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1. INTRODUCTION

11 Background

The Southern Africa Development Community (SADC) road network of gpproximately 932,000 km
(excduding the Democratic Republic of Congo and the Seychdles) is one of the Community’'s
largest public sector assets with current replacement costs estimated at approximatey US$50
billion. Productivity in virtudly every sector of the Community’s economy is dafected by the
quality and related performance of the road system. It is therefore essentid that this vitd and costly
aset be managed efficently and effectively, invariably within a condrained budgetary Stuation, in
support of socio-economic development and growth.

Unfortunately, despite the subgtantid investments that have been made in the past in road transport
infradiructure, inefficient management coupled with inadequate funding has led to deteriorated road
conditions and increased transport costs in many SADC countries. What has now become
abundantly clear is that the traditiond approaches to road management and financing, which have
rlied on managing roads through a government department and financing them through generd
budget dlocations, have generdly not worked. Moreover, the prospects for improvement under the
exiding circumstances gppear to be virtualy non-exigent. Thus, there is now an urgent need for a
radical change in approach, which recognises that roads in the SADC region are “big business’ and
must be managed and financed aong more business:-like principles.

In accordance with the man thrus of SADC's Protocol on Transport, Communications and
Meteorology, and in kesping with worldwide trends, the function of roads agencies in the SADC
region is now being focused on the ‘client roleé which concentrates on the core busness of
managing road networks efficiently, effectivdy and in an environmentdly sudainadble manner.
Much as this is a welcome development, the task of managing a road sysem in an optima manner
dill remains a technicaly complex one, particularly where there are competing demands for limited
resources. Fortunately, this task can be greatly amplified by employing an appropriate “systems
enginering” approach in combination with modern day “management” techniques. Such an
gpproach has resulted in the development of asset management systems that are increasingly being
ued in many roads agencies for providing a systemdic process for maintaining, upgrading and
operating the physicd assets under their repongbility in an optima manner.

Againg the above background, the objectives of this paper are to introduce the concepts of asset
management, to highlight the potentid benefits of operating asset management systems by roads
agencies and to outline the drategy proposed by the SATCC Technicad Unit for the development
and implementation of such sysgems in the SADC regon. The paper adso illustrates how such
systems can be operated to assst roads agencies in managing their road networks efficiently and
effectivdy by adopting drategies and implementing programmes that dlow them to utilize avalable
fundsin an optimal manner.
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2.  ASSET MANAGEMENT

2.1 What is Asset Management?
Asat management has been defined as.

“...a gydematic process of mantaning, upgrading and operating physcd assats effectivdy,
combining engineering principles with sound business practice and economic theory and providing
tools to facilitate a more organized, logica gpproach to decison making.”

(US. Feded Highway Adminidration,
1996)

In its broadest sense, asset management may be viewed as a comprehensve process that employs
people, information and technology to dlocate funds effectivdly and efficiently amongst competing
asset needs based on defensble principles that are technicaly, economicdly and environmentaly
sound.

2.2 Componentsof an Asset M anagement Systems

Management systems of various kinds have been around for a number of decades now. However,
the older generation systems have generdly concentrated on just a few components of the overal
road system — traditiondly the pavement component — which controls probably less than haf of any
roads agency’s budget. Moreover, they have tended to be stand alone systems with independent
databases operated independently of each other and have often lacked economic optimization
procedures for determining the optimum distribution of funds across the total road network.

What sets current generation asset management systems agpart is the merging of these single-asset
gysems into an integrated whole. This merger of individua management systems provides roads
agencies with consgent sysemwide daa, enabling them to dlocate avalable funds across
competing pavement, structure and other infrastructure needs (1).

Conceptudly, an assst management system consss of a number of inter-related components that
collectively integrate into a loosdy sructured sysgem that  dlows full  functiond integration
between the Information System and the Decision Support Systems (DSS) asillustrated in Figure 1.

DSS = Decision
Support
System

<«—— Data Transfer

Figure 1- Conceptual Framework of an Asset M anagement System



As indicated in Fgure 1, an asst management system framework comprises two mgor
components.

an information system, which collects, organizes and manages data and information;
decision-support systems, which comprise gpplications modules to process data and provide the
information on which decisons can be based and ultimately implemented.

A comprehensive asset management system should aso address a broad range of procedures and
outputs and, in so doing, it should:

include both inventory information and condition measures,

include a performance prediction cgpability;

integrate databases to ensure data integrity and enhance data bility and compatibility;

use life cycle cogt andysis with dl its components

consder system optimization versus project optimization;

output useful information on a periodic basis

2.3 Capabilities of Asset Management Systems

In principle, as a decison-meking tool, an asset management system is capable of providing
decison support for a number of activities undertaken by the roads agency such as pavement
management, bridge management, traffic 9gns management, etc, at dl three leves of management,
namely, policy/executive, planning and execution. In 0 doing, an asst management system would
include ahility to:

determine the required funding level to meet a specified sandard;

plan network improvements according to budget congraints;

determine the effects of deferring maintenance on upkeep and road users costs,

determine the effects on users cogts of railsing/lowering the quaity standards of road pavements,

Technicdly, an asset management system should:

select the most cost- effective methods of maintaining road assets,

predict future performance of various road assets and evaduate costsbenefits of dternative
drategies,

learn from past and present facts and figures and improve congruction and mantenance
techniques,

develop maintenance strategies.

Adminigratively, an asset management system should:
provide comprehensive road network information
predict long-term road asset performance for given funding levels
determine backlog requirements

24 Benefits of Asset Management

Assst management offers significant benefits to both the roads agency and the public sector,
including road usars, by dlowing the agency to harmonise the technicd, financid and politica
factors that affect their investment decisons. The assst management gpproach makes use of timely,
integrated and vaid corporate data and is capable of prioritizing investment options and assessing
thelr impacts within the context of a defined st of objectives. In this regard, as will be illusrated in
Section 4 of this paper, asset management systems can be used for a variety of purposes, a various
levels of the roads agency, to evauate the outcome of pursuing aternative Strategies and to provide
the data needed for consdering arange of policy issues, including:



Determining gppropriate drategies for managing the road network in optima condition and the
associated funding requirements;

Highlighting the implications of obtaining less than less than optimum funding in terms of the
additiond total cods of using the highway system;

Optimising expenditures among various components to get the best vaue for the overdl asst;

Providing reporting information to budget andyss and executives in a quantified manner and
indilling confidence that the chosen management drategies are rationd and represent best vaue
for money;

Enhancing the credibility of the roads agency’ s decision-making processes,

Putting management tools into the hands of a broad range of front-line gaff and involving them
in decison-making processes.

The potentiad benefits of pursuing assst management practice with the use of gppropriate
management tools will only be fully redised to the roads agency if its drategy is implemented fully
and practiced and eva uated regularly for fine-tuning and improvemen.

2.5 Impetusfor Introducing Asset M anagement

The impetus for introducing asset management as a process within the operations of a SADC roads
agency sems from a number of factors, including:

the need to employ amore systematic and commercia gpproach to managing the road asset;

exiding budgetary condraints and the need to optimize network performance and return on
iInvestment;

an increasing need for roads agencies to report the condition of thelr assets usng acceptable
public accounting procedures, methods and formats,

the public's demand for more trangparency and greater accountsbility in the expenditure of
scarce public funds;

increased participation of the private sector in asset provison and maintenance.
2.6 AssetstobeManaged
The physcad assets to be managed by a roads agency would normaly consst of a range of

components with subgtantidly different initia costs, maintenance costs and deterioration rates and
would typicdly indude the following:

Road Infrastructure Assets Other Physical Assts
- pavements - road reserve
bridges - borrow pits
culverts - vehides and equipment
drainage structures - buildings
traffic 9gns - communication equipment

road marking and road reflector studs
fendng



3. THE SADC STRATEGY FOR UNDERTAKING ROAD ASSET MANGEMENT
3.1 General Approach

There are a number of factors that are specific to the SADC region and place specid demands on
the development of a road asset management system. These factors suggest that the system should
be developed and designed in amanner thet is.

Affordable and appropriate to the decisornr-making needs and scarce human resources normally
avalable within the adminidgrative and inditutiond environment of a typicd SADC road

agency,

Applicable to widdy differing inditutiond circumgances ranging from large to smdl road
agencies with strong to wesk ingtitutiona capabilities and funding;

Appropriate for dense to sparse networks with high to very low traffic volumes,

Flexible for saged deveopment and implementation to suit the changing circumstances of the
roads agency;

Conformable and integrable with the day-to-day activities of the roads agency;

Sustainable with scarce human resources.

3.2 System Design

Based on the above criteria, a system design concept was established within SATCC (2) which
consss essentidly of an integrated, modular, computerized system in which a centrd or core
database (the Information System) is linked to and interacts with a number of Decison Support
Systems (see Figure 2) that can be operated to achieve a number of objectives. Ultimately, the
sysdem framework can encompass a variety of Decison Support Systems to suit the country-
specific needs of SADC roads agencies.

The integrated, modular approach for road asset management adopted in the design of the SADC
system offers the following important advantages.

Intheindividuad SADC country context:

Undertakes totd infrastructure management in a comprehensive and coherent manner;

Allows Decison Support Systems to be introduced separately as and when required without
affecting the integrity of the sysem;

Benefits from data integration and centralized maintenance and upkeep of a common database,
induding centralized updating;

In the regiond SADC context:

Allows economies to be derived from adopting a common design of the system framework;
Provides common data standards for technica interchange between SADC countries;

Allows common training to be undertaken and facilitates sharing of road performance and user
characteridtics;

Provides a smilar basis for establishing road costs to help in the establishment of equitable user
charges for domestic and trangt treffic.



The asset management framework described above accords with recent World Bank guiddines on
asset management system design (3) that stress the attributes of a modular system development for
staged development to meet the changing needs of a roads agency.
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Figure 2 - SADC Road Management System Framework

3.3 Analytical Tools

To achieve a cgpability for forma economic prioritization and optimization, and to minimize
sysem development time, the World Bank's HDM IV modd is recommended as the preferred
andytica tool for a road assst management system. Veification sudies to assess its gpplicability to
local conditions has led to a number of minor enhancements to the Vehicle Operating Cost and
unpaved road deterioration relationships based on research work carried out in Southern Africa
dnce the Brazilian sudy (4). Ultimady, however, the invedigations caried out have shown that,
with basc loca/regiond cdibration, HDM-IV remains probably the most rdiable quantitative basis
for highway project and program gppraisals in Southern Africa (5).

The successful operation of a RMS requires that:

- there isacommon reference for dl sub-systems

- updating (data collection) procedures must be undertaken regularly

- higtorica data must not be lost in the process of updating

- security of the systems/data must be safeguarded

- aminimum complement of gaff isavailable to operate the system

- training and updating of knowledge is undertaken on a systemétic basis

34 Data Requirements

(a)Data Type: The type of data to be collected for road management purposes depends on the use
to which it will be put in terms of the manageria level of decison-making involved. The data to be
collected can be grouped around various primary functiona levels which can be identified as
follows



Table 1: Functional Levelsof Road Data

Functional Leve Data Usage

Sectora Aggregation of data from the assst management system, eg.
annud highway datidics (inventory, peformance and utilisation,
financid

Network Panning, programming, budgeting

Operationa Congtruction, maintenance, traffic, safety

Research and | Study specific, detailed and precise data required for problem

Deveopment diagnosis

The amount of detall required for the various functiona levels increases progressvely from the
ovedl summary datidics a the Sect ord Leved, where comparatively broad, low-intensty
coverage is required, through to study specific requirements at Research and Development Leve
where very detailed and precise data are required for problem diagnoss and the development of
improved practices and methods.

(b) Data Quality and Detail:  The range of detal required can be classfied into four Information
Qudity Levels (IQL) (2) as shown in Table 2. Two pardle trends are gpparent in the 1QL
classfication sysem. Firdly, Globd, summary-type data required for sector leve datidics is
classfied as IQL-4 and, as the application progresses to network, project and operations level, the
required amount of detall increases, findly reaching IQL-1 for research and development.
Secondly, as the IQL level moves from IQL-1 to 1QL-4, so the scope for smplicity of data and
system requirements and cost implications decrease.

Table2: Useof Information Quality L evels

IQL | Description Application Data Collection
1 Most detailed, Research, advanced | Short to limited lengths or isolated
comprehensive design, diagnosis samples, specidised equipment; dow
except for advanced automation
2 Detalled Project design, advanced Limited lengths semi-automated or
programming, advanced full coverage advanced automation;
planning high speed
3 Summearised Programming, planning, | Full  sample  high  speed, low
data basic design accuracy, semi-automated; or sample
processed
4 Most Sector/network, smple | Manud; semi-automated; processed
summarised planning and | or etimated
programming

4.  TYPICAL APPLICATIONS OF ASSET MANAGEMENT SYSTEMS
4.1 Areasof Application

With the introduction of road tariffs in a number of SADC countries, the source of most of the
roads agency’s revenue, namely the road user public, has begun to display a new attitude to the
risng demand on their pockets. They want to be sure that they are getting vaue for their money. In
such an environment, roads agencies will be required to routindy face both important policy
questions and increasng demands upon the monies alocated to them. What can roads agencies do
to achieve economic efficiency in the management of the road networks for which they ae
responsible, paticularly when they have to face the conflicting objectives of improving road user
sarvice aswell asreducing the cost of providing that service?



As indicated in previous sections, and will be illustrated below, the use of a road asset management
sysem can asSg roads agencies in meeting that chdlenge in four main areas of gpplication (1)
drategic planning, (2) Programme Andyss, (3) Project Andyss and (4) Research and policy
dudies. Each of these levels of agpplication represent successve levels of decison making, each of
which takes decisons a its respective level and assgns a tota amount of funding to the levd below
together with objectives and ingructions to implement these objectives as well as possble and in
greater detall.

In the following sections, examples will be given to illusrate how assst management systems can
be operated at various levels of gpplication to achieve the desired objectives of the road agency.

4.2 Strategic Level Application

The focus a the drategic levd of gpplication is on policy in which the roads agency pursues its
over-riding god of managing the road assat efficiently and cost-effectively. In terms of “best
practicg’ in resource dlocation decisons, the road agency’s goa would typicaly be minimization
of tota transport codts to society. This concept is shown conceptudly in Figure 3 which can refer to
a road network and which indicates the network wide optima road sandard and the budget
associated with that standard.
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Figure 3- Effects of budget and road condition constraints to optimizing road rehabilitation
and maintenance

In Figure 3 the total cost curve T is the sum of the road user costs (D) and road adminigtration costs
(C) which decrease and increase respectively with improving road conditions and has a minimum
cost vaue a P which represents the theoretical economic optimum which minimises the total costs
of road trangport. The shgpe of the curve is very much treffic rdaed in that cost shares under
optima maintenance conditions vary quite sgnificantly in rdation to traffic leves

Should there be under-funding of maintenance, as is the case in many SADC countries, then the
implications would be as dealy illugsrated in Figure 3. If the avalable agency budget is only Bj,
I.e. less than the optimum, then the best the agency can do, if the available money is optimally
spent, is to ddiver a road condition a J. The consequence of this funding condraint is that for the
society, the costs will be J; P:1 which is much more than the minimum socid cost MP. In such a
Stuation, the road users pay more out of their pockets than what is saved in the agency budget.
Worse, if the full costs of maintenance are to be recovered through an appropriate road user charge,



then road users will be paying more for roads whose condition will be getting worse! This gpproach
to network leve intelligence serves the roads agency and road fund adminidtration’'s needs to
inform the public about ther policies and dso provides an informed basis for public debate about
them.

Should the optima maintenance funding required to minimize totd trangport costs not be available,
as is inevitably the case in most countries, what strategy should the roads agency pursue to ensure
that it spends its limited budget in the “best” way? The “best” way will depend on the policy
objectives of the agency. What should such policy objectives be? For example, should they be to:

Policy 1: Fix worgt roads firgt

Policy 2: Conduct maintenance according to a priority index?
Policy 3: Conduct maintenance to maximize pavement condition?
Policy 4: Conduct maintenance to minimize total trangport costs?

An ast management sysem has the capability through the use of optimization techniques to
evaduate the consequences of each policy in terms of thelr impact on such parameters as overdl
network condition, long-term changes in the networks's asset value, totd transport costs or vehicle
operating costs. Such an analyss was carried out by the Gauteng Department of Transport (6) to
investigate the long-term consequences of the above maintenance policies and budget levels on
ther paved road network. The outcome of this analyss makes interesting reading as illustrated by
Figures 4, 5 and 6 which are discussed below.

Figure 4 illustrates the overal decrease in network condition after 10 years for each of the four
policy objectives evaluated. For each road class, the network condition was calculated based on the
weighted condition and length of each road segment. The graph illudrates that the worst first policy
clearly resulted in the greatest decrease in road condition.
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Figure 4 — Decrease in Network Condition
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Figure 5 — Percent of Network in Backlog Condition

Figure 5 illudrates the long-term network condition in terms of the effect each policy had on the
anticipated backlog. As shown in the graph, the largest backlog, defined as the percentage of the
network in poor to very poor condition, occurs when the worgt-firgt policy is pursued.

Figure 6 illudrates the results of the andyss in terms of loss of asset value over 10 years, per road
class. In this example, the asset value is representative of the resdud vaue & any given time. The
greph illudtrates that the largest lossin asset value occurs under the worst-first scenario.
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Figure 6 — Lossin Asset Vaue

What Figures 4 — 6 dealy illusrate is that the policy objective used in sdecting mantenance
drategies has widdy vaying long-term performance and cost implications on a road network and
its usars. It is therefore essentid that a roads agency sdects a long-term policy objective and
dructures its maintenance policy to achieve its objective. From the output of the various anayses
illustrated above, it appears that policy 3 should be followed if it is the road agency’s objective to
preserve the road network. If on the other hand, the agency grives to minimize transport costs to
society, then it should pursue Policy 4.



4.3 ProgrammeLeve Application

At programme level, the challenges faced by the roads agency is to ensure that the most economica
maintenance or road improvement options are agpplied to individua road sections in accordance
with the chosen drategy adopted from the Strategic level andysis and subject to technical and loca
condrants. Numerous draegies are avalable, each with differing life cycle costs and, ultimately,
differing economic returns on the investment. For example, as illudrated in Figure 7, one Strategy
might be to resed quite frequently whilst the road is in rdaively good condition, while ancther
drategy might be to goply a thin overlay when the road is in rdatively poor condition. These
dternative drategies would be influenced by the type of road, traffic volumes, available budgets,
etc. In contrast, Policy 1 should be avoided at al costs!
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Figure 7 - Alternative Feasible Maintenance Options

To sdect the best drategy a programme leve, optimization techniques can again be usad to
determine the drategy that gives the best economic return for a specified budget (7). Such a
technique dlows dl drategies for each network dement to be plotted on an “economic efficency
frontier” as illugtrated in Figure 8. The most cos-effective drategies are the ones that lie on the
efficiency frontier. For example, in Figure 8, Strategy 3 and Strategy 6 have agpproximately the
same cost , but drategy 6 has dmogt twice the benefits. The dtrategy a the top of the list provides
the most benefits per dollar spent. If the budget dlows, this dsrategy should be sdected, otherwise
the next one down on the efficiency frontier should be selected (Strategy 4).
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Project Level Application

At project leve, the roads agency is concerned with the detailled evaluation of one or more road
projects or investment options. Road sections with user-specified treatments are analysed over a
specified design period to edtimate the engineering or economic viability of the project. This would
normaly entall performing a life cycde andyss of pavement peformance, mantenance and/or
improvement effects together with estimates of road user costs as a bass for choosng the most
appropriate design.

5. SUMMARY

Increased demands for economic efficiency in the use of scarce public funds has engendered a need
for roads agencies in the SADC region to resort to the use of appropriately designed road asset
management systems. Such systems offer the necessary flexibility to underteke various aspects of
road infragtructure asset management in a structured, comprehensive and cost-effective manner.

The modular, integrated framework proposed for asset management systems is based on a srategy
developed within the SATCC-TU. It provides the flexibility to match the varied dructure of roads
agencies in the SADC region and permits a gradua or phased introduction of Decision Support
Systems to match the resources of the roads agencies.

Asset management systems can typicdly be operated at three management levels, namely drategic,
programme and project levels. Each of these levels of application represent successve levels of
decison making ranging from policy/executive to programme andysis to project implementation..

The optimization techniques avalable in moden-day asst management sysems offer a powerful
tool that can be used for policy making. By utilizing such techniques with performance prediction
models, the roads agency possesses a tool with the ability to evauate the long-term impacts of ther
decisons, and will dlow them to fully understand the true cost of their choices.

The successful operation of an asset management system in any roads agency will require top
management  support, adequate daffing resources and sudtainable funding. However, these
requirements are probably a smdl price to pay for the use of a tool which is increasingly becoming
the nerve center of most road agency operations.
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