./

Existing Infrastructure Index

v

PTA' Priority Targeting for allocation

\/

Priority Targeting Locations

v

L Generate Alternatives
New Infrastructure Index
EA

Evaluate Alternatives

v

Figure 11: Infrastructure resource allocation Dedsion Criteria

In the context of this study, the resource allocation process is based on four sectors of infrastructure
(transport, electricity, telecommunication and freshwater). The first step in this developed criteria, is to
combine those four sectors indicators in order to generate one indicator representing the infrastructure
score index using the non-spatial preference modelling or spatial preference modelling approaches. The
non-spatial preference modelling reflects the local infrastructural condition for each location, and the
spatial preference modelling approaches reflects the neighbourhood infrastructural condition for each
location.

The next step is to identify the priority target locations. The decision makers identify deprived locations
based on their goal (e.g. poverty line, service level goal ...etc.). This step can be addressed by using two
approaches, first to assign this goal through the four infrastructure input indicators (e.g. transport poverty
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line) by generating the infrastructure (goal method - linear scale transformation method) in both
implemented models. Second approach is through the calculated existing infrastructure index (e.g.
infrastructure index poverty line).

After identifying the priority target locations, decision makers will start to generate alternative(s) to
distribute and allocate the additional resources on the identified locations following the same approach
used in the previous step, using either the first approach to assign the resources for each infrastructure
indicator (e.g. increase travel speed — transport indicator) or the second approach (e.g. increase the
infrastructure index). The generated alternative(s) thus represent the different possible alternatives that the

decision makers can adoptas a solution.

After generating the possible solution alternative(s) for allocating the available resources, this step involves
evaluation of these alternatives. The designed criteria address two evaluators. First, Ghbal Moran's 1
statistic, which is a spatial autocorrelation method based on both unit location (spatial location) and unit
value (infrastructure index). It evaluates the infrastructural service pattern expressed (clustered, dispersed,
or random) as the criteria target, achieving a fair distribution of available resources. Global Moran's 1
identifies the alternative with the highest score as the most suitable alternatives, representing the
alternative with the most clustered areas, which proposes equity in the distribution of available
infrastructural resources. The second is Gini-Coefficient, which is a measure of inequality, and is based on
Lorenz Curve, which is a cumulative frequency curve that compares the distribution of an infrastructural
service level (index score) with the uniform distribution of the case spatial units (e.g. villages). Based on
the results of the two evaluation methods, decision makers can identify the suitable alternatives to choose.
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3.3. Infrastructure resource allocation decision criteria (processes and methods)

This section describes the methods and processes in each main process, mentioned in the workflow for
the Infrastructure resource allocation criteria as developed in this research (Figure 11).

3.3.1.  Existing infrastructure indicators

As mentioned previously, the term infrastructure in this research refers to the four major sectors of
transport, electricity, telecommunication and freshwater. Thus the main focus of the study is to
understand how to generate an infrastructure score that represents the service level of infrastructure,
which is thus representative of all its four sectors.

3.3.2.  Generate infrastructure score

In this step we are using two models to generate the infrastructure score adopted from an on-going study
(Wismadi et al.,, 2013b). Wismadi et al. (2013b) introduces two models for equitable infrastructure, which
are non-spatial preference modelling and spatial preference modelling approaches.

The Non-spatial preference modelling approach reflects the infrastructural conditions while the spatial
preference modelling approach reflects the spatial unit. This means that it reflects the infrastructural
conditions within the spatial unit of analysis ie. the neighbourhood, for this study. Thus for each
modelling approach the steps defined in (Figure 12) will be further addressed in the following sections.

s Infrastructure Index Score Transport
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Telecommunication

Analysis Models

I
v v

Non-Spatial Preference Spatial Preference Modelling
Modelling (NSPM) (SPM)

\
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Figure 12: Generate Infrastructure Score
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3.3.21. Non-Spatial preference modelling

In order to compare the different infrastructure indicators preference models mostly incorporate a
decision rule that is based on a variation of ranking amongst objects. For comparison of these objects, a
widespread method of linear scale transformation is applied to transform the original scores in the form of
standardized scores.

3.3.2.1.1. Standardization methods

Linear scale transformation is a deterministic method used to transform input raw data into corresponding
criterion scores and there are three different standardization methods which can be understood as under
(Malczewski, 1999).

3.3.2.1.1.1. Maximum standardization

Mascimum standardization generates scores based on ratio scale in an aligned manner between zero and the
highest score. In the case of benefit criteria, the highest score has been standardized to ore, but in the case
of cost criteria the lowest score has been standardized to oze (Equation 1and Equation 2). The advantage of
this standardization method is simply stating that the standardized scores are proportional to the original
scores. It is however important to mention that less variation will be observed while comparing the scores.

Equation 1: Non-Spatial Model - Maximum Standardization, Benefit aiteria

Xi

 max X
Equation 2: Non-Spatial Model - Maximum Standardization, Cost citeria

X; —min X
p = (fzmnty

i

maxx
Where:
P The priority score for the spatial unit of analysis
X Original (ctiterion ot infra) score of the spatial unit of analysis ;
min X The lowest value of the input set
max X The highest value of the input set ;

3.3.21.1.2. Interval standardization

Interval standardization generates scores based on a relative scale, in an aligned manner between zero and the
highest score. In the case of benefit criteria, the highest score has been standardized to orne, but in the case
of cost criteria the lowest score has been standardized to oze (Equation 3 and Equation 4). The advantage
of this standardization method is that the variation between scores is exaggerated.

Equation 3: Non-Spatial Model - Interval Standardization, Benefit citeria

X; —-minX
max X — min X

i
Equation 4: Non-Spatial Model - Interval Standardization, Cost criteria

_( X; -min X )
"7 \max X — min X

Where:
P The priority score for the spatial unit of analysis
Xj Original (criterion or infra) score of the spatial unit of analysis
min X The lowest value of the input set ;
max X The highest value of the input set ;
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3.3.2.1.1.3. Goal standardization

This method of standardization is however similar to the earlier one, but it aims to assign reference points
within the range of unit j values (Equation 5 and Equation 6). These reference points thus represent an
ideal score or a goal value that would be accepted by the decision makers.

Equation 5: Non-Spatial Model - Goal Standardization, Benefit criteria
X; —min G
"~ maxG — minG
Equation 6: Non-Spatial Model - Goal Standardization, Cost citeria
p ( X;— min G ) +1
“" \maxG —minG

Where:
P; The priority score for the spatial unit of analysis ;
X; Original (criterion or infra) score of the spatial unit of analysis ;
min G The lowest value of the range goal - range G defined by stakeholders

max G The highest value of the range goal - range G defined by stakeholders

Finally, by using one of the above methods, the different indicators are identified by the decision makers
to represent the four infrastructure sectors, which are represented in different units according to each
sector charactetistics (e.g. transpott sector indicator: travel speed (km/h), telecom sector indicatot: average
transfer capacity (kbps)). The linear scale transformation method will thus be applied using one of the
above methods, based on the advantage for each method and requirements of the decision makers. Thus,
the result of the model will generate four new indicators representing the four infrastructure sectors on
the scale from zero to one.

Standardization Without Spatial Neighbouring Comparison Features

(NSPM)

Standardization Procedures

Maximum standardization

Produces scores on a ratio scale with a
linear function between 0 and the
highest absolute score.

X

Benefit criteria P, = —
max x

Interval standardization
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Benefit criteria  p =1 "0
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scores.
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standardized to 1 with a value of 1 {maxG-minG )
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P=3 2 |41 L P .
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Xi

max x
min x
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and aims to exaggerate the differences.

standardize, i.e. the goal range G. A meaningful
minimum value for G is often the score in the no-
action alternative, or the score of the worst possible
alternative.

This method produces a clear, real meaning,
independent of the alternatives being
evaluated.

The priority-score for unit j, the unit is a spatial target for resources location-allocation.
The score of unit /.

The highest absolute score in dataset x.
The lowest absolute score in dataset x.
A specific goal reference point to the lowest value between a user specified range of maximum and minimum.

max G = Specific goal reference point to the highest value between a user specified range of maximum and minimum.

Figure 13: Non-Spatial preference modelling
Source: Adapted from (Wismadi et al., 2013b)
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3.3.2.2. Spatial preference modelling

In the spatial preference modelling, the spatial factor of comparing neighbouring conditions is of
significant importance. The spatial preference modelling approach in this research has also been
developed by Wismadi et al. (2013b) with a spatial autocorrelation feature, that has been done by
extending the concept of Moran’s I scatter plot formation and combining it to linear scale transformation
method.

Moran’s I Index is a statistical measure for spatial autocorrelation (Shortridge, 2007) that quantifies the
differences between values over an area. It has been widely used in quantifying spatial distribution.
However, it has not been utilized in the context of resource allocation (Wismadi et al,, 2013b). In the
context of this study, Moran’s I is understood as a correlation between value (Xj) at location ( j) and the
average values of the neighbours of this location (Xiag i). The neighbouring locations identified through a
weight matrix identifying local neighbours, thus generated based on a neighbouring connectivity rule as
explained below.

3.3.2.2.1. Neighbourhood connectivity

Neighbourhood connectivity is the way of determining the neighbour polygons. There are two types of
neighbourhood connectivity rules. One that considers any polygon that shares an edge or vertex with the
concerned polygon as a neighbour polygon, while the other considers polygons to be neighbours if only
they share an edge. In this study, the first type was selected for use, as it reflects better representation of
the spatial units’ neighbourhood connectivity.

The neighbourhood connectivity translated to a binary weight matrix, represented the neighbouring status
between the target polygon and neighbour polygons and zere for non-neighbours. This way, when taking
averages for values, only neighbouring polygons were thus considered in the calculation having a weight of
one and others neglected with a weight of zero.

3.3.2.2.2. Spatial lag

The Spatial lag (Xlag i) represents the weighted average of the neighbouring polygons values. Thus before
we implement a linear scale transformation method, standardizing X; into Xj and XJagi intoXiag i are of
prior significance. For both of X; and X]agi, the standardizations thus made have been based on a raw
dataset of x, thereby the mean and standard deviation SD (x) have been applied to the following
formula(Equation 7 and Equation 8),

Equation 7: Standardization x; To X;

Xi= (x;— x)/SD (x)
Equation 8: Standardization X ;44 To Xiqg

Xlagi = (xlagi - E)/SD )

Where:
X; The value at location ;
X; Standardized X;
x Mean value of the input set values
Xiagi Average value of the location ; neighbouring values
Xiag i Standardized X4 ;
SD (x) Standard deviation of the input set values
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3.3.2.2.3. Local inequity

As Xj and Xlagi ate now calculated we could determine the local inequity g, which represents the
difference between the value Xj at the location ;and its neighbouring units Xjagi (Equation 9). Here, a
positive g; represents a higher local inequality whereas a negative g; represents that location i is a place of
location that has a good condition while 0 represents equity.

Equation 9: Local Inequity

g =X

i lagi_X

i

3.3.2.2.4. Standardization methods

Applying the same linear scale transformation methods, which we used in the Non-Spatial preference
modelling (Section 3.3.2.1.1) but here we also include the spatial factor through considering the spatial
weight matrix and use the local Inequity values instead of the infrastructure indicators.

3.3.2.2.4.1. Maximum standardization for spatial preference model

Maximum standardization generates scores in neighbouring units based on ratio scale in an aligned
manner between gero and the highest score. In the case of benefit criteria, the highest score has been
standardized to oze, but in the case of cost criteria the lowest score has been standardized to oze(Equation
10 and Equation 11).

Equation 10: Spatial Model - Maximum Standardization, Benefit aiteria
Q.
el
max g
Equation 11: Spatial Model - Maximum Standardization, Cost diteria

ming) — g;
p— w, | NB 8 1]

(maxg)
Where:
P; Priority score for spatial unit of analysis ;
Wi Connectivity weight of the neighbouring location
g; Local equity score of location ;
max g the maximum value of g of neighbouring units ;
min g the minimum value of g of neighbouring units ;

3.3.2.2.4.2. Interval standardization for spatial preference model

Interval standardization generates scores in neighboring units based on a relative scale, in an aligned manner
between zero and the highest score (Equation 13 and Equation 14). In the case of benefit criteria, the
highest score has been standardized to oz, but in the case of cost criteria the lowest score has been
standardized to ore.

Equation 12: Spatial Model - Interval Standardization, Benefit criteria

p— w. |8~ (ming)
7 Y] (maxg) — (ming)

Equation 13: Spatial Model - Interval Standardization, Cost citeria

_ gi — (ming)
Pi= Wi [_ ((max@) — (min g)) + 1]
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Where:

P
Wij
8i
max g
min g

3.3.2.243.

Priority score for spatial unit of analysis ;
Connectivity weight of the neighbouring location

Local equity score of location ;

the maximum value of g of neighbouring units j

the minimum value of g of neighbouring units j

Goal standardization for spatial preference model

This method of standardization is however similar to the earlier one while generating scores in
neighbouring units, but it aims to assign reference points within the range of unit ; values (Equation 14

and Equation 15). These reference points thus represent an ideal score or a goal value that would be

accepted by the decision makers.

Equation 14: Spatial Model - Goal Standardization, Benefit criteria

W;j (g)) —min G

Equation 15: Spatial Model - Goal Standardization, Cost criteria

Where:
P;
Wij
i
min G
max G

P;

max G — min G

Wij (gl) —min G

max G — minG

Priority score for spatial unit of analysis ;
Connectivity weight of the neighbouring location ;

Local equity score of location ;

The lowest value of the range goal - range G defined by stakeholders
The highest value of the range goal - range G defined by stakeholders

Finally using one of the above methods as previously mentioned, in Non- Spatial preference modelling,
will generate four new indicators representing the four infrastructure sectors on the scale from zero to ore.

To Indude spatal nesghborhoce
comparison  festures  into  the
pretorance madelling, we extond the
NSPM with 3 spabal sutozcerelaticn
feature, which is dore through an
extensicn of Moran'l scatter plat.

Moran's | can be nterpreted a3 the
comalation  betaven A spatia
varisble, X , and zpstial lag varisble
Standardize

1.%, X,

2.1, ntoX,,
Wa deotined the local irecuty &, of
the £ap wolues between 3 hocstian,
X, and its raighboring units, X

& =Xru.-, =X,

Then  apply A Boear  scak
transformation method to the lecal
inequity gl in lecation of | to abtain
the preference for Mlccatica. Three
standsrdiestion procedures similsr
10 KSPM (Tha masirum, ntervad,
and  geal stancardization) are
apphied.

Standardization With Inclusion Of Spatial Neighborhood-comparison Features
(sPm)

Extend the NSPM with a spatial autocorrelation feature

For both of xi and j log x , the
standodicotion ore made bosed an
the raw dataset of ¥, thevefore the
meon, ond the standard dewation
(S0) from x ase agghed 1o the the
faloming formula

X, =(x, =X)/SD(x)

X, =(x,, =X)SD(x)
X =56 setof input vafues of X
T rmeanaf
X, =X the location of |
Jin he focotion of |

0 standord deviotion of oV X

In the Moran's scatter plot, 3 zcatter
ciagram between X and X, for all
lecations of | is ganarated, which is
zad to cbtain Moran's | ndex.

Wie defined the local nequity &, or
the gap values between a lecatica |,
X andits neighbering uaits, X .,

8i=Xu, =X

i

Witere 3 positie €, indeate 3 high
local inequity, 0 means exqiity and
ragatne gl means that locatica | has
# better condition and ra priceity for
allacatian.

Standardization Procedures

Maximum standardization

Produces scores with a linear function
between 0 and the highest score in
neighboring units

Benefit criteria P=w £ ]
Y maxg J
The absolute highest score s

standardized to 1
ming J-¢
Cost criteria If=|t"[( ing ) 8,
max g
The absolute
standardized to 1

lowest  score is

Interval standardization

Produces the score that is normalized
with a linear function between the
absolute lowest score and the highest
score in neighboring units j
Benefit criteria ;.y &
7 Tk T 1)
The absolute highest score is indicated
with a value of 1

Cost criteria '.‘
r "'. (Tmavg T-Tming 1) "

The absolute lowest score is indicated
with avalue of 0

g-lming) ) 1

Goal standardization

Implies putting a constraint to the
location-allocation process.

Benefit criteria ’_:H“t\-,v—uun(.
' manG = minG
Costcriteria  p, [ Wi(g)-minG
LmanG-minG

It means, for example, that the allacation is
restricted only to locations under the
poverty line or within range of min G and
max G.

In the spatiallag based calculations the
allocation is restricted only to the locations
below the average value of nelghboring units
that will act as the powerty line, the so-called
local benchmark G.

Pi = yhe pivnty-zcore for nit | the umit 15 0 spotict torget for resources locoton-aliocotion

We = Represents the

e ¢ < Donotes minimum value of g of neiphbarng units |
LK = Denotes monmum value of g of neighbaning umits )

betweeni and its neig 9 ofi

The symbals of ~ond - above the 9 oims 10 emphasize thot the max ard min vafue is obtained
anly far ol g ot o f around the unit J, and nat far oY g in the ditaset.

Figure 14: Spatial preference modelling

Source: Adapted from (Wismadi et al, 2013b)

31



SPATIAL DECISION SUPPORT SYSTEM FORINFRASTRUCTURE RESOURCE ALLOCATION

3.3.2.3. Infrastructure score Index

In order to combine the generated four infrastructure sectors, different indicators have been identified by
the decision makers, generated from non-spatial or spatial preference modelling approaches. Thus the
following method is used for combining the outputs (four indicators representing the four infrastructure

sectors) of the used model to generate the infrastructure score index on the scale from zero to one
(Equation 10).

Equation 16: Combine infrastructure score Index

Pi Transport + Pi Electricity + PiTelecom + Pi Water)

S
iInfrastructure Number of indicators (4)

The output of the previous step will generate the infrastructure index score (from gero to one) representing
the local infrastructural condition for each spatial unit of the study (e.g. village). With this generated index,
the infrastructural service level can be identified amongst all the spatial units (e.g. villages) in the study area
(e.g. region) over one scale.

3.33.
Priority targeting locations (Figure 15) are identified using the

Priority Targeting for allocation

PTA Existing Infrastructure Index

v

Priority Targeting for allocation

generated infrastructure index score and the decision makers’
goals (e.g. poverty line, service level goal ...etc.). Both, the
index score and the study goal will detect the priority targeting
locations and the needs for the different infrastructure sectors |

through two possible approaches. Firstly by defining the goal
for the four infrastructure input indictors (e.g. transport
poverty line) by generating the infrastructure (goal method -
linear scale transformation method). Secondly, by using the
calculated existing infrastructure index (e.g. infrastructure index
poverty line).

GA

3.3.4. Generate Alternatives

Decision makers will produce the
different alternatives after identifying
the priority targeting locations, to
distribute the resources in a way that
improves the equitable distribution for
the infrastructure service level.

v

Case Target
Goal -Poverty line - ...

v

Existing Infrastructure
Index Score

Priority targeting Map

Figure 15: Priority targeting for allocation

Priority targeting Map

v

Generate Alternatives

v

Weighted Priority

A/

Percentage of resources from the total

There are many ways to distribute the

Calculate required resources %

available additional resources

vy

Update Infrastructure

available  resources, taking into
. To reach new Index Index
account the different backgrounds of ; v
the involved decision makers and the .
. . Updated Infrastructure Indicators

different possible targets for each case,

. . . . l
which influences generating different v v L v
alternatives in order to reach the most Transport Electricity Telecommunication Fresh Water

viable alternatives.

. . s
The process of generating alternatives

(Figure 10), two possible
approaches depending on the available

reflect

v

Infrastructure Index Score

v

Figure 16: Generate Alternatives

32



SPATIAL DECISION SUPPORT SYSTEM FOR INFRASTRUCTURE RESOURCE ALLOCATION

information and the case target.

The first approach moves in the direction of the workflow, which defines a case for improvement for the
four used indicators (infrastructure sectors), and use the new values to generate a new infrastructure index,
thus representing the new alternative. For similar cases, the workflow will begin from the priority targeting
locations, filtering it to the target locations for the alternatives. Then, the infrastructure index is generated
in order to address the future consequences after allocating the new resources, which will be used in the
last step of the criteria in order to evaluate the different alternatives.

In the second approach, the goal improvements of the case will be applied based on the existing
infrastructure index, the improved score index will thus represent the new alternative infrastructure index.
Thereafter, with the new index, will follow the weighted criteria process and update infrastructure
indicators in order to translate the improvement in the index to a percentage required to improve each

sector to reach the target index.

3.3.4.1. Weighted Priority

The first step after filtering targeting locations for each alternative represents a way to identify the
petcentage of available additional resources that each location requires, based on demographics or socio-
economic situation in the study area (Equation 17). Wismadi et al. (2013b) used to nommalize the score and
got the percentage of resources that each location deserved based on the number of households in each
location; a way to normalize the score using a demographic or socio-economic vatiable.

Equation 17: Normalize the score - weighted priority

P; .H;

a=o——
' XiPi.H

Where:
a;  Percentage of resources to be allocated in location ;
P;  Priority score of generate infrastructure score analysis

H;  Normalize variable e.g. number of households in location ;

3.3.4.2. Generate New Infrastructure Score

In this step, the percentage of resources should be assigned to each location based on the developed
alternative preference by using the existing situation analysis for each location and infrastructural sector
conditions; they can allocate this percentage in the sector, which will improve the infrastructure service
level. Thereafter, decision makers will generate a new infrastructure score for the study area, based on the
new added resources in order to address the future consequences after allocating the new resoutces. This
step will be done for each alternative, so finally the decision makers will have all the generated alternatives
with the new infrastructure score.

3.3.5. Evaluate Alternatives

The final step is to evaluate the alternatives generated by

. . . A )
the decision makers. The designed criterion addresses the Evaluate Alternatives

two evaluators in order to identify which alternatives i

achieve equitable distribution of resources. In order to

Gini-Coefficient Spatial Autocorrelation
and Lorenz Curve Global Moran's |

Autocorrelation Global Moran's I method while the second
method is the Gini-Coefficient. _

Figure 17: Evaluate Alternatives

answer those questions, first evaluator is The Spatial
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3.3.5.1. Global Moran's |

The Local Moran’s I statistic of spatial association is given as:

Global Moran's 1 is a spatial autocorrelation z—X n _ ‘
. . . Ii=——(— ¥ wi(z; —X) (N

measure based on both unit location (spatial 52 T
location) and unit value (infrastructure index). It .

X . where @; is an attribute for feature ¢, X is the mean of the corresponding attribute, w;,; is the spatial
evaluates the infrastructure service pPattefn  weignt beoween feature  and 7, and:
expressed (clustered, dispersed, or random) as ’—1721» (- X
developed for criteria targeting to achieve fair CHESE L 1 -X? 2

n —

distribution of available resources. Global Moran's
I identifies the alternative with the highest score
as the most suitable alternatives, as 1t W]_]l The z7,-score for the statistics are computed as:

with n equating to the total number of features.

represent the alternative with the most clustered = I; — E[I] 3
areas, which proposes equity in the distribution ' y VL]
of available infrastructural resource. Moran's "
Index values lie between -1.0 and +1.0. If a i i

. . o . E[l}] = -2 — “)
location values are spatially distributed in a n—1

. VI = E[I?] — B[, )

random way, the p-value would be statistically i
non-significant (Mitchell, 2005). Figure 18: Spatial autocorrelation - Global Moran's I

Source: (Mitchell, 2005)
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(e.g. region). Figure 19: Lorenz Curve calailation

In order to construct Loreng Curve, precise

results can be achieved by calculating the mean value between the difference existing in infrastructure
service and the generated alternatives then apply an even estimation to the distribution function to match
the number of spatial units. As can be seen in (Figure 19), cumulative percentages of the number of the
spatial units (e.g. villages) have been plotted on X-axis (hotizontal axis) while cumulative percentages of

infrastructure service level (score index) on the Y-axis (vertical axis). Then the calculation of Gini-coefficient
has been defined in terms of A/ (A + B).

Finally, based on the results of the two evaluation methods decision makers can identify the suitable
alternative that improves the equitable distribution of infrastructure service level.

34. Conclusion

This chapter described the resource infrastructure allocation decision criteria, introducing the developed
wotkflow for the decision makers, incorporating various steps and methods giving the complete detailed
explanation of how the process of infrastructure resource allocation can be carried in order to support the
decision makers in achieving equitable infrastructure service distribution among their study atea.
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4. SDSS FRAMEWORK

This Chapter presents the initial spatial decision support system SDSS framework that covers the
addressed decision criteria of infrastructure resource allocation. The main objective of spatial decision
support system SDSS is to support decision makers (e.g. government or municipal agencies, promoters,
etc.) in achieving equitable distribution of infrastructure service and achieving the best use of the available
infrastructure resources. Decision makers, should be fully aware of both the current situation and the
effects/benefits of their decisions through visualizing different scenarios and alternatives. This chapter will
try to address the framewotk for developed spatial decision support system in order to facilitate, visualize
and analyze different scenarios and alternatives.

41.  SDSS development Framework

Steps required to conceptualize the framework for spatial decision support system (SDSS) include four
main steps as can be seen in (Figure 20). Firstly, defining strategies for infrastructure resource allocation
by reviewing current policies and methods, besides concepts/rules and measures used by decision makers,
to define the required approaches, in order to achieve the goal of the identified decision makers vision, to
achieve fair distribution of infrastructure resources. Secondly, designing the system through, defining the
infrastructure requirement analysis for resource allocation criteria. In order to design the framework for
the spatial decision support system, we first need to clarify the system requirements, which include
defining the target user group(s), system assumptions, required inputs and outputs, user communication
and using of system outputs in decision-making process. This design step is a transition step to identify
the system operations. Thirdly, implementing SDSS by defining flowcharts of system operations, which
consist of different modules each of them focusing on a specific part as data management module,
visualization module and analysis module; then designing the prototype based on the flowchart and in the
end building and testing the SDSS. Finally, operate the SDSS on a case study that fulfils the required data.

Flow chart operations i i
Policy and Decision Resource Allocation Criteria ( ) IHEATETHTE SEETETO
Methods Makers Requirement Analysis -8 - §
5% Data base module Case study - fulfill required data
o=
. &3 At :
Policy Concept/Rule Target user group(s) 83 Visualization, Reporting The system is tested and illustrated to a
T M > hypothetical region of a hypothetical
eory easure System assumptions GIS Analysis country in S.E. Asia, in which realistic
Approach g data and problems have been drawn
i : : 2 Scenario generation module from a generic concept of the used
Required inputs | Required outputs g methods. This problem will also be
Infrastructure resource allocation o 5 Forecasting module relevant to all cases fulfilling the required
Adapted Vision and Practice User Communication inputs for the system and the accuracy of
Prototype Design the results might be affected by the
. Using of outputs in decision making nature of the case.
Infrastructure resource allocation
decision criteria [ Transition to operations ) [ SDSS Build and Test ] Output Assessment

Figure 20: SDSS Framework

For the first step, 0, defined the system strategy as targeting the pro-poor policy, applying the equity base
concept as the identified system vision and the adopted practice, which the developed framework should
follow and represent. Then 3 identified the workflow (decision tree) of the resource allocation criteria and
the detailed processes and methods that will be used to make the allocation decision achieve the adopted
vision, which is equitable distribution of infrastructure service level.
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This chapter begins from the design step (Figure 20) which will start to collect the system requirements,
starting from getting to know who the system potential users (decision makers) are. Then breaking down
the developed decision critetia for infrastructure resource allocation into process, identifying each process
inputs and outputs, and identifying how the system potential users will communicate with the system and
the required outputs supporting their decision making process.

Thereafter, introducing the implementation of the system workflow with identified processes, in order to
generate the required outputs for the decision making process, to operate the system using available
dataset which fulfils the required inputs for the developed criteria.

4.2, Decision Makers ‘Potential users’

The expenditure on infrastructure is one of the

. . Government
largest items between countries' budgets. The current

C wn
O =
. . . - Q P
expanse levels are stll insufficient to meet -8 ¥  Municipalites —»  Vision and strategy
. . . . . w
populations’ needs although existing infrastructure is @ = 2 e
. romoters
ageing, demand for more and better roads and i =
. > . . = Theory
improved water and sewer systems is growing. a z g =
. . . B oL o oncept/Rule
Complex and technical materials are required for e ( %, E
.. . . . - J - Measure
decision-making and investment planning should be 774 et ey o
7 \ E Approach

transformed into non-technical principles and .
guidelines for decision making to facilitate realizing Figure 21: Dedsion makers” vision
adequate funding on the long term basis for

infrastructure.

Most of such large investments are public investments and so decision makers are akwvays government,
municipal agencies or promoter. They are focusing on planning and defining municipal infrastructure
needs from roads, water, wastewater and sewers. Planning methods can promote effective and efficient
spending by focusing on resources, which are most needed for the municipality. Accordingly, municipal
infrastructure decision makers will be target user groups for this research.

Successful strategic planning is the plan integrating capital infrastructure, land use, financial and business
plans all together. Targeting infrastructure goals can help in co-ordinating needs of infrastructure and
resources priorities for municipalities. The existence of comprehensive plans can influence the type and
place of growth that occurs, and can optimize or maximize the use of existing infrastructure, can assist
planning for optimal rehabilitation of new infrastructure to promote effective and efficient spending.
Moreover, they facilitate achieving sustainability in infrastructure services within the municipality by
maintaining a certain level of service provision (Municipalities, 2003). Spatial decision support system
(SDSS) is essential for decision makers in managing infrastructure for long terms especially if the
challenges are meeting the needs of rapid population growth, experience ageing infrastructure or achieving
sustainable infrastructure systems.

4.3. SDSS framework

This section reflects the framework for developing infrastructure resource allocation SDSS. The previous
chapters discussed the nature of infrastructure resource allocation decision making process, laying stress
on equitable resource allocation. This section desctibes a framework for development of SDSS. Thus the
section below tries to translate the developed infrastructure resource allocation process decision criteria to
a framework fora planning tool supporting the decision making process.
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4.31.

Basic elements of Infrastructure resource allocation decision criteria

Previous chapters introduced the adopted strategy and decision criteria for this research, which will draw

the developed SDSS structure. In order to translate the addressed decision criteria to a spatial decision
support system, a framework could assist the involved decision makers to achieve equitable distribution of

the available infrastructure resources. First step is to translate the main decision criteria process into

system components (Figure 22).
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Figure 22: Elements of the dedsion

4.3.2. Introduce SDSS Basic system components

The basic elements of the developed SDSS
structure as can be seen in (Figure 23). The first
element incorporates a user interface, which is the
main link between the decision makers and the
SDSS giving them the access to the system
functionalities, allowing decision makers to feed
the system with the input information and methods
in order to generate the required outputs. Outputs
in the (Figure 23) represent all the system output
including (1) required output for the decision
process, which will be represented to the decision
makers and (2) intermediate output, which is
required within the process to generate the required
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Figure 23: Introduce SDSS Basic system components
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outputs. System modules represent the different functions/methods, which is the combined process to
generate the required output from provided input.

44, BuildingSDSS

Within the SDSS environment, in order to avoid the technical complications we will depend on one of the
existing GIS packages, which will be used as a base for our system. These existing GIS packages consist of

several categories.

Traditionally, one of the most powerful packages that incorporated the capacity of dealing with huge
amounts of data is that of ESRI Arelnfo software. This software is mostly used for building large datasets
and is flexible and therefore is easy to integrate with various other applications, that are often related to
decision-making applications(Keenan, 2000).

SDSS builders that incorporate third parties or the users, need the flexibility to reflect personalized
configurations directed at supporting particular decisions. This necessitates the vendors of GIS to expose
information of the functionaliies of the system by creating and recording a set of Application
Programming Interfaces (APls). Thus the API’s help in allowing the system builder to interact with many
different parts of the system (IKeenan, 2000).

In order to implement the developed SDSS in this research, ESRI Ardnfo package will be further
extended, building a new toolbar that will represent a base to implement the developed SDSS.
Implementing the developed system within the Arcnfo package will save some efforts regarding parts
related to the data base management system (DBMS) and the reporting and visualization core function, as
the implemented system will make use of the available set of Application Programming Interface (APIs)
functionalities within the Arclnfo environment, which will be considered as our system environment. In
other words, the input data will be in ESRI data format, making use of Arclnfo visualization and reporting
for the system output.

44.1. SDSS implemented modules

The different modules in the developed SDSS represents the main elements in the infrastructure resource
allocations, categorized into visualization module, analysis module, evaluate alternative module. As an
initial development for the SDSS, the visualization module is limited to visualise the new added system
result and to represent the infrastructure indicators, considering that the system was implemented within
the Arclnfo environment. In this research, we completely implement the analysis (Generate infrastructure
index) module both at the local and neighbourhood condition index.

Visualize Indicators * Generate Index = Evaluate Alternatives = | . 3 ‘P

Target locations

Visualize Infrastructure indicators  Generate infrastructure Evaluate alternatives: . .
. Local inequity
s+ index: 1. Global Moran's 1
" 1. Loal condition index. 2. Gini-Coeffident Spatial weight matrix

| 2. Neighborhood .
- clghbothoo Analysis tools
|

‘q

Figure 24: SDSS Toolbar

38



SPATIAL DECISION SUPPORT SYSTEM FOR INFRASTRUCTURE RESOURCE ALLOCATION

As (Figure 24) displays the implemented SDSS, the following section will address the design of the
infrastructure index module

441.1. Infrastructure Index score module

Infrastructure Index score is the main indictor for the resource allocation process in this research,
beginning from the four infrastructure sectors (transport, electricity, telecommunication and freshwater).
The first step in the resource allocation process is to combine the indicators of these four sectors in order
to generate the infrastructure score index using the non-spatial preference modelling or spatial preference
modelling approaches. The non-spatial preference modelling reflects the local infrastructure condition for
each location, while spatial preference modelling approaches reflects the neighbourhood infrastructure

.

condition.
Visualize Indicators v || Generate Index || Evaluate Alternatives v | * F
& Local Condition Index
st Neighbouring Condition IndeX = = =t c e c e e e .
1
Figure 25: Generate infrastructure score index tools i
1
, , . , v
The following section will undergo the process of generating the [ Neighbouring Condition Index B
neighbouring condition index to address in greater detail how the || iastcwre Layer {17 .
system links between the different methods and process. Beginning || estucue ndestor
with the required inputs from the decision makers (user) as can be seen || =" - =
. . . . . . Electricity -
in (Figure 20) the user is required to feed the system with the following - W2
. Telecommunication -
nputs:
Fresh Water -
1) Infrastructure layer, the polygon layer representing the spatial units. Stondardistion <=
. — Benefit
The user selects the target layer through the displayed drop-down || Me 3 MPT
list, which shows the layers in the Arclnfo table of content TOC. [ Generste nfrastrucure Indis: 4,
2) Infrastructure indicators, as it can be seen there is four drop-down Figure 26: Neighboring index
lists for the four infrastructure sectors. Each drop-down list displays
the selected infrastructure layer allowing the user to select each
infrastructure sector indictor (field attribute).
3) Standardization method, drop-down list displays the three defined
methods (Maximum — Interval - Goal) and the standardization | Neighbouring Condition Index =
criteria that the user can select through the radio button showing the || infrastructure Layer Casestudy_sem -
two criteria (Benefit - Cost). infrastructure Indicators
Transport -
4) The last item in the neighbouring condition index window is the Blectricity -
generate index button. Telecommunication -
. . . . . Fresh Water -
After feeding the system with the required inputs and generating the
. . . .. ) . Standardization
infrastructure neighbouring condition index, the following processes || s Gos - .-::em
. . . . . . --.--------- —‘
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standardizing each infrastructure indicator (four-infrastructure type) according to the selected method and
criteria. In case of using the goal method the window will automatically increase in height (Figure 27)
allowing the user to determine the target goal value(s). Then combining the four generated infrastructure
sector indexes to produce the infrastructure index score. Finally, a new classified layer is added to ArcGIS
and the infrastructure index score and four generated index for each infrastructure sector is also being
added to the infrastructure layer (feature class) as new fields.

45. DevelopedSDSSin practice

Local government/municipal functions in a complex set-up are constantly undergoing changes, which
require them to think ahead of traditional approaches. The developed spatial decision support system
suggests practical approaches for including GIS technology to assist the decision makers in local
governments/municipals to deliver Infrastructure services in a way that achieves fair distribution of
infrastructure resources.

45.1. SDSS Recommended Workflow

Decision makers can adjust the recommended workflow to their own practice according to the nature of
their case scenario as long they are aware of the system goal and output generation methods and
processes.

Focus has been laid on the workflow of the decision criteria processes in order to draw systematic steps
about the infrastructure resource allocation problem-solving process. Based on combining the adopted
criteria process (Chapter 3) and the GIS problem-solving workflow, this research recommends the below

mentioned workflow:

45.1.1. Defined infrastructure problem

SDSS supports the previous mentioned analysis (criteria: methods/functions) which is concerned about
supporting decisions to achieve fair distribution of infrastructure resources, which should be considered
when identifying the following first two steps in recommended workflow:

1) Define the infrastructure problem(s)/scenatio(s)
2) Identify, collect the required data

After reviewing the applicability of analysing the problem, using the addressed system and the availability
of the required input data we move to the next step to operate the system.

4.51.2. Generate infrastructure score

In this step, the system generates the infrastructure score based on the four different indicators, the
decision makers’ selects to represent the overall infrastructure service in order to support the decision
makers to identify the existing situation.

1) Existing Infrastructure score
This is the main system output. The system provides two models to generate the infrastructure
score, based on the identity of the problem, using the applicable model to the problem decision

level.

4.5.1.3. Resource allocation alternatives

This step requires decision makers to go through the following steps for each alternative; however, it also
depends on the infrastructure situation problem/scenatio and their vision for the decision. With the
provided system output analysis like the infrastructure score and/or the analysis for the existing conditions
for the infrastructure indicators decision makers can identify the following:
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1) Identify the priority target for resource allocation.
2)  Determine the amount of resources to allocate in each location.
3) Distribute the amount of additional resources over the different sectors of infrastructure.

As the decision is based on infrastructure service level including the four different infrastructure sectors,
the system is able to understand the added resources in two possible ways.

The first way is to translate the added resources to existing score by increasing the calculated infrastructure
score. The second way is through increasing the used indicators to generate the index with the same unit.
For example, in calculating the infrastructure scote; transport indicator was the travel speed (km/h); in
this case, the resources can be translated by increasing the travel speed for location j from X (k/h) to Y
(kn/ ). Then calculate a new infrastructure index representing the index after adding the resources in the
identified priority targeting locations for this alternative(s).

The second way provides more accurate results, however it’s more applicable when all the different parties
are represented in the decision making process, which this research considers as the normal case regarding
defining the system potential users (local government/municipal).

45.1.4. Evaluate alternatives

This is the last step, after generating the possible alternatives the decision makers agreed about. It
represents the final step in order to choose the most viable alternative according to the system strategy. As
the addressed goal for the designed criteria is to achieve fair distribution of infrastructure investment
resources, the adopted evaluating measure used is The Spatial Autocorrelation - Global Moran's I method.

1) Generating the Spatial Autocorrelation - Global Moran's 1 index for the different alternatives.
2)  Selecting the alternative with the highest clustered score Global Moran's I index

Thus this method was adopted in order to reflect the pattern of infrastructure service level among all the
locations. The pattern of infrastructure service level is considered as an indicator to determine the level of
equitable distribution of infrastructure service. The more the expressed pattern is clustered it represents
more equitable distribution for the infrastructural resource.

4.6. Conclusion

This chapter identified the infrastructure resource allocation SDSS framework, beginning from defining
the SDSS development framework and then introducing the decision makers (potential users). Thereafter,
introducing the implemented SDSS, and then explaining the spatial preference modelling approach
(neighbourhood infrastructure condition) and the required inputs and the generated output. Thus,
explaining the role of the developed SDSS in practice and the recommended workflow for applying the
developed criteria using the development system.
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5. ANALYSISAND RESULTS

This chapter demonstrates how local/municipal governments can successfully apply the developed spatial
decision support system to make efficient and effective decisions in coordinating and managing resources,
to plan for the future. This chapter will thus try to simulate a real-wotld situation in order to operate the
government/municipality using actual spatial data in order to evaluate the system and investigate how the
developed system can support the decision makers targeting the deprived areas to achieve equitable
infrastructure service distribution.

5.1. Infrastructure resource allocation decisions

The need for a successful plan is always there as cities are expanding in size, in density, richer or poorer;
they even change their main characteristics, so infrastructure planning is a key concern behind the
successful planning. Infrastructure development is acknowledged as an important economic growth factor
with a high economic, social and environmental return. However, infrastructure investments are declining
wotldwide. Currently, the infrastructure development has to provide more individuals, activities with the
less amount of public funding.

The infrastructure resource allocation decision needs a well coordinated response among different parties.
There are many possible solutions and alternatives to allocate the additional resources, considering the
social aspect of fair distribution. The developed SDSS aims to support the decision makers to improve the
allocation process.

5.1.1. Scenario

The local authority (municipality) of a hypothetical region in Southeast Asia; requested to identify the
infrastructure investment plan considering the government goals of targeting the poor and increasing the
equitable infrastructure service level among the region. According to the government infrastructure service
index, the poverty line is identified as 0.4. Representatives of different departments of the local authority
jointly coordinate to reach a viable plan to determine the additional resources needed for each location in
the regionin order to reach the target and improve the region infrastructure services level.

Representatives of various departments defined their goal to allocate the resources in the deprived areas
considering the government assigned infrastructure index for each location, based on the neighbouring
condition, considering the location access to the infrastructure service level as the neighbouring locations.

5.1.2. Problem

The local authority (municipality) involved representatives of these departments, trying to maximize the
return of their resource for infrastructure investment. They need to locate the priority targeting locations
(The deprived areas) to distribute the new resources among those locations, which improves the
infrastructure service level in the region, thereafter determining the amount of additional resources that
should be added in each location and deciding how it will be distributed over the region.

In order to identify the problem in greater detail, representatives of these departments have access to the
available spatial and non-spatial data about the existing situation in different infrastructure sectors. In
addition, these representatives started to identify the needed information to support their decisions as can
be seen in the next section.
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5.1.3.  Current situation and required data

All involved decision makers must encompass a very clear and distinct understanding of the situation. So
they briefly introduce the current situation and the available information to all involved parties through
maps showing the whole region area in a village level, with descriptive information about existing situation
of infrastructure and demographic data e.g. number of households as following. The involved decision
makers will discuss the current situation and determine the information required in their decision process.

The available database is for a hypothetical region in
Southeast Asia. It is a village-level database, composed
of 438 wurban and rural villages. The total number of
people within the region is approximately 3.5 wmillion.
The spatial unit of analysis for this study is the village,
considering village as the level representing the system.
It consists of a variety of attributes connected to data
showing the information at the village level regarding
different infrastructure sectors, demographics e.g. the
number of population and houscholds, and socio-

economic activities for each village.

This dataset is accessible by the decision makers and Figure 28: The Study area

will try to identify, the relevant variables needed for
building the resource allocation decision.

5.1.4. Selected infrastructure indicators

After decision makers reviewed the available information about the region, and filtered the available
information to select the relevant infrastructure variables, they defined the following:

1) The geographic area and the decision spatial level, which is the village level
2) Information required would help to make the infrastructure resource allocation decision.

Relevant infrastructure variables were selected and addressed with description as can be seen in Table 2

below.

Variables Unit of measurement for the model Data Description

Transport | Average travel speed (km/h). Average travel speed to fadlities

Weighted average of electridty supply for poor

Electricity | Average eleatridty supply per household (VA) and non-poor

Weighted average of data transfer capadty of

Telecom Average data transfer capadty (kbps) fixed line and mobile networks

Water Average discharge (litre/day) Water discharge capadty based on each type of
source

Population | Number of Population/village Total village population

Household | Number of Households/village Total village households

Table 2: Infrastructure performance attributes

The following maps represent the selected indicators based on each village condition (not the
neighbouring condition) that the decision makers agreed to use during the process to generate the
infrastructure score.
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The above given figures give the involved decision makers, a clear vision of the study area, assisting their
process to identify the infrastructure situation, and the involved parameters to build their decision.
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5.2.  SDSS Operationalization

This section will simulate the described real-wortld situation using the developed SDSS in allocating
infrastructure resource to support their decision making process to allocate infrastructure resource.

For this case situation, the decision makers want to generate a target situation based on an assigned index
poverty line that means they will not exactly follow the recommended workflow 4.5.1) for the developed
system in chapter four which addressed the following steps:

1) Generate existing infrastructure indicator. 3) Generate alternative

2) Identify the priority target locations. 4) Evaluate generated alternative.
The addressed case in will follow the second approach (Section 3.3.4) for generating the alternative for
this case, which will be based on the existing infrastructure index. First decision makers need to reach a
target situation based on the infrastructure index representing one alternative for the target situation, and
in the evaluation step, the target situation will be compared with the existing situation. The case will still
clarify the use of the developed criteria as whatever number of alternatives would be a repetition of the

applied steps.

The addressed case will generate only one alternative based on the assigned infrastructure index poverty
line and the evaluation process will be a comparison between the target and the existing situation of the
infrastructure index.

The involved decision makers started to put the needed assumptions and methods for the process,
according to the criteria there are different approaches they can go through in order to build their
decision. We can address the main points of their discussion in the context of devised criteria and
conceptual framework in the following questions:

Q1 Which appropriate Model to represent the infrastructure score?

Based on the case scenario, the infrastructure setvice accessibility considered as the location access to the
level of infrastructure service in neighbourhood locations, which identify using the spatial preference
modelling approach (neighbouring condition index).

02 What appropriate method to represent the infrastructure score?
In order to indicate the differences among the locations they choose using the Interval standardization
method with the benefit criteria as oneis the highest score.

QO3 What base would define the priority targeting locations?

In order to identify the priority target locations considering the service index poverty line, decision makers
will determine the villages with the calculated infrastructure score less than 0.4 (the poverty line) as the
priority target locations.

5.21. Generate infrastructure index score Neighbouring Condition Index =

Decision makers now beginning to generate infrastructure index ||| o 1 onos coogug, .

based on the selected four indicators, and the index will S

represent the existing infrastructure service neighbouring Transport ROAD -

condition. Electricity ELECT -

Using the implemented spatial preference modelling approach [ eioomhenatian TELEC =
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they identified the system inputs as following, using average
travel speed (km/h) as the transport indicator, average supply Standardization

C Benefi
per household (VA) as the electricity indicator, average data Method  Interval S
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transfer capacity (kbps) as telecom indicator, and average
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Figure 35: Neighboring Condition index tool
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Figure 36: Existing infrastructure index - neighboring condition

) Calculated index @ Classified Map @ Infrastructure sectors score index

Note the attribute table for the output, four other fields (3) they represent each infrastructure sector score
index and will use them in a later step.

5.2.2. ldentifythe priority targeting locations

The following map (Figure 37) showing the locations scored less than the identified poverty line value 0.4
(based on the calculated existing infrastructure neighbouring condition index) for the region, in order to
identify the locations that required adding additional resources to meet the case infrastructure goal.
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Figure 37: Priority targeting locations
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5.23. Generate alternatives “The target situation”

Based on the identified poverty line for the infrastructure neighbouring condition index, this step illustrate
alternative of the decision makers target situation, which is to improve the infrastructure scote index in the
locations (villages) scoring less than 0.4 to 0.4. The following map (Figure 38) shows the new
infrastructure index.
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Figure 38: New infrastructure index
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The above map shows the new infrastructure index classes after assigning the new index. As it can be seen
the lowest class (RED) is no longer there in the map. The new map represents the improvement in the
infrastructure index based on the priority target location condition (Figure 39).

Figure 39: The new infrastructure index clalation

5.24. Evaluation

In this section, the decision makers will try to evaluate the alternative with the existing infrastructure
situation. Based on tresource allocation criteria addressed in this research, there are two evaluation
methods. First The Spatial Autocorrelation Global Moran's I method to evaluate the equity from the
spatial context and Guni-Cogfficient of Inequality and Lorenz Curve for social context (Section 3.3.5).
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5.2.41. Spatial Autocorrelation Global Moran's |

Moran’s Index for the existing situation is -0.147 and
generated Moran’s Index score of -0.147 and -0.131
Index did not give a significant result on which we can
equitable infrastructure service level.

Moran's Index; -0.147547
z-score: -5.077253 ==
p-value: 0.000000

Significance Level Critical Value
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Figure 40: Existing - Global Moran's I scote

5.24.2. Gini-Coefficient of Inequality and LorenzCurve

for the new index situation is -0.131. Given both
for the existing and target situations, the Moran’s
depend upon to evaluate which situation will more

Moran's Index: -0.131676
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Figure 41: Alternative - Global Moran's I score

The following graphs showing Lorenz curve for both the existing situation (Figure 42) and the target
situation (Figure 43) and it can be be seen that the target situation is closer to the perfect equality line.
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Figure 43: Existing situation Lorenz Curve

Figure 42: Target situation Lorenz Curve

Gini-Coefficient for the existing situation is 24.76 and for the new index situation is 17.30. From both
generated Gini-Coefficient. Decision makers can address that it will increase the region’s infrastructure
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level within the addressed policy to target the
deprived area and achieve more equity distribution
of the infrastructure service level.

As it can be seen in (Figure 44) the infrastructure
service level increased for the first 30% of the
number of villages after achieving the policy goal in
the addressed case. In addition, from the tables in
(Figure 43, Figure 42) the cumulative percentages of
infrastructure service level distributed in more
equitable way among the number of villages.

5.2.5. Selected alternative required additional resources
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Figure 44: Evaluate existing and target situation

Lorenz Cutve

This section represents two main steps, firstly to determine the amount of resources that will be allocated

in each location and secondly to distribute the assigned percentage over the four sectors of infrastructure.

5.2.5.1. Additional resources percentages

In this step, they will identify the percentage of
resources they should allocate in each location
(village) from the targeting locations in order to
increase the score index to the poverty line value.

145000
s1aso

Identify the difference between the current
infrastructure score index and the new assigned *
index for the target allocation and by using the

weighted priority method for this score we can
generate the additional resources required to
reach this goal as shown in the above map

(Figure 45).

71 I 0.01% - 0.23%
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| 0.24% - 0.41%

B 0.92% - 1.2%

A

N

5.2.5.2. Additional resources per sector

In This step, we will distribute the assigned

B 1.21% - 2.15%,

additional amount of resources on each location
(village) over the four different sectors of
infrastructures based on the generated sector
scores generated earlier with the existing A
infrastructure score index (section 5.2.1). As we
can see in (Figure 30) the attribute table has been
updated with four extra attributes along with the
existing index. Based on the performance of each
sector, additional resources will be distributed
over all the sectors out of the total assigned
percentage for each location as can be seen in

(Figure 406).
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Figure 46: Additional resources per sector
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5.3. Conclusion

This chapter illustrated applying the developed criteria and the implemented part of the spatial decision
support system through simulating a real-world situation using actual spatial data in order to evaluate the
system and investigate how the developed system can support the decision makers targeting the deprived
areas to achieve equitable infrastructure service distribution.

Addressing the resource allocation decision scenatio, problem, and exploring the available information to
select the required information for the developed criteria to achieve equitable infrastructure service
distribution. Then, following the criteria and the implemented part of the system (infrastructure index
models) in order to achieve the addressed case scenario goal which is considered to (the infrastructure
neighbouring condition index, poverty line = 0.4) improve the index for the villages with less than 0.4 to
0.4. Then, evaluating both the target and the existing situation using the two selected evaluators: (1) The
Spatial Autocorrelation Global Moran's 1 (2) Gini-Coefficient. From the result of the the Moran’s Index it did
not provide significant results, which we can depend upon to evaluate which situation will achieve more
equitable infrastructure service level. While Gini-Coefficient and Lorenz Curve displayed a difference between
the two alternatives and provided significant results; in the Gini-Coefficient value and in the service level
distribution amongst the villages showed in Loreng Curve.

Thereafter, we start to determine the percentage of resources that should be added in each village in order
to improve its existing index to the target index, and also using the infrastructure sectors (transport, water,
electricity, telecommunication), neighbouring condition index, we distribute the allocated resources for
cach village among the four sectors.
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6. CONCLUSION

This chapter concludes the aim of study to define criteria for infrastructure resource allocation to design
a framework for spatial decision support system (SDSS), and this will be addressed by research
achievements understood in terms of addressing research objectives and questions and limitations and
further required research.

6.1. Reserch achievements

6.1.1. Review and analyze policies and methods

In order to achieve the first goal, the research discussed the Infrastructure resource allocation problem
addressing various strategies to tackle the declining infrastructure investments worldwide taking into
account the new emerged needs, population growth, expanding cities, social concerns as the need for
more equitable infrastructure, and finally maintenance of existing infrastructure. Started by reviewing the
various strategies that concern infrastructure resource allocation’s decisions with different infrastructure
goals to promote municipalities in assigning expenditures priorities on infrastructure needs.

This research addressed three current major policies (Pro-poor policy, Market Based, Environmental)
effecting the process of municipalities, and the different methods (Economic Opportunities, Equity
Based). Then analysing those policies and methods in order to select the adopted strategy for this research
through reflecting the current investment strategies answering what is the current priority concern for
policymakers? Based on priority concern for policymakers, which is achieving fair distribution of
infrastructure investment resources, this research adopted the equity-based concept in the context of pro-
poor redistributive policy, which reflects achieving our goal that is fair distribution of infrastructure
investment resources.

6.1.2. Methods and factors guiding the process

Based on the adopted strategy, we started to identify the methods and factors that will guide the resource
allocation process and achieving our infrastructure goal. Starting from introducing the equitable
infrastructure investment and the equity and performance measurement, we addressed two approaches
tirst, Capability approach which is the base measure to assess the social equity and the second approach,
Spatial Autocorrelation as the base measure to assess the spatial equity and the main evaluator for the
different alternatives suggested by the decision makers.

6.1.3.  Identify the process of infrastructure resource allocation

Based on the selected methods and factors, link the identified methods and their required factors to
illustrate the process workflow showing the decision tree of the steps that perform the adopted criteria by
the decision makers. Then translate designed criteria (decision tree) into a conceptual framework for a
spatial decision support system. In order to automate designed criteria decision-making process, we
described the spatial decision support systems and their elements and components, which will define the
decision support system.

6.1.4.  Apply the developed criteria in a decision-making support system.

This was undertaken by identifying the spatial decision support system elements, then translating the
designed criteria into a framework for a spatial decision support system, started from those two main
clements the designed criteria and the spatial decision support systems characteristics. We started to
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address the wotkflow of the criteria in a form of process workflow recognizing the used methods as
modules and the required factors as system input/output.

6.1.5. Implement the decision support system to a real case study.

For the implementation part, depending on the fact that the system will be developed within the ArcGIS
environment, the focus of the implementation phase was mainly to the two identified models to generate
the infrastructure score index, the Non-Spatial preference modelling which generates the unit (local)
infrastructure index and Spatial preference modelling which generates the neighbourhood infrastructure
index.

Then the criteria and the implemented part illustrated through simulating a real-world situation in order to
operate the government/municipality using actual spatial data in order to evaluate the system and
investigate how the developed system can support the decision makers. However, for the selected spatial
autocorrelation method Global Moran's I it did not provide significant results, which we can depend on to
evaluate which situation will achieve more equitable infrastructure service level. While Gini-Coefficient the
second evaluator showed a reliable result.

6.2. Research limitations

For the allocation alternatives evaluation process, the research adopted two evaluators. The spatial
autocorrelation method Global Moran's 1 and Gini-Coefficient. Global Moran's I did not produce a
significant result while operationalizing the addressed case in the research.

6.3. Furtherresearch

The research put forth an initial step in development of a framework to assist decision makers achieve an
equitable distribution of infrastructure service level, depending on on-going studies providing new
methods to address the equitable distribution of infrastructure service including the spatial factor, so
turther research is required.

For the developed critetia translating the infrastructure index to percentages of resources and same used
indicators units; it could be improved by adding an assessment module which can convert the required
and added resources in a form of real investment unit (money) which will facilitate the decision process.
Also, it can improve the methods used to evaluate the different alternatives, as the selected spatial
evaluator did not produce a significant result on the case addressed in this research.

For the implementation phase, this research focuses on the infrastructure score index generation (Spatial —
Non-spatial models) which represent an initial step implementing the main element in the process. Still
further implementation is required allowing the different decision makers to use the system.
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APPENDIX A: Spatial Preference Modelling Variables

CaseSudy Fxisting Infrastructure Indicators Spatial weights matrix Spatial Lag

= H O * HoO o
£ 2 9 8 B o zl:s¢ 2 g g E

T 3 K 3 > - o E 8 Nfeats OIDs o E E :

Q x ~

k H R B Z 5 = B

1 21.00 854.90 76.60 8550 2405 7194]0.13 8 21,17,11,7,5,4,3,2 21.08 734.66 12.18 96.90
2 2570 67630 2.20 67.60 2076 760710.25 4 13,7,6,1 25.43 729.28 23.20 98.72
3 18.00 48540 1.60 72.80 803 3391]0.25 4 22,10,4,1 26.63 770.10 22.18 95.50
4 30.00 746.10 4.30 74.60 888 271310.25 4 10,5,3,1 23.63 689.78 21.90 83.98
5 30.00 703.90 390 7040 1145 4011]0.25 4 17,10,4,1 24.80 797.05 32.17 99.53
6 33.00 674.70 2.70 101.20 2405 8764]0.25 4 13,9,8,2 26.23 691.40 3.45 140.20
7 1270 696.50 7.30 104.50 2311 881910.20 5 31,13,11,2,1 22.30 772.96 20.66 100.64
8 20.50 679.40 3.00 101.90 1726 579010.25 4 20,12,9,6 31.65 684.55 4.25 147.63
9 2370 71890 2.40 287.60 2151 874310.20 5 25,20,13,8,6 26.96 654.48 4.30 98.18
10 2550 71490 550 107.20 2845 9658014 7 36,29,22,17,5,4,3 26.90 711.40 20.03 96.36
11 19.30 900.00 10.70 135.00 1037 5038 (0.20 5 40,31,21,7,1 14.38 770.32 28.16 107.00
12 42,40 710.70 7.00 106.60 1749 6120]0.25 4 24,23,20,8 21.75 624.08 3.55 129.95
13 35.00 691.00 6.20 103.70 2155 8991]0.14 7 37,31,25,9,7,6,2 20.34 688.86 4.89 119.04
14 18.80 526.80 0.40 52.70 1441 5102]10.25 4 39,27,19,16 38.30 556.38 4.23 55.65
15 18.80 568.80 28.50 56.90 1368 5111]0.50 2 33,18 20.20 719.40 1.80 71.95
16 34.50 553.80 2.50 5540 2279 918910.33 3 27,26,14 31.20 529.50 2.47 61.27
17 22.70 872.30 42.30 130.80 1558 602310.20 5 29,21,10,5,1 23.20 754.30 38.64 97.56
18 21.70 652.10 1.80 65.20 1088 401910.33 3 33,19,15 30.33 665.47 12.83 66.57
19 53.50 640.90 8.20 64.10 1333 5426]0.25 4 39,33,18,14 20.10 608.57 1.73 60.87
20 27.50 63390 4.90 95.10 2387 88421017 6 32,25,24,12,9,8 24.52 651.47 3.80 127.67
21 10.20 796.80 25.10 119.50 1286 536310.20 5 40,29,17,11,1 21.96 817.80 47.18 114.12
22 30.00 76450 2.30 114.70 2209 767010.20 5 38,36,30,10,3 22.48 666.12 3.18 99.92
23 20.00 581.50 4.50 232.60 1409 542710.33 3 28,24,12 29.13 623.07 3.27 93.47
24 19.00 601.50 1.80 90.20 1407 5046]10.17 6 35,32,28,23,20,12 26.68 620.03 3.88 117.23
25 18.80 593.40 4.70 89.00 2097 827510.14 7 46,37,34,32,20,13,9 21.69 669.99 16.97 116.01
26 30.80 499.60 3.70 74.90 2060 7858]0.17 6 58,56,51,42,27,16 28.65 590.37 3.60 79.25
27 4400 562.10 330 56.20 1369 6034]0.17 6 58,45,39,26,16,14 27.90 513.60 3.22 64.13
28 26.00 557.00 1.00 83.60 1307 4024]10.25 4 42,35,24,23 20.88 610.75 2.98 127.95
29 29.30 701.00 82.10 105.20 2016 69441017 6 41,40,36,21,17,10 19.73 778.32 18.78 116.73
30 26.30 694.60 2.90 104.20 1752 734510.25 4 57,49,38,22 26.25 711.72 3.15 106.78
31 10.50 742.60 7.60 111.40 1987 699210.14 7 61,50,40,37,13,11,7 20.07 757.96 21.20 103.26
32 2270 60490 3.90 9070 3990 13436|0.13 8 48,47,44,35,34,25,24,20 |26.75 599.18 9.81 85.79
33 18.70 786.70 1.80 78.70 1054 392010.14 7 53,45,43,39,19,18,15 30.11 555.34 7.17 59.33
34 15.60 617.60 51.00 92.60 3395 14528]0.25 4 48,46,32,25 18.10 638.98 14.60 78.88
35 21.50 632.20 2.00 94.80 1305 4866(0.20 5 44,42,32,28,24 26.54 598.98 3.10 89.86
36 28.30 706.60 3.70 106.00 2034 725210.14 7 57,52,41,38,29,22,10 29.33 729.24 18.89 109.40
37 18.00 719.60 7.30 72.00 2793 9595]0.20 5 61,46,31,25,13 20.32 694.96 17.76 89.78
38 14.30 729.10 220 109.40 1743 675510.20 5 57,49,36,30,22 29.06 703.80 3.40 105.58
39 21.20 468.70 290 4690 1089 4207]0.17 6 53,45,33,27,19,14 34.48 592.62 3.00 63.68
438 31.00 479.30 1.40 12.00 1339 4408]0.17 6 436,435,434,433,430,429 | 34.70 460.43 5.88 11.52
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CaseStudy Fxisting Infrastructure Indicators
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21.00
25.70
18.00
30.00
30.00
33.00
12.70
20.50
23.70
25.50
19.30
42.40
35.00
18.80
18.80
34.50
22.70
21.70
53.50
27.50
10.20
30.00
20.00
19.00
18.80
30.80
44.00
26.00
29.30
26.30
10.50
22.70
18.70
15.60
21.50

31.00

854.90 76.60
676.30 2.20
48540 1.60
746.10 4.30
703.90 3.90
674.70 2.70
696.50 7.30
679.40 3.00
718.90 2.40
714.90 5.50
900.00 10.70
710.70 7.00
691.00 6.20
526.80 0.40
568.80 28.50
553.80 2.50
872.30 42.30
652.10 1.80
640.90 8.20
633.90 4.90
796.80 25.10
764.50 2.30
581.50 4.50
601.50 1.80
593.40 4.70
499.60 3.70
562.10 3.30
557.00 1.00
701.00 82.10
694.60 2.90
742.60 7.60
604.90 3.90
786.70 1.80
617.60 51.00
632.20 2.00

479.30 1.40

85.50
67.60
72.80
74.60
70.40
101.20
104.50
101.90
287.60
107.20
135.00
106.60
103.70
52.70
56.90
55.40
130.80
65.20
64.10
95.10
119.50
114.70
232.60
90.20
89.00
74.90
56.20
83.60
105.20
104.20
111.40
90.70
78.70
92.60
94.80

12.00

2405
2076
803
888
1145
2405
2311
1726
2151
2845
1037
1749
2155
1441
1368
2279
1558
1088
1333
2387
1286
2209
1409
1407
2097
2060
1369
1307
2016
1752
1987
3990
1054
3395

1305

1339

7194
7607
3391
2713
4011
8764
8819
5790
8743
9658
5038
6120
8991
5102
5111
9189
6023
4019
5426
8842
5363
7670
5427
5046
8275
7858
6034
4024
6944
7345
6992
13436
3920
14528
4866

4408

-0.717
-0.327
-0.965
0.029
0.029
0.278
-1.405
-0.758
-0.493
-0.344
-0.858
1.057
0.444
-0.899
-0.899
0.402
-0.576
-0.659
1.977
-0.178
-1.612
0.029

1.620
0.198
-1.322
0.754
0.418
0.185
0.359
0.223
0.537
0.505
1.980
0.472
0.315
-0.993
-0.658
-0.778
1.759
0.005
-0.084
-0.140
1.158
0.900

2.852
-0.521
-0.548
-0.426
-0.444
-0.498
-0.290
-0.485
-0.512
-0.372
-0.136
-0.304
-0.340
-0.603

0.671
-0.508

1.297
-0.539
-0.249
-0.399

0.517
-0.517

-0.800 -0.557 -0.417

-0.883
-0.899
0.096
1.190

-0.398
-0.462
-1.209
-0.711

-0.539
-0.408
-0.453
-0.471

-0.302 -0.752 -0.576

-0.029
-0.277
-1.587
-0.576
-0.907
-1.164
-0.675

0.112

0.395
0.344
0.726
-0.371
1.077
-0.269
-0.153

-1.371

3.101
-0.489
-0.276
-0.444
-0.539

1.691
-0.530

-0.557

-0.127
-0.552
-0.429
-0.386
-0.485
0.245
0.324
0.262
4.668
0.388
1.047
0.373
0.305
-0.905
-0.806
-0.841
0.948
-0.609
-0.635
0.101
0.680
0.566
3.363
-0.016
-0.044
-0.379
-0.822
-0.172
0.340
0.316
0.487
-0.004
-0.289
0.041
0.093

-1.871

-0.711 0.663
-0.350 0.620
-0.250 0.945
-0.499 0.305
-0.402 1.160
-0.284 0.318
-0.609 0.968
0.166 0.264
-0.223 0.024
-0.228 0.478
-1.265 0.947
-0.655 -0.218
-0.771 0.298
0.717 -0.757
-0.783 0.541
0.129 -0.971
-0.534 0.819
0.057 0.112
-0.791 -0.341
-0.425 0.000
-0.637 1.325
-0.594 0.117
-0.043 -0.226
-0.246 -0.250
-0.660 0.148
-0.083 -0.486
-0.145 -1.098
-0.727 -0.324
-0.822 1.011
-0.282 0.480
-0.794 0.848
-0.240 -0.416
0.039 -0.765
-0.957 -0.099
-0.258 -0.418

0.419 -1.521

-0.069 0.143
0.431 0.187
0.384 0.110
0.372 -0.163
0.838 0.206
-0.464 1.171
0.316 0.232
-0.428 1.347
-0.426 0.174
0.287 0.130
0.656 0.383
-0.460 0.927
-0.399 0.669
-0.429 -0.835
-0.539 -0.449
-0.509 -0.702
1.131 0.159
-0.039 -0.576
-0.543 -0.711
-0.449 0.873
1.518 0.552
-0.477 0.215
-0.473 0.062
-0.445 0.626
0.149 0.597
-0.458 -0.276
-0.475 -0.634
-0.486 0.880
0.231 0.614
-0.478 0.378
0.340 0.294
-0.176 -0.120
-0.296 -0.748
0.041 -0.284
-0.480 -0.024

-0.354 -1.883
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CaseStudy Bxisting Infrastructure Indicators

The gap between location ; and its neighbouring units

Local Inequity (g;)

Min (g;) of neighbouring units

Max (g;) of neighbouring units
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1 21.00 85490 76.60 8550 2405 7194 ] 0.006 -0.958 -2.920 0.270]-0.528 -1.033 -0.166 -0.789]0.975 2.267 1.282 0.739
2 2570 67630 220 67.60 2076 7607 [-0.023 0422 0952 0.739|-1.215 -0.958 -2.920 -0.092}0.796 0.609 0.606 0.925
3 1800 48540 1.60 72.80 803 3391|0715 2267 0933 0.539(-0.623 -0.958 -2.920 -0.351}0.116 -0.028 0.798 0.270
4 3000 746.10 430 7460 888 2713 [-0.528 -0.449 0798 0.222]-0.431 -0.958 -2.920 -0.257[0.715 2267 1.282 0.691
5 3000 703.90 3.90 7040 1145 4011 [-0.431 0742 1.282 0.691]-0.528 -0.958 -2.920 -0.789[0.116 -0.028 0.798 0.270
6 33.00 67470 270 101.20 2405 8764 [-0562 0.133 0.034 0.925|-1.215 -0.513 -0.060 -4.494]0.924 0.422 0.952 1.085
7 1270 69650 7.30 10450 2311 8819 0.796 0.609 0.606 -0.092|-1.215 -1.033 -2.920 -0.664]0.793 0.422 0.952 0.739
8 2050 679.40 3.00 101.90 1726 5790 | 0.924 0041 0.057 1.085|-1.712 -0.690 -0.156 -4.494/0.270 0.140 0.086 0.925
9 2370 71890 240 287.60 2151 743 [ 0270 -0.513 0.086 -4.494|-1.215 -0.017 -0.060 0.364[0.924 0.610 0.556 1.085
10 25.50 714.90 550 107.20 2845 9658 | 0.116 -0.028 0.659 -0.257|-0.793 -0.940 -2.870 -0.789]0.715 2.267 1.282 0.691
11 19.30 900.00 10.70 135.00 1037 5038 [-0.408 -1.033 0.791 -0.664|-0.225 -0.958 -2.920 -0.193/0.975 0.609 1.001 0.270
12 42.40 71070 7.00 106.60 1749 6120 [-1.712 -0.690 -0.156 0.554|-0.247 0.041 -0.056 -3.301|0.924 0331 0.094 1.085
13 35.00 691.00 620 103.70 2155 8991 [-1.215 -0.017 -0.060 0.364]-0.562 -0.513 0.034 -4.494}0.796 0.610 0.952 0.925
14 18.80 526.80 040 5270 1441 5102|1.616 0236 0173 0.070|-2.769 -0.386 -0.294 -0.077[1.101 0.987 0.005 0.398
15 18.80 568.80 28.50 56.90 1368 5111]0.116 1.199 -1210 0.357] 0.716 -1.843 0.243 -0.460]0.946 0.106 0.500 0.032
16 34.50 553.80 2.50 5540 2279 9189 [-0.274 -0.194 -0.002 0.139|-1.335 -0.386 -0.005 0.070|1.616 0.723 0.173 0.188
17 2270 872.30 42.30 130.80 1558 6023 ] 0.041 -0.940 -0.166 -0.789]-0.793 -0.958 -2.920 -0.257|0.975 0.742 1.282 0.691
18 21.70 652.10 1.80 65.20 1088 4019|0716 0106 0.500 0.032|-2.769 -1.843 -1.210 -0.460{0.946 1.199 0.243 0.357
19 53.50 640.90 820 6410 1333 5426 |-2.769 -0.257 -0.294 -0.077] 0.716 -1.843 0.005 -0.460|1.616 0.987 0.500 0.398
20 2750 63390 490 95.10 2387 8842 |-0.247 0.40 -0.050 0.773]-1.712 -0.690 -0.156 -4.494]0.924 0.610 0.556 1.085
21 10.20 796.80 25.10 119.50 1286 5363 | 0.975 0.167 1.001 -0.128]-0.793 -1.033 -2.920 -0.789]0.041 0.616 0.791 0.274
22 30.00 76450 230 114.70 2209 7670 |-0.623 -0.784 0.040 -0.351]-0.004 -0.201 0.011 -0.257|1.223 2.267 0.933 0.539
23 20.00 58150 4.50 232.60 1409 5427 0.757 0331 -0.056 -3.301|-1.712 -0.690 -0.156 0.554[0.637 0.428 0.094 1.052
24 19.00 60150 1.80 9020 1407 5046 | 0.637 0.148 0.094 0.641[-1.712 -0.690 -0.156 -3.301]0.757 0.428 0.268 1.052
25 18.80 59340 4.70 89.00 2097 8275|0239 0.610 0556 0.641]-1.215 -0.513 -1.650 -4.494]0.948 0.170 0.474 0.773
26 30.80 499.60 3.70 74.90 2060 7858 |-0.178 0.723 -0.005 0.103]-1.335 -0.461 -0.098 -0.206|0.851 0.912 0.108 0.306
27 44.00 56210 330 5620 1369 6034 |-1.335 -0.386 -0.004 0.188]-0.890 -0.194 -0.098 -0.301|1.616 0.987 0.173 0.398
28 26.00 557.00 1.00 83.60 1307 4024 |-0.425 0428 0090 1.052] 0.418 -0.265 -0.056 -3.301]0.851 0.331 0.094 0.641
29 29.30 701.00 82.10 105.20 2016 (944 |-0.793 0.616 -2.870 0.274]-0.225 -0.940 -0.166 -0.789]1.195 0280 1.441 0.126
30 2630 694.60 2.90 104.20 1752 7345]-0.004 0.136 0.011 0.061]-0.623 -0.784 0.040 -0.351]1.223 0.694 0.393 0.311
31 1050 742.60 7.60 111.40 1987 6992 0.793 0.122 0.617 -0.193]-1.215 -1.033 -1.448 -0.664]0.796 0.609 0.791 0.422
32 2270 60490 3.90 90.70 3990 13436 0.336 -0.046 0268 -0.117]-1.281 -0.320 -1.650 -0.326|0.637 1.335 0.556 0.773
33 1870 786.70 1.80 7870 1054 3920 | 0.946 -1.843 0.243 -0.460|-2.769 -0.257 -1.210 -0.301|1.101 1.199 0.500 0.398
34 15.60 617.60 51.00 92.60 3395 14528] 0.207 0.170 -1.650 -0.326] 0.149 -0.320 -1.173 -0.117]0.948 0.610 0.556 0.641
35 2150 63220 2.00 94.80 1305 4866 | 0.418 -0.265 0.050 -0.117|-0.425 -0.164 -0.091 -0.117[0.851 0.428 0.268 1.052
36 2830 706.60 3.70 106.00 2034 7252 0.085 0.180 0.688 0.081]-3217 -0.784 -2.870 -0.351|1.223 0.694 1441 0.311
37 18.00 719.60 7.30 72.00 2793 9595|0192 -0.196 0474 0.422]-1.215 -0.292 -1.173 -0.193]0.948 0.610 0.617 0.641
38 1430 729.10 220 10940 1743 6755 1.223 -0.201 0.054 -0.091]-0.623 -0.784 0.011 -0.351]0.466 0.694 0.688 0.311
39 2120 468.70 2.90 4690 1089 4207|1101 0987 0.005 0.398]-2.769 -1.843 -0.294 -0.460|1.616 0.437 0.243 0.217
40 1750 760.80 24.20 114.10 3608 14730[-0.225 0280 0.757 0.126]-0.793 -1.033 -2.870 -0.664|1.195 0.616 1.441 0.274
41 14.20 818.50 11.90 122.80 3287 10399 1.195 -0.602 1.441 -0.269|-3.217 -0.172 -2.870 -0.243|0.915 0.616 0.757 0.274
42 23.00 627.80 3.60 9420 2147 7767 0.851 -0.164 -0.028 -0.074]-2.532 -0.461 -0.091 -0.206|0.802 0.723 0.108 1.052
43 2370 517.70 450 51.80 719 29580203 1.044 -0.152 0311] 0.104 -1.843 0.113 -0.460[0.946 0.427 0.243 0.217
44 42.00 603.70 520 90.60 2474 9191 [-0.232 0.009 -0.091 0.002]-2.532 -0.350 -0.040 -0.155]0.851 1.335 0.268 0.295
45 3830 52840 3.80 79.30 2698 10350[-0.890 0.437 -0.019 -0.301|-1.335 -1.843 -0.098 -0.460[1.189 0.987 0.243 0.539
46 930 704.00 4310 7040 3522 12760 0.948 -0.292 -1.173 0.153]-0.851 -0.320 -1.650 -0.326]0.239 0.610 0.556 0.641
47 48.00 45750 220 68.60 2954 10398|-1.281 1.335 0.123 0.295|-1.416 -0.320 -0.091 -0.146[0.860 0.489 0.533 0.780
48 21.60 653.60 6.70 6540 3180 11715] 0.149 -0.320 0.533 0.235[-1.281 -0.292 -1.650 -0.326/0.948 1.335 0.500 0.780
49 2670 703.80 4.90 105.60 3375 12933] 0.466 0.096 0.051 0.042]-1.608 -0.409 -0.468 -0.232|1.223 0.694 0.393 0.311
438 31.00 479.30 140 12.00 1339 4408|0307 -0.150 0.203 -0.011|-1.324 -0.766 -0.522 -0.058|1.164 1.184 0.112 0.089
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APPENDIX B: Spatial Preference Modelling Results

CaseStudy Fxisting Infrastructure Indicators
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21.00
25.70
18.00
30.00
30.00
33.00
12.70
20.50
23.70
25.50
19.30
42.40
35.00
18.80
18.80
34.50
22.70
21.70
53.50
27.50
10.20
30.00
20.00
19.00
18.80
30.80
44.00
26.00
29.30
26.30
10.50
22.70
18.70
15.60
21.50
28.30
18.00
14.30
21.20

31.00

854.90
676.30
485.40
746.10
703.90
674.70
696.50
679.40
718.90
714.90
900.00
710.70
691.00
526.80
568.80
553.80
872.30
652.10
640.90
633.90
796.80
764.50
581.50
601.50
593.40
499.60
562.10
557.00
701.00
694.60
742.60
604.90
786.70
617.60
632.20
706.60
719.60
729.10
468.70

479.30

76.60
220
1.60
4.30
3.90
2.70
7.30
3.00
2.40
5.50

10.70
7.00
6.20
0.40

28.50
2.50

42.30
1.80
8.20
4.90

25.10
2.30
4.50
1.80
4.70
3.70
3.30
1.00

82.10
2.90
7.60
3.90
1.80

51.00
2.00
3.70
7.30
220
2.90

1.40

85.50
67.60
72.80
74.60
70.40
101.20
104.50
101.90
287.60
107.20
135.00
106.60
103.70
52.70
56.90
55.40
130.80
65.20
64.10
95.10
119.50
114.70
232.60
90.20
89.00
74.90
56.20
83.60
105.20
104.20
111.40
90.70
78.70
92.60
94.80
106.00
72.00
109.40
46.90

12.00

2405
2076
803
888
1145
2405
2311
1726
2151
2845
1037
1749
2155
1441
1368
2279
1558
1088
1333
2387
1286
2209
1409
1407
2097
2060
1369
1307
2016
1752
1987
3990
1054
3395
1305
2034
2793
1743
1089

1339

7194
7607
3391
2713
4011
8764
8819
5790
8743
9658
5038
6120
8991
5102
5111
9189
6023
4019
5426
8842
5363
7670
5427
5046
8275
7858
6034
4024
6944
7345
6992
13436
3920
14528
4866
7252
9595
6755
4207

4408

0.001 1.000
1.000 0.173
1.542 0.567
1.000 1.000
1.000 0.186
1.000 0.079
0.201 0.289
0.856 0.073
0.059 1.000
0.023 1.000
1.000 1.000
1.000 1.000
1.000 1.000
0.367 0.060
0.061 5.640
1.000 1.000
0.009 1.000
0.252 0.030
1.000 1.000
1.000 0.038
4.709 0.054
1.000 1.000
0.397 0.258
0.140 0.058
0.036 0.512
1.000 0.132
1.000 1.000
1.000 0.324
1.000 0.367
1.000 0.049
0.143 0.029
0.066 1.000
0.123 1.000
0.055 0.070
0.098 1.000
0.010 0.037
0.041 1.000
0.526 1.000
0.114 0.377

0.044 1.000

1.000
0.393
0.293
0.156
0.402
0.009
0.127
0.165
0.031
0.073
0.158
1.000
1.000
9.574
1.000
1.000
1.000
0.685
1.000
1.000
0.253
0.009
1.000
0.059
0.168
1.000
1.000
0.237
1.000
0.007
0.111
0.060
0.070
1.000
0.037
0.068
0.154
0.016
0.003

0.302

0.046] 0.512
0.200]0.442
0.498]0.725
0.081]0.559
0.639]0.557
0.213]0.325
1.000]0.404
0.293]0.347
1.000]0.522
1.000]0.524
1.000]0.790
0.128]0.782
0.056]0.764
0.044] 2.511
5.512]3.053
0.247]0.812
1.000]0.752
0.030]0.249
1.000] 1.000
0.119]0.539
1.000] 1.504
1.00010.752
1.000]0.664
0.102]0.090
0.119]0.209
0.056]0.547
0.079]0.770
0.411]0.493
0.362]0.682
0.04910.276
1.000] 0.321
1.000]0.532
1.000]0.548
1.000] 0.531
1.00010.534
0.037]0.038
0.132]0.332
1.000]0.635
0.306]0.200

1.000]0.587

0.999
0.000
-0.542
0.000
0.000
0.000
0.799
0.144
0.941
0.977
0.000
0.000
0.000
0.633
1.317
0.000
0.991
0.748
0.000
0.000
-3.709
0.000
0.603
0.860
0.964
0.000
0.000
0.000
0.000
0.000
0.857
0.934
0.877
0.985
0.902
0.990
0.959
0.474
0.886

0.956

0.954
0.800
0.502
0.919
0.361
0.787
0.000
0.707
0.000
0.000
0.000
0.872
0.944
0.956
-4.512
0.877
0.000
0.970
0.000
0.881
0.000
0.000
0.000
0.898
0.881
0.944
0.921
0.589
0.638
0.951
0.000
0.000
0.000
0.000
0.000
0.963
0.868
0.000
0.694

0.000

0.488
0.558
0.275
0.441
0.443
0.675
0.596
0.653
0.478
0.476
0.210
0.218
0.236
-1.511
-1.959
0.219
0.248
0.751
0.000
0.461
-0.504
0.248
0.336
0.910
0.791
0.453
0.230
0.507
0.318
0.730
0.679
0.468
0.452
0.479
0.466
0.962
0.668
0.365
0.800

0.413
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Case Stud L . Interval Standardization
wesuey Existing Infrastructure Indicators -

Benefit Cost
a o 0 o o
58 8 8 B oz |28 8 E|le|2 § & &|¢
12 g B 5 7 |2 & B E|°|% 8 E 5|7
1 21.00 854.90 76.60 85.50 2405 71941 0.044 1.000 1.000 0.087]0.533{0.956 0.000 0.000 0.913]0.467
2 2570 67630 220 67.60 2076 7607 ] 1.000 0.220 0.275 0.204]0.425]0.000 0.780 0.725 0.796]0.575
3 18.00 48540 1.60 72.80 803 3391]0.453 0.412 0.259 0.358]0.371]0.547 0.588 0.741 0.642|0.629
4 30.00 746.10 4.30 74.60 888 27131 1.000 1.000 0.221 0.127]0.587]0.000 0.000 0.779 0.873]0.413
5 30.00 703.90 390 70.40 1145 4011] 1.000 0.217 0.283 0.349]0.462]0.000 0.783 0.717 0.651]0.538
6 33.00 67470 2.70 101.20 2405 8764 ] 1.000 0.173 0.023 0.243]0.360]0.000 0.827 0.977 0.757|0.640
7 1270 696.50 7.30 104.50 2311 8819] 0.200 0.226 0.182 1.000}0.402]0.800 0.774 0.818 0.000{0.598
8 20.50 679.40 3.00 101.90 1726 5790] 0.333 0.220 0.220 0.257]0.257]0.667 0.780 0.780 0.74310.743
9 2370 71890 240 287.60 2151 87431 0.139 1.000 0.047 1.000]0.547]0.861 0.000 0.953 0.000]0.453
10 2550 714.90 5.50 107.20 2845 9658 0.086 1.000 0.121 1.000]0.552]0.914 0.000 0.879 0.000]0.448
11 19.30 900.00 10.70 135.00 1037 5038 ] 1.000 1.000 0.189 1.000]0.797]0.000 0.000 0.811 0.000{0.203
12 4240 710.70 7.00 106.60 1749 6120 1.000 1.000 1.000 0.220]0.805]0.000 0.000 0.000 0.780]0.195
13 35.00 691.00 6.20 103.70 2155 8991 | 1.000 1.000 1.000 0.128]0.782]0.000 0.000 0.000 0.872]0.218
14 18.80 526.80 0.40 52.70 1441 5102]0.283 0.113 0.392 0.077]0.216]0.717 0.887 0.608 0.92310.784
15 18.80 568.80 28.50 56.90 1368 5111 ]-1.300 0.781 1.000 0.830]0.328]2.300 0.219 0.000 0.17010.672
16 34.50 553.80 2.50 55.40 2279 9189] 1.000 1.000 1.000 0.196]0.799]0.000 0.000 0.000 0.804]0.201
17 22.70 872.30 42.30 130.80 1558 6023 ] 0.094 1.000 1.000 1.000]0.774]0.906 0.000 0.000 0.000]0.226
18 21.70 652.10 1.80 65.20 1088 4019 0.313 0.214 0.392 0.201]0.280]0.687 0.786 0.608 0.79910.720
19 53.50 640.90 820 64.10 1333 5426] 1.000 1.000 1.000 1.000]1.000{0.000 0.000 0.000 0.000{0.000
20 27.50 633.90 4.90 95.10 2387 88421 1.000 0.106 1.000 0.157}0.566]0.000 0.894 0.000 0.843]0.434
21 10.20 796.80 25.10 119.50 1286 53631 0.424 0.146 0.211 1.000]0.445]0.576 0.854 0.789 0.000]0.555
22 30.00 764.50 230 114.70 2209 76701 1.000 1.000 0.006 1.000]0.752]0.000 0.000 0.994 0.000]0.248
23 20.00 581.50 4.50 232.60 1409 54271 0.351 0.305 1.000 1.000]0.664]0.649 0.695 0.000 0.000]0.336
24 19.00 601.50 1.80 90.20 1407 50461 0.159 0.125 0.099 0.151]0.133]0.841 0.875 0.901 0.849]0.867
25 18.80 593.40 4.70 89.00 2097 62751 0.096 0.235 0.148 0.139]0.155]0.904 0.765 0.852 0.861]0.845
26 30.80 499.60 3.70 74.90 2000 78581 1.000 0.144 1.000 0.101]0.561]0.000 0.856 0.000 0.899]0.439
27 44.00 562.10 3.30 56.20 1369 060341 1.000 1.000 1.000 0.117]0.779]0.000 0.000 0.000 0.883]0.221
28 26.00 557.00 1.00 83.60 1307 40241 1.000 0.291 0.242 0.276]0.452]0.000 0.709 0.758 0.724]0.548
29 29.30 701.00 82.10 105.20 2016 69441 1.000 0.213 1.000 0.194]0.602]0.000 0.787 0.000 0.806]0.398
30 26.30 694.60 2.90 104.20 1752 73451 1.000 0.156 -0.020 0.156]0.323]0.000 0.844 1.020 0.844]0.677
31 10.50 742.60 7.60 111.40 1987 (9921 0.143 0.101 0.132 1.000]0.344|0.857 0.899 0.868 0.000]0.656
32 2270 60490 3.90 90.70 3990 13436] 0.105 1.000 0.109 1.000]0.554]0.895 0.000 0.891 0.000]0.446
33 18.70 786.70 1.80 78.70 1054 39201 0.137 1.000 0.121 1.000]0.565]0.863 0.000 0.879 0.000]0.435
34 15.60 617.60 51.00 92.60 3395 14528] 0.018 0.132 1.000 1.000]0.538]0.982 0.868 0.000 0.000]0.462
35 21.50 63220 2.00 94.80 1305 48661 0.132 1.000 0.078 1.000]0.553]0.868 0.000 0.922 0.000]0.447
36 28.30 706.60 3.70 106.00 2034 72521 0.106 0.093 0.118 0.093]0.103]0.894 0.907 0.882 0.907]0.897
37 18.00 719.60 7.30 72.00 2793 95951 0.130 1.000 0.184 0.148]0.365|0.870 0.000 0.816 0.852]0.635
38 14.30 729.10 2.20 109.40 1743 67551 0.339 1.000 0.013 1.000]0.588]0.661 0.000 0.987 0.000] 0.412
39 21.20 468.70 2.90 46.90 1089 42071 0.147 0.207 0.093 0.211]0.165|0.853 0.793 0.907 0.789]0.835
438 31.00 479.30 1.40 12.00 1339 44081 0.109 1.000 0.191 1.000]J0.575]0.891 0.000 0.809 0.000]0.425
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Goal Values are reference values determine

the minimum and maximum value acceptable
by stakeholder.

G=0, Just to refine the new value to be more equal

to the average of the neighbouring units

Indicators

Min Goal

Max Goal

Assumption

Value

Assumption

Value

ROAD

0.00

0.000

ELECT

0.00

0.000

TELEC

0.00 |-

0.000

WATER

0.00

0.000

CaseStudy Fxisting Infrastructure Indicators

Goal Standardization

Benefit

ROAD

ELECT

TELEC

WATER

o
o

POP

ROAD
ELECT

WATER

Infra

ROAD

LECT

8]

Infra

© 0 J4 & 1 A W N = |Location ID

L L L LW N DNDDNDNDDNNDDNDNDNIDNDRE L P = > = =2 2 2 =
DN~ O O 00 1NN, O Y 00N RN O

438

21.00
25.70
18.00
30.00
30.00
33.00
12.70
20.50
23.70
25.50
19.30
42.40
35.00
18.80
18.80
34.50
22.70
21.70
53.50
27.50
10.20
30.00
20.00
19.00
18.80
30.80
44.00
26.00
29.30
26.30
10.50
22.70
18.70

31.00

854.90
676.30
485.40
746.10
703.90
674.70
696.50
679.40
718.90
714.90
900.00
710.70
691.00
526.80
568.80
553.80
872.30
652.10
640.90
633.90
796.80
764.50
581.50
601.50
593.40
499.60
562.10
557.00
701.00
694.60
742.60
604.90
786.70

479.30

76.60
2.20
1.60
4.30
3.90
2.70
7.30
3.00
2.40
5.50

10.70
7.00
6.20
0.40

28.50
2.50

42.30
1.80
8.20
4.90

25.10
2.30
4.50
1.80
4.70
3.70
3.30
1.00

82.10
2.90
7.60
3.90
1.80

1.40

85.50
67.60
72.80
74.60
70.40
101.20
104.50
101.90
287.60
107.20
135.00
106.60
103.70
52.70
56.90
55.40
130.80
65.20
64.10
95.10
119.50
114.70
232.60
90.20
89.00
74.90
56.20
83.60
105.20
104.20
111.40
90.70
78.70

12.00

2405
2076
803
888
1145
2405
2311
1726
2151
2845
1037
1749
2155
1441
1368
2279
1558
1088
1333
2387
1286
2209
1409
1407
2097
2060
1369
1307
2016
1752
1987
3990
1054

1339

7194
7607
3391

2713
4011

8764
8819
5790
8743
9658
5038
6120
8991

5102
5111

9189
6023
4019
5426
8842
5363
7670
5427
5046
8275
7858
6034
4024
6944
7345
6992
13436
3920

4408

0.001 1.000
1.000 0.106
0.179 0.567
1.000 1.000
1.000 0.186
1.000 0.033
0.159 0.122
0.231 0.010
0.054 1.000
0.017 1.000
1.000 1.000
1.000 1.000
1.000 1.000
0.405 0.059
0.058 0.600
1.000 1.000
0.008 1.000
0.239 0.036
1.000 1.000
1.000 0.023
0.195 0.033
1.000 1.000
0.253 0.110
0.106 0.025
0.034 0.087
1.000 0.121
1.000 1.000
1.000 0.107
1.000 0.103
1.000 0.034
0.113 0.017
0.042 1.000
0.135 1.000

0.051 1.000

0.034
0.185
0.135
0.056
0.173
0.232
1.000
0.272
1.000
1.000
1.000
0.139
0.052
0.018
0.179
0.046
1.000
0.011
1.000
0.129
1.000
1.000
1.000
0.107
0.092
0.017
0.031
0.263
0.046
0.015
1.000
1.000
1.000

1.000

0.509
0.382
0.279
0.564
0.420
0.318
0.351
0.132
0.518
0.528
0.790
0.785
0.763
0.131
0.459
0.762
0.752
0.113
1.000
0.538
0.357
0.752
0.591
0.063
0.073
0.534
0.758
0.348
0.537
0.263
0.305
0.519
0.543

0.521

0.999
0.000
0.821
0.000
0.000
0.000
0.841
0.769
0.946
0.983
0.000
0.000
0.000
0.595
0.942
0.000
0.992
0.761
0.000
0.000
0.805
0.000
0.747
0.894
0.966
0.000
0.000
0.000
0.000
0.000
0.887
0.958
0.865

0.949

0.000
0.894
0.433
0.000
0.814
0.967
0.878
0.990
0.000
0.000
0.000
0.000
0.000
0.941
0.400
0.000
0.000
0.964
0.000
0.977
0.967
0.000
0.890
0.975
0.913
0.879
0.000
0.893
0.897
0.966
0.983
0.000
0.000

0.000

0.000 0.966
0.762 0.815
0.767 0.865
0.800 0.944
0.679 0.827
0.991 0.768
0.879 0.000
0.986 0.728
0.983 0.000
0.906 0.000
0.842 0.000
0.000 0.861
0.000 0.948
0.957 0.982
0.000 0.821
0.000 0.954
0.000 0.000
0.833 0.989
0.000 0.000
0.000 0.871
0.800 0.000
0.992 0.000
0.000 0.000
0.984 0.893
0.920 0.908
0.000 0.983
0.000 0.969
0.978 0.737
0.000 0.954
0.997 0.985
0.912 0.000
0.966 0.000
0.965 0.000

0.966 0.000

0.491
0.618
0.721
0.436
0.580
0.682
0.649
0.868
0.482
0.472
0.210
0.215
0.237
0.869
0.541
0.238
0.248
0.887
0.000
0.462
0.643
0.248
0.409
0.937
0.927
0.466
0.242
0.652
0.463
0.737
0.695
0.481
0.457

0.479
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APPENDIX C: Non-Spatial Preference Modelling Results

CaseStudy Existing Infrastructure Indicators

Maximum Standardization

Benefit Cost
a
a2 b 8 B - |92 B 8 Elsz|le &8 8 8¢
S ¢ 3 8 = = £|¢g 3 8 <|&|g 3 82 =|:=
SR @ R B B g ROE B @ R OB
1 21.00 854.90 76.60 85.50 2405 7194|0318 0950 0.506 0.270{0.511]0.783 0.192 0.496 0.752|0.556
2 2570 67630 220 67.60 2076 7607|0389 0.751 0.015 0.213]0.342}0.712 0.391 0.987 0.808|0.725
3 18.00 48540 1.60 72.80 803 33910273 0539 0.011 0.230/0.263]0.829 0.603 0.991 0.792]0.804
4 3000 74610 430 7460 888 2713|0455 0.829 0.028 0.236]0.387}0.647 0.313 0.974 0.786|0.680
53000 70390 390 7040 1145 4011|0455 0.782 0.026 0.222]0.371}0.647 0.360 0.976 0.799]0.696
6 33.00 67470 270 101.20 2405 87640500 0.750 0.018 0.320]0.397}0.602 0.392 0.984 0.702}0.670
7 1270 696.50 7.30 104.50 2311 8519 0.192 0.774 0.048 0.330]0.336]0.909 0.368 0.954 0.692]0.731
8 2050 679.40 3.00 101.90 1726 5790 0.311 0.755 0.020 0.322]0.352/0.791 0.387 0.982 0.700|0.715
9 2370 718.90 240 287.60 2151 §7430.359 0.799 0.016 0.9080.520]0.742 0.343 0.986 0.113]0.546
10 2550 71490 550 107.20 2845 9658 | 0.386 0.794 0.036 0.338]0.389]0.715 0.348 0.966 0.683|0.678
11 19.30 900.00 10.70 135.00 1037 5038 ] 0.292 1.000 0.071 0.426{0.447]0.809 0.142 0.931 0.595]0.619
12 4240 71070 7.00 106.60 1749 6120 ] 0.642 0790 0.046 0.337]0.454]0.459 0.352 0.956 0.685]0.613
13 35.00 691.00 620 103.70 2155 8991 ] 0530 0768 0.041 0.327]0.417]0.571 0.374 0.961 0.694|0.650
14 18.80 526.80 0.40 5270 1441 5102]0.285 0.585 0.003 0.166{0.260]0.817 0.557 0.999 0.855|0.807
15 18.80 568.80 28.50 56.90 1368 5111]0.285 0.632 0.188 0.180]0.321]0.817 0.510 0.814 0.842|0.746
16 3450 553.80 250 5540 2279 9189|0523 0.615 0017 0.175[0.332]0.579 0.527 0.985 0.847|0.734
17 2270 87230 4230 130.80 1558 6023|0344 0969 0279 0.413]0.501]0.758 0.173 0.723 0.6080.565
18 21.70 65210 1.80 6520 1088 4019|0329 0725 0.012 0.206|0.318]0.773 0.418 0.990 0.816]0.749
19 53.50 64090 820 64.10 1333 5426|0811 0712 0.054 0.202}0.445]0.291 0.430 0.948 0.819]0.622
20 2750 633.90 490 9510 2387 88420417 0.704 0.032 0.300]0.3630.685 0.438 0.970 0.721]0.703
21 1020 796.80 25.10 119.50 1286 5363 ] 0.155 0.885 0.166 0.377]0.396]0.947 0.257 0.836 0.644|0.671
22 30.00 764.50 2.30 114.70 2209 7670 | 0.455 0.849 0.015 0.362]0.420]0.647 0.293 0.987 0.659]0.646
23 20.00 581.50 4.50 232.60 1409 54270303 0.646 0.030 0.734]0.428]0.798 0.496 0.972 0.287]0.638
24 19.00 601.50 1.80 90.20 1407 5046 ] 0.288 0.668 0.012 0.285]0.313}0.814 0.474 0.990 0.737]0.754
25 18.80 59340 470 89.00 2097 8275]0.285 0.659 0.031 0.281]0.314]0.817 0.483 0.971 0.740|0.753
26 30.80 499.60 3.70 74.90 2060 7858 | 0.467 0555 0.024 0.237]0.321]0.635 0.587 0.978 0.785|0.746
27 44.00 562.10 3.30 56.20 1369 6034]0.667 0.625 0.022 0.177]0.373[0.435 0.518 0.980 0.844|0.694
28 2600 557.00 1.00 83.60 1307 4024]0394 0.619 0.007 0.264]0.321}0.708 0.523 0.995 0.757|0.746
29 2930 701.00 82.10 10520 2016 (944 | 0.444 0.779 0.542 0.332]0.524|0.658 0.363 0.460 0.689{0.542
30 2630 694.60 2.90 10420 1752 7345|0398 0772 0.019 0.329]0.380]0.703 0.370 0.983 0.692|0.687
31 1050 742.60 7.60 111.40 1987 6992 0.159 0.825 0.050 0.352]0.347]0.942 0.317 0.952 0.670{0.720
32 2270 60490 3.90 90.70 3990 13436] 0.344 0.672 0.026 0.286]0.332]0.758 0.470 0.976 0.735|0.735
33 1870 786.70 1.80 78.70 1054 3920|0283 0.874 0.012 0.249]0.354|0.818 0.268 0.990 0.773|0.712
34 15.60 617.60 51.00 92.60 3395 14528 0236 0.686 0.337 0.292]0.388]0.865 0.456 0.665 0.729]0.679
35 2150 63220 2.00 9480 1305 4806|0326 0.702 0.013 0.299]0.335|0.776 0.440 0.989 0.722{0.732
362830 706.60 3.70 106.00 2034 7252|0429 0785 0.024 0.335[0.393]0.673 0.357 0.978 0.687|0.674
37 18.00 719.60 7.30 72.00 2793 9595|0273 0.800 0.048 0.227]0.337]0.829 0.343 0.954 0.794|0.730
38 1430 729.10 220 109.40 1743 6755|0217 0.810 0.015 0.345]0.347]0.885 0.332 0.987 0.676}0.720
39 2120 468.70 2.90 4690 1089 4207]0.321 0521 0.019 0.148]0.252]0.780 0.621 0.983 0.873|0.814
438 31.00 479.30 140 1200 1339 4408|0470 0533 0.009 0.038]0.262]0.632 0.610 0.993 0.984]0.804
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CGaseStudy Fxisting Infrastructure Indicators

Interval Standardization

Benefit Cost
a
2 0 8 B - =2 B 8 Elsg|le & 8 &#|¢
f ¢ 2 B £ I Elg 3 B =|E|g q 8 2|
5 ~ 25 = = ~ sal = = ~ M = =
1 21.00 854.90 76.60 85.50 2405 7194 0.241 0.942 0.505 0.254]0.485]0.759 0.058 0.495 0.746|0.515
2 2570 67630 220 67.60 2076 7607]0.320 0.710 0.013 0.196]0.310{0.680 0.290 0.987 0.804]0.690
3 18.00 485.40 1.60 72.80 803 3391]0.191 0.463 0.009 0.213]0.219]0.809 0.537 0.991 0.787]0.781
4 30.00 746.10 4.30 74.60 888 2713]0.393 0.801 0.026 0.219]0.360|0.607 0.199 0.974 0.781|0.640
5 30.00 703.90 390 70.40 1145 4011} 0.393 0.746 0.024 0.205]0.342]0.607 0.254 0.976 0.795]|0.658
6 33.00 67470 2.70 101.20 2405 8764 ] 0.444 0.708 0.016 0.305]0.368|0.556 0.292 0.984 0.695]0.632
7 12.70 696.50 7.30 104.50 2311 88191 0.101 0.736 0.046 0.315]0.300]0.899 0.264 0.954 0.685|0.700
8 20.50 679.40 3.00 101.90 1726 57901 0.233 0.714 0.018 0.307]0.318]0.767 0.286 0.982 0.693]0.682
9 2370 71890 240 287.60 2151 87431 0.287 0.765 0.014 0.906]0.493|0.713 0.235 0.986 0.094]0.507
10 25.50 71490 5.50 107.20 2845 9658 | 0.317 0.760 0.034 0.324]0.359]0.683 0.240 0.966 0.676]0.641
11 19.30 900.00 10.70 135.00 1037 5038 | 0.212 1.000 0.069 0.414]0.424]0.788 0.000 0.931 0.586]0.576
12 4240 710.70 7.00 106.60 1749 6120 0.602 0.755 0.044 0.322]0.431]0.398 0.245 0.956 0.678]0.569
13 35.00 691.00 6.20 103.70 2155 8991 | 0.477 0.729 0.039 0.313]0.390]0.523 0.271 0.961 0.687]0.610
14 18.80 526.80 0.40 52.70 1441 5102 0.204 0.517 0.001 0.148]0.217]0.796 0.483 0.999 0.852]0.783
15 18.80 568.80 28.50 56.90 1368 5111 0.204 0.571 0.187 0.162]0.281]0.796 0.429 0.813 0.838]0.719
16 34.50 553.80 2.50 55.40 2279 9189 0.469 0.552 0.015 0.157]0.298]0.531 0.448 0.985 0.843]0.702
17 22.70 872.30 42.30 130.80 1558 6023 | 0.270 0.964 0.278 0.400]0.478]0.730 0.036 0.722 0.600]0.522
18 21.70 652.10 1.80 65.20 1088 4019 0.253 0.679 0.010 0.188]0.283]0.747 0.321 0.990 0.812]0.717
19 53.50 64090 820 64.10 1333 5426 0.789 0.664 0.052 0.185]0.423]0.211 0.336 0.948 0.815]|0.577
20 27.50 633.90 4.90 9510 2387 88421 0.351 0.655 0.030 0.285]0.330]0.649 0.345 0.970 0.715[0.670
21 10.20 796.80 25.10 119.50 1286 53631 0.059 0.866 0.164 0.364]0.363]|0.941 0.134 0.836 0.636|0.637
22 30.00 764.50 2.30 114.70 2209 7670]0.393 0.825 0.013 0.348}0.395)0.607 0.175 0.987 0.652|0.605
23 20.00 581.50 4.50 232.60 1409 54271 0.224 0.587 0.028 0.729]0.392|0.776 0.413 0.972 0.271]0.608
24 19.00 601.50 1.80 90.20 1407 5046]0.207 0.613 0.010 0.269]0.275[0.793 0.387 0.990 0.731|0.725
25 18.80 593.40 4.70 89.00 2097 8275] 0.204 0.603 0.029 0.265]0.275|0.796 0.397 0.971 0.735|0.725
26 30.80 499.60 3.70 74.90 2060 7858] 0.406 0.481 0.023 0.220]0.283]0.594 0.519 0.977 0.7800.717
27 44.00 562.10 3.30 5620 1369 60341 0.629 0.562 0.020 0.159]0.343]|0.371 0.438 0.980 0.841|0.657
28 26.00 557.00 1.00 83.60 1307 40241 0.325 0.556 0.005 0.248]0.283]0.675 0.444 0.995 0.752|0.717
29 29.30 701.00 82.10 105.20 2016 69441 0.381 0.742 0.541 0.318]0.496]0.619 0.258 0.459 0.682|0.504
30 26.30 694.60 2.90 104.20 1752 7345]0.331 0.734 0.017 0.314]0.349|0.669 0.266 0.983 0.686] 0.651
31 10.50 742.60 7.60 111.40 1987 69921 0.064 0.796 0.048 0.338]0.312]|0.936 0.204 0.952 0.662|0.688
32 2270 60490 3.90 90.70 3990 13436] 0.270 0.618 0.024 0.271]0.296]|0.730 0.382 0.976 0.729]0.704
33 18.70 786.70 1.80 78.70 1054 39201 0.202 0.853 0.010 0.232]0.324|0.798 0.147 0.990 0.768]0.676
34 15.60 617.60 51.00 92.60 3395 14528] 0.150 0.634 0.336 0.277]0.349]0.850 0.366 0.664 0.723]0.651
35 21.50 63220 2.00 94.80 1305 4866 ] 0.250 0.653 0.011 0.284]0.299]0.750 0.347 0.989 0.716]0.701
36 28.30 706.60 3.70 106.00 2034 72521 0.364 0.750 0.023 0.320]0.364|0.636 0.250 0.977 0.680]0.636
37 18.00 719.60 7.30 72.00 2793 95951 0.191 0.766 0.046 0.210]0.303]|0.809 0.234 0.954 0.790{0.697
38 14.30 729.10 220 109.40 1743 6755]0.128 0.779 0.013 0.331]0.313|0.872 0.221 0.987 0.669]0.687
39 21.20 468.70 2.90 4690 1089 4207]0.245 0.441 0.017 0.129]0.208]0.755 0.559 0.983 0.871|0.792
438 31.00 479.30 1.40 12.00 1339 4408] 0.410 0.455 0.007 0.017]0.222]0.590 0.545 0.993 0.983]0.778
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Goal Values are reference values determine Indicators Min Goal Max Goal
the minimum and maximum value acceptable Assumption Value| Assumption Value
by stakeholder. ROAD Min (ROAD) + 10 10.21 [Max (ROAD) + 50 | ###
ELECT Min (ELECT) + 10 10.00 [Max (ELECT) + 50 | ###
TELEC Min (TELEC) + 10 10.46 |Max (TELEC) + 50 | ###
WATER Min (WATER) + 10 |10.09 [Max (WATER) + 50 | ###
Case Study o3t . Goal Standardization
Existing Infrastructure Indicators -
Benefit Cost
a
9 5 %8 & - -|le 5 2 glsle 59 s
¢ 3 @8 £ = £|¢g 3 8 <|E5|g 3 8 <|=
2 2 @ R OB R R B K @B R B
1 21.00 854.90 76.60 85.50 2405 71941 0.043 0.883 0.347 0.196]0.367]0.957 0.117 0.653 0.804]0.633
2 2570 676.30 220 67.60 2076 7607 0.091 0.663 -0.042 0.145]0.21410.909 0.337 1.042 0.855]0.786
3 18.00 485.40 1.60 72.80 803 3391]0.013 0.428 -0.046 0.160]0.139]0.987 0.572 1.046 0.840] 0.861
4 30.00 746.10 4.30 74.60 888 27131 0.134 0.749 -0.031 0.165]0.254]0.866 0.251 1.031 0.835]0.746
5 30.00 703.90 390 7040 1145 40111 0.134 0.697 -0.033 0.153]0.238]0.866 0.303 1.033 0.847]0.762
6 33.00 674.70 2.70 101.20 2405 87641 0.164 0.661 -0.040 0.241]0.257]0.836 0.339 1.040 0.759]0.743
7 1270 696.50 7.30 104.50 2311 8819 1-0.040 0.688 -0.016 0.251]0.221]1.040 0.312 1.016 0.749]0.779
8 20.50 679.40 3.00 101.90 1726 57901 0.038 0.667 -0.038 0.243]0.228]0.962 0.333 1.038 0.757]0.772
9 2370 71890 2.40 287.60 2151 87431 0.070 0.715 -0.041 0.774]0.380]0.930 0.285 1.041 0.226]0.620
10 25.50 714.90 5.50 107.20 2845 9658 0.089 0.711 -0.025 0.258]0.258]0.911 0.289 1.025 0.742]0.742
11 19.30 900.00 10.70 135.00 1037 50381 0.026 0.938 0.002 0.338]0.326]0.974 0.062 0.998 0.662]0.674
12 42.40 710.70 7.00 106.60 1749 61201 0.259 0.705 -0.017 0.257]0.301]0.741 0.295 1.017 0.743]0.699
13 35.00 691.00 6.20 103.70 2155 8991 ] 0.184 0.681 -0.021 0.248]0.273]0.816 0.319 1.021 0.752]0.727
14 18.80 526.80 0.40 52.70 1441 51021 0.021 0.479 -0.052 0.103]0.138]0.979 0.521 1.052 0.897]0.862
15 18.80 568.80 28.50 56.90 1368 51111 0.021 0.531 0.095 0.115]0.190{0.979 0.469 0.905 0.885] 0.810
16 34.50 553.80 2.50 55.40 2279 91891 0.179 0.512 -0.041 0.110]0.190]0.821 0.488 1.041 0.890] 0.810
17 2270 872.30 42.30 130.80 1558 06023 ] 0.060 0.904 0.167 0.326]0.365]0.940 0.096 0.833 0.674]0.635
18 21.70 652.10 1.80 6520 1088 40191 0.050 0.633 -0.044 0.138]0.194]0.950 0.367 1.044 0.862]0.806
19 53.50 640.90 820 64.10 1333 5426 0.371 0.619 -0.011 0.135]0.279]0.629 0.381 1.011 0.865] 0.721
20 27.50 633.90 4.90 95.10 2387 8842 0.109 0.611 -0.028 0.224]0.229]0.891 0.389 1.028 0.776]0.771
21 10.20 796.80 25.10 119.50 1286 5363 [-0.065 0.811 0.077 0.294]0.279]1.065 0.189 0.923 0.706) 0.721
22 30.00 764.50 2.30 114.70 2209 7670 | 0.134 0.772 -0.042 0.280]0.286]0.866 0.228 1.042 0.720] 0.714
23 20.00 581.50 4.50 232.60 1409 54271 0.033 0.546 -0.030 0.617]0.291]0.967 0.454 1.030 0.383]0.709
24 19.00 601.50 1.80 90.20 1407 5046 | 0.023 0.571 -0.044 0.210]0.190]0.977 0.429 1.044 0.790] 0.810
25 18.80 593.40 4.70 89.00 2097 8275] 0.021 0.561 -0.029 0.206]0.190/0.979 0.439 1.029 0.794] 0.810
26 30.80 499.60 3.70 74.90 2060 7858 | 0.142 0.445 -0.035 0.166]0.180]0.858 0.555 1.035 0.834]0.820
27 44.00 562.10 3.30 56.20 1369 6034 0.275 0.522 -0.037 0.113]0.218{0.725 0.478 1.037 0.887]0.782
28 26.00 557.00 1.00 83.60 1307 40241 0.094 0.516 -0.049 0.191]0.188]0.906 0.484 1.049 0.809] 0.812
29 29.30 701.00 82.10 105.20 2016 6944 | 0.127 0.693 0.376 0.253]0.362]0.873 0.307 0.624 0.747]0.638
30 26.30 694.60 2.90 104.20 1752 7345] 0.097 0.686 -0.039 0.250]0.248[0.903 0.314 1.039 0.750]0.752
31 10.50 742.60 7.60 111.40 1987 6992 [-0.062 0.745 -0.014 0.270]0.235]1.062 0.255 1.014 0.730]0.765
32 22,70 604.90 3.90 90.70 3990 13436| 0.060 0.575 -0.033 0.211]0.203]0.940 0.425 1.033 0.789]0.797
33 18.70 786.70 1.80 78.70 1054 3920 0.020 0.799 -0.044 0.177]0.238]0.980 0.201 1.044 0.823]0.762
438 31.00 479.30 1.40 12.00 1339 4408] 0.410 0.455 0.007 0.017]0.222]0.590 0.545 0.993 0.983]0.778
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APPENDIX D: Case Study Results

Irmerval Standardizanon
Benefn

Tadra

Livcation 1D

ROAD
ELECT
TELEC
WATER
Existing Infra
AhedB_Ro adAR

Aled B WaterAR

Oule4 1.000 1.000 0087 0.333
1000 0220 0275 0204 0.425
0453 0.412 0259 0.358 0.371
1000 1.000 02 0127 0.587
1000 047 0283 0545 0.462
1000 0.173 0023 243 0. 360 (4040 0002 0.000 3957 5.272 55.352
LI L 0.226 0182 1.0:00 0.402 0402 Q000 0.000 Q000 0000 QOO0
0333 0,20 0220 (257 0.257 (4040 0008 32205 21.581 21.330 24 993
0139 1.000 0.047 1.000 0.347 0.547 0.000 0.000 Q000 0.000 QuO00
10 0.086 1.000 0.121 1.000 0,352 (0.352 0.000 0.000 0.000 0.000 0.000

11 1000 1.000 0.18% 1.000 0.797 0.797 0000 0.000 Q000 0.00:0 QOO0
12 1000 1.000 1.000 023 0. 803 0 0.000 0.000 HELY
13 1000 1.000 1.000 0128 0.782
14 0283 0.113 0.352 Q077 0.6
15 -1.300 0.781 1.000 0830 0.328
16 1000 1.000 1.00:0 0.15G 0.793
17 0054 1.000 1.000 1.0:00 0.774
18 0313 0.214 0.352 020 0.280 (0. 400 0.006 21935 19079 35045 17.941
19 1000 1.000 1.000 1.0:00 1.000 1.0040 0000 0.000 Q000 0.000 QOO0
20 1000 0.106 1.000 0.157 0. 566 (.364 0000 0.000 (.000 0.000 HELY

21 0424 0.146 0211 1.0:00 0.445 0.445 0000 0.000 Q000 0.000 QOO0
22 1000 1.000 0006 1.0:00 0.752 (0.752 0000 0.000 (000 (.00 HELY

23 2351 0.505 1.000 1.0:00 0. 664 0.664 0000
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24 0.15% 0.125 0.00% 151 0.153 (.40 0014 23450 15.489
25 0.0046 0235 0148 0139 0.155 0400 0013 3T 23088

26 1000 0.144 1.00:0 2101 0. 361 (.561 0000 0.000 (000 (.00
27 1000 1.000 1.000 0117 0.779 0779 Q000 0.000 Q000 0000 QOO0
28 1000 0201 0242 0276 0.452 (452 0000 0.000 (. 000 0.000 HELY
29 1000 0.3 1.000 0.1%4 0.602 0.602 0.000 0.000 Q000 0.000 QLO00
1000 0.156 -0.020 0.156 0.323 0.578 0000 0.000 0.000 0.000 HELY
0143 0.101 0132 1.000 0.344 0400 0003 Jg06s 26805 35139 QOO0
0105 1.000 0.10% 1.000 0.354 0.334 0000 0.000 0.000 0.000 HELY
Q137 1.000 0121 1.000 0. 363 0.565 0000 0.000 Q000 0.000 QOO0
0018 0.132 1.000 1.000 0. 338 (.338 0000 0.000 0.000 0.000 HELY
0152 1.000 0078 1.0:00 0.353 0.553 0000 0.000 Q000 0.000 QOO0
0. 106 0.083 0118 0093 0.103 (0. 400 0.016 25881 2270 28733 X683
0150 1.000 0184 0.148 0.365 0400 LELL P 28180 Q000 39868 31.952
0.33% 1.000 0.013 1.0:00 0.588 (.588 0000 0.000 0.000 0.000 HELY
0147 0.207 0093 02 0.165 0400 0013 22338 31434 14057 32131
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0109 1.000 0.1%1 1.000 0.575 0.613 0000 0.000 Q000 0.000 QU000
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