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Abstract

The highways network is the backbone of every national trans-
port system and plays a strategic role in a country s economic
development. With regards to the large investments, oper-
ational and maintenance costs that it requires, sound asset
management and a thorough economic appraisal of invest-
ments are of high importance. Therefore, it is appropriate to
analyse and possibly modify existing methods for evaluating
the economic efficiency of road construction and asset man-
agement at the scientific level, with the support of the real
practice experience. Our research concentrates on an eval-
uation of the current approach to the asset management of
the transport infrastructure, methods of economic appraisal,
incorporation of the LCCA
agenda and an evaluation of environmental and social aspects

their consecutive improvement,

in the investment decision process. Consequently, it focuses on
the possibilities for improving the effectivity of these aspects
through the proposal of very concrete measures based on the
results of our research and the experience of real practice

management construction.
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1 Introduction

This research paper deals with the major deficiencies in the
current investment decision processes of the highway network,
with the major problems and ineffectiveness in the consecutive
phase of realisation and the subsequent effort required to man-
age all the assets properly. The overall approach of this research
paper is to examine the possibilities for improving the effective-
ness of this investment decision process and realisation phase
through the proposal of very concrete measures. In substance, it
concerns the purposeful synthesis of proper asset management
with a more effective investment programme to achieve higher
infrastructure quality. Although this paper depicts the current
road infrastructure situation in the Czech Republic, talks about
local state offices and agencies and uses local transport infra-
structure data, it also analyses global experiences; its findings
aspire to be of general validity and applicability.

Current importance of this topic is also given due to the cur-
rently increasing production of the construction segment and
the present situation of financing the construction of roads and
highways. Regarding the volume of investments, it is favour-
able mainly due to various European Union funds (Cohesion
Fund and European Regional Development Fund). These funds
are primarily to support routes, which should become part of the
Trans-European Transport Networks (TEN-T). Czech Republic
has committed to complete the TEN-T routes’ infrastructure by
2030. This is to be carried through the European Union’s frame-
work of Transport Operational Programme. This means, that
until 2030 Czech Republic should almost double the length of
its motorway and highway network - from the actual 1242 km to
2180 km. Unfortunately, availability of these European Union
resources to such an extent is limited by the year 2023 (MDCR,
2015). To secure the sustainability of the development to the
pre-set speed of the construction even after this date, when
financial resources will rapidly decrease, a significant change
in the overall approach and consequently a significant increase
in effectiveness is needed. This can be achieved only through
increased emphasis on economic, procedural and managerial
aspects of both phases of road infrastructure construction — the
investment decision process and construction realisation phase.
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To achieve a better understanding of the current practice of
appraisal of the economic effectiveness of highway (respec-
tively road) projects, we also analyse one such appraisal — an
output of widely used HDM-4 software and the way its results
are understood and interpreted.

2 Approach to economic appraisal of the investment
Based not only on the vast experience of the American and
Czech state highway agencies, the main goals and areas to be
considered during the highway investment’s economic effec-
tiveness appraisal are as follows:
» transportation system efficiency — improvement of its re-
liability and efficiency;
» cargo movement and support for economic development
- improvement of the road network capacity and regional
interconnection;
+ traffic safety — to significantly reduce human fatalities
and injuries due to traffic on all roads;
» traffic congestion reduction - significant reduction of
congestion on the road system;
* infrastructure asset development — maintenance, repair
and rehabilitation strategy of all roads and structures;
+ environmental impacts — minimise the impact of
transportation on nature, environment and population
(FHWA, 2014).

Without proper consideration of all these criteria, the invest-
ment decision-making process cannot be complete.

The current method for evaluating the economic efficiency
of road construction is carried out using the methodology of the
Czech Road Assessment System (CSHS). For the actual eco-
nomic assessment, CSHS methodology is determined by the
software tool HDM-4, developed by Birmingham University
(United Kingdom) with support from the World Bank (Cihak
et al., 2013). Thanks to its complexity and flexibility to include
a high number of factors and inputs, this software is used in
many European countries (Schneiderova Heralova, 2011).

However, there is a significant problem to this widely used
assessment tool — or, possibly, a problem of this whole assess-
ment approach. It also has to implement data and information
that are more of a qualitative and sometimes even intangible
nature -it is very hard to quantify the value of safety, human life
or environmental impact. Although, the tool works mainly with
the data of a quantitative kind, more appropriate for economic
appraisal. However, very often it is that small portion of men-
tioned soft data that can change the whole result of the analysis
and the choice of the accepted variant of the projected invest-
ment. The result of the analysis is very sensitive to these data
inputs and can be influenced marginally by an artificial change
in these qualitative indicators. Such a possibility to affect an
overall result of the analysis by “tweaking” mentioned soft data

is a major problem itself. An analyst should not have the option
to decide over the results of the analysis. Based on the above,
it seems that toFig achieve a reasonable level of comparability
of individual investment projects, it is necessary to standardise
the quantification and financial appraisal of these qualitative/
intangible criteria.

It is not only the intangible nature of such inputs that need
to be processed for a quality and complex evaluation of the
economic effectiveness of an investment project; the assess-
ment of environmental and social (E&S) costs associated with
both highway construction and rehabilitation operations is
faced with several further challenges as Surahyo and El-Diraby
(2009) suggest:

* Lack of clear definitions: there is no clear and agreed
upon definition of the E&S costs. This could be attributed
to the subjectivity of the domain itself and the fact that
this is an evolving domain of interest to decision makers;

* Ambiguity in identifying relevant costs: there are no stan-
dard means to identify which costs apply to each project.
There is also no clear means to link specific project tasks
to certain environmental/social impacts;

* Unclear boundaries: there is no agreement on the geo-
graphical extent of the E&S impacts of highway con-
struction. While some researchers have considered the
macro/global impacts, others have only considered the
micro/immediate impacts;

* Inconsistent estimation methods: some methods use
socio-economic approaches, while others use pure
technical/engineering approaches. There is a clear in-
consistency in the methods used by researchers and prac-
titioners to estimate these costs. This is not simply due to
the subjectivity of the domain, but is also a reflection of
the disagreement on the extent of the impacts of a high-
way project on the surrounding environment;

* Every project takes place in different environmental and
social conditions, and so the E&S impacts will also differ
as will the costs. It is, therefore, unfeasible to develop
a universal standard to address the challenges above,
especially research and implementation assessing and
mitigating E&S impacts, which are still evolving. An im-
portant step towards establishing more rigorous solutions
to the challenges of E&S impacts is to consistently and
effectively document knowledge gained by researchers
and practitioners in dealing with them.

Considering these points and that every single project’s E&S
factor entering the economic evaluation will be, to a certain extent,
different, creating a database that would allow the collection of
both - all the practically discovered and theoretically expected/
calculated costs — would be a good step to make economic evalu-
ation more precise and comparable between each other.
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Table 1 HDM-4 output (in millions CZK; source: own research)

Zero Variant (currents state)

Costs
Year Managment Operational Travel Time Accidents Extermalities Total Total
2016 0.79 19.32 18.26 1.62 7.02 47.01
2017 0.65 18.76 17.53 1.57 6.65 45.16
2018 2.48 18.03 17.22 1.50 6.35 45.58
2019 0.61 17.48 16.65 1.47 6.01 42.22
2046 0.16 5.51 5.36 0.46 1.59 13.08
2047 0.14 5.21 5.15 0.44 1.52 12.46
2048 0.14 4.70 4.89 0.42 1.44 11.59
Total: 15.28 362.36 349.88 30.78 115.56 873.86
Proposed Variant
Costs

Year ~ Management Operational Travel time Accidents Extermailities Total Total
2016 18.72 19.32 18.26 1.62 7.02 64.94
2017 47.60 18.76 17.53 1.57 6.65 92.11
2018 39.20 18.03 17.22 1.50 6.35 82.30
2019 0.87 17.02 13.06 1.62 2.65 3522
2046 0.21 5.41 4.20 0.59 0.74 11.15
2047 0.20 5.10 4.01 0.49 0.71 10.51

2048 -6.66 4.59 3.80 0.46 0.69 2.88
Total 116.27 353.67 286.66 33.85 62.05 852.50
Net Present Value 10.90

Internal Rate of Return 6.10%
Benefit-Cost Ratio 1.2115

3 Assessment tool HDM-4

Birmingham University developed the HDM-4 software with
support from the World Bank (WB). Its primary task is to assess
the economic efficiency of transport infrastructure projects, but
thanks to the comprehensive evaluation, it also includes other
modules focused on technical aspects of the project. From an
economic point of view, the software is based on the principle of
comparing zero variants (current status) with new variants, com-
pared to main economic indicators as follows:

e Net Present Value (NPV),

* Internal Rate of Return (IRR),

* Benefit-to-Cost Ratio (BCR).

Coming out of these standard and widely recognised indica-
tors, we can compare two or more options and decide on the most
effective solution. Overall assessment of the project is primarily
based on societal benefit (Schneiderova Heralova, 2015). Thus,
the actual assessment will also include costs that are not only of
an investment and operational nature, i.e. of qualitative/intangi-
ble nature as mentioned before, but which represent a significant
problem regarding their valuation.

From an economic standpoint, the most interesting output
from HDM-4 is the sum of the project’s discounted flows. An
example of such an output is shown in Table 1 below. There are

two basic groups of costs. The first group consists of costs asso-
ciated with the transport route’s operation. These are mainly the
costs of maintaining the roads, traffic vehicles (fuel, spare parts),
accidents (material damage and human injury) and travel time. In
the second group, there are costs (externalities) related to envi-
ronmental impacts. These are the costs of air pollution, excessive
noise and exhaust fumes (CO,).

Table 1 represents an example comparing the two variants of
the project. It compares the baseline scenario, i.e. how the sit-
uation without the projected changes and the proposed variant,
which represents an investment opportunity. This project is the
construction of a 4-km village bypass with the necessary anti-
noise measures (barrier). Construction costs were roughly deter-
mined to CZK 110 million. Other necessary information was
obtained using the combination of data from the Czech state high-
way agency (RSD), HDM-4 and the Exnad model to calculate the
externalities. The project was evaluated for a 30-year period of
operation. The main criterion for assessing whether the project is
economically viable is an indicator of IRR, which has to reach a
greater value as the discount rate itself. During evaluation of the
project (resp. of the proposed variant), IRR reached 6.1%, while
the fixed discount rate was at 5.5%. This made the proposed vari-
ant acceptable and meant that it represented savings for the whole
society, ultimately resulting in the project’s implementation.
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The decisive moments of the overall evaluation of this variant
were the total time savings found, the reduction of noise pollu-
tion and general environmental impact.

The very tight result also proves the previously mentioned
problem of sensitivity of the qualitative and intangible data
valuation with this appraisal approach. Subjective valuation of
such inputs represents a danger to the whole otherwise very
sophisticated tool and approach.

A possible way of making the factors mentioned above,
entering the evaluation, more precise is through their unifica-
tion, respectively their comparability to the greatest extent pos-
sible, as proposed above.

Practical means to achieve this and to make the desired eco-
nomic evaluation’s criteria more exact is to create a database
of all the costs of this nature that would be accessible for all
involved parties. A technical solution via an online accessible
database is probably the most practical if it would allow users
not only to access all the data (i.e. its costs) similar to their indi-
vidual project but also to contribute to the database by upload-
ing and sharing their data.

4 Life-cycle costs analysis

The life-cycle cost analysis (LCCA) technique is commonly
accepted as a useful investment/project evaluation tool. LCCA
one of the most current topics not only in road construction.
It evaluates the costs associated with the project from its ini-
tial preparation until its dissolution. It helps to find the optimal
variant of the project throughout its life-cycle. Complex LCCA
reflects all the economic variables fundamental to the evaluation
- user costs like travel time consumption/delay, safety costs con-
nected with maintenance and rehabilitation projects, agency cap-
ital cost, and life-cycle maintenance costs. The need to optimise
the cost of construction and operation in the current environment
of rising energy prices and the deepening pressure on savings
and cost-cutting is increasingly popular. The standard means for
determining the LCCA is the Net Present Value (NPV), which
represents the present value of future costs incurred during the
project’s life-cycle; as an optimal variant from the assessed
scenarios, it is that with the lowest final present value of future
costs. However, there is a problem with selecting an appropri-
ate discount rate, in addition to some technical problems with
the LCCA’s implementation. Acquiring credible supporting data
and information, including the data on traffic or projecting future
traffic flows are one of them. Despite such technical difficulties,
the limited research carried out and the understanding achieved
of this complex concept, the LCCA has the potential to provide
us with valuable data and conclusions.

Fig. 1 shows the LCCA of the new motorway sections in the
Czech Republic (without the liquidation phase). In the trans-
port infrastructure construction - unlike in conventional build-
ing or heavy construction - the largest costs are associated with
the investment phase of the life-cycle. The fact that roughly

two-thirds of all the costs are connected with the project’s capi-
tal investment phase gives us a great opportunity to reach sig-
nificant savings exactly through increasing the effectiveness of
the investment decision process and the design and construc-
tion realisation phase.

70%
60%
50%

40%

Operational
Costs

Maintenance
Costs

Capital
Investment

Fig. 1 Life-cycle costs in highway infrastructure construction

(source: own research)

5 Effectiveness of the realisation phase

Disclosing the infrastructure projects’ construction business,
it is essentially a very attractive business because of the relative
ease of achieving extraordinary gains. It derives from the princi-
ples of the “measured contract” when the price of the executed
work is determined by multiplying the price per unit and the num-
ber of these units made (Hromada et al., 2014). This approach
applies to civil engineering in general.

It is the work not really executed that can be the source of
above-average profit. This is the case when reported quantities
are larger than actual and where there is an artificial increase in
unit prices through change management. For example, a very
common situation — billing for the extraction and transportation
of 150 thousand m® of soil instead of the actual amount carried
out, say 100 thousand m?. Also, not for the contractual unit price
per m®, but for the price, increased via change management for
inclusion into another class workability (e.g. due to different geo-
logical conditions).

Such behaviour patterns of the suppliers of engineering struc-
tures can be quite effectively faced with a combination of these
essential measures that we propose and methods and practices,
time-proven in the rest of the world:

* Flawless project documentation incorporating maximal
standardisation of all the project’s sections (especially
those most costly, when designed and built/produced, i.e.
bridges, tunnels and anti-noise barriers). Thorough digi-
tal scanning of the terrain and application of Building In-
formation Modeling (BIM) to not to leave much space for
any major contract changes during construction. Regular/
repetitive frequency of such three-dimensional scanning
is also a way to gain an overview and control of actually
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processed quantities (of soil, for example) and a chance
to increase fairness of billing with the contractors;

* Correct cost estimate of all individual items (control
budget) of the design based on an exact bill of quantities
prepared by the Highway Agency itself and based on its
own cost database (i.e. outsourcing of any of these ac-
tivities being unacceptable, e.g. using designer’s bill of
quantities). Consecutive realisation phase being in accor-
dance with accepted cost estimates and bill of quantities.
Project manager’s personal responsibility for these tasks
being of crucial importance;

» Evaluating competing bids based on the state agency’s
own flawless control cost estimate (budget) and rejecting
those bids of abnormally low or high values (£10-15%
against the control budget). Such an approach also elim-
inates most of the bidders’ reasons to appeal against the
results of the tender;

* Objective, independent and incorruptible execution of
own technical supervision (supervisor/engineer) regard-
ing performed quantities and approved changes to design
during the realisation phase;

e Confirmation of performed quantities and approved
changes to design during the realisation phase by an inde-
pendent authorised subject (quantity surveyor / technical
supervisor) beyond the usual extent. An additional third-
party subject with the lowest possible probability of ties
with the contractor is financially favourable especially on
larger projects;

* In a sensitive area of environmental protection, a clear
need for many environmental measures is often a matter
of opinion and is hard to determine with certainty. At the
same time, such measures are often financially demand-
ing. To counter the above mentioned with financial re-
sponsibility and to act in accordance with valid EU direc-
tives, an investor should choose an approach of so-called
Adaptive Management;

* Applying any environmental protection measures or de-
sign variations based on the proportion of probability of
a phenomenon and not in the form of a precaution holds
potential for significant savings in comparison to current
practice;

* Legal option to foreclose from any further new project
tenders those contractors that are in any form of dispute
over any past project with the state. Although this princi-
ple has proven its efficiency in various states in Europe,
it is still not being implemented into the legal codes for
public contracts of most of the states. When implemented
and practised, it significantly improves the bargaining
position of the state. It also fundamentally regulates
the behaviour of contractors towards the state agencies,
bringing it closer to the standards of behaviour/relation-
ships of the owner-contractor in the private sector.

6 Asset Management System

There are various types of assets that a public transportation
agency needs to manage to meet the needs of their founders and
users, i.e. to meet public, agency, and legislative expectations
in general. Physical transportation infrastructure is, without
doubt, the most obvious one, but agency’s human resources,
know-how and experience, financial capacity, real estate, mate-
rials stocks, equipment and vehicle fleets, and corporate organ-
isation, data and information also need to be optimally man-
aged. The referred to a variety of transportation infrastructure
and its administrating public agency’s assets, make their man-
agement (further unified under a Transportation Asset Manage-
ment term or TAM abbreviation) a task requiring a truly strate-
gic approach. That infrastructure assets serving the public can
also be owned and managed by private enterprises is not further
researched in this paper as it is not subject to public spending in
a continuously managerial/administrative meaning.

No matter what country’s transport network needs to be
dealt with, the objectives and benefits of asset management
implementation are:

» To build, preserve, operate, and reinvest in facilities more

cost effectively with improved performance;

» To deliver to an agency’s customers the best value for the

public tax money spent;

* To enhance the credibility and accountability of the

transportation agency to its governing executive and leg-
islative bodies.

To successfully meet all these obligations, needs a system
so that, in turn, all the following activities and duties are met.
These range from initial information acquisition, planning and
programming to the execution of new construction, its main-
tenance, rehabilitation and renovation; or from the details of
individual project design and construction to periodic in-service
monitoring and evaluation and financial management. Accord-
ing to Uddin et al. (2013), such a system should ideally coordi-
nate and enable the execution of all activities so that optimum
use is made of the funds available while maximising the perfor-
mance and preservation of infrastructure assets and provision of
services. It would serve all management levels in the organisa-
tion (public or private) and would be structured to be adaptable
to all of its infrastructure. In other words, it would be general in
scope and incorporate particular models, methods, and proce-
dures needed for specific types of infrastructure.

In the past, several years, transportation agencies through-
out the world have engaged a more strategic view of managing
facilities, referred to as transportation asset management. Trans-
portation asset management drives a more broadly defined,
strategic approach to resource allocation decisions across all
transportation assets. It provides a framework for an agency to
make decisions on investments in new capacity, improvements,
preservation, and operations based on better information and

Improving the Effectiveness of Public Spending on Transport Infrastructure

2017 48 1 69



in a more holistic and proactive way. Asset management helps
build a financial awareness of the importance of transportation
assets, economically, socially, and technically. It represents
fundamental principles of good practice that can be applied
by agencies representing different organisational structures,
management philosophies and culture, demographic and geo-
graphic influences on transportation demand, funding situa-
tions, and institutional relationships (NCHRP, 2002).

However, transportation asset management entails more than
just a mixing of existing procedures or compilation of existing
data. A comprehensive asset management approach may entail
change in how an agency conducts business, reaches decisions,
collects and processes data, and communicates information.
Good asset management thus requires a strong technical and
informational basis that supports effective business processes
and well-functioning channels of communication within the
agency’s organisation and with external policy bodies, custom-
ers, and other interested parties (NCHRP, 2002). There are also
many external factors affecting TAM system like budgets, deci-
sion criteria and maintenance policies, together with non-quan-
tifiable agency policies, including political climate, environ-
mental stewardship, and sustainability considerations (Surahyo
and El-Diraby, 2009).

Implementation of a proper transportation asset management
system will surely provide many benefits through decreased
costs on operational and maintenance expenses, bringing eco-
nomical solutions, delivering better service to the public (i.e.
its users), and bringing increased management accountability.
Nevertheless, according to the research conducted for the Amer-
ican State Highway Agency (NCHRP, 2002), its implementation
will be problematic in any state’s conditions, with the following
main obstacles, both institutionally and technically.

Institutional Challenges

» To integrate decision-making and allocation of resources
across asset classes.

* To combine the financial, management, engineering, and
operational perspectives of a department within this de-
cision process.

» To define system performance measures that reflect cus-
tomer perspective and user costs effectively.

* To secure senior management support and leadership
throughout the period of asset management implementa-
tion, which may extend over several years.

» To develop new public and private sector roles that en-
able an agency to fulfil its mission in the face of change,
and to implement these roles effectively.

» Technical Challenges

» To integrate legacy systems and stand-alone databases
established for individual asset classes or functions.

*+ To develop comprehensive, GIS-compatible, enter-

prise-wide databases that better serve asset management.

* To create next-generation management systems or spe-
cialised analytic tools that support a wide range of what-if
analyses reflecting different budget and performance as-
sumptions (e.g., for trade-off analyses).

* To improve life-cycle analysis methods and incorporate
them fully within planning and programme development.

» To strengthen transportation system monitoring capabil-
ities and use of this information for programme evalua-
tion and policy formulation.

For the administrating agency to be successful in infrastruc-
ture asset management in general, above the stated challenges,
are those issues that it needs to overcome to successfully imple-
ment a properly functioning transportation asset management
system and so to become economically effective in this area of
public spending.

7 Summary and conclusions

There are significant inefficiencies in the current decision
process regarding investments in the road network. There are
different methodologies in the investment decision process
(based on a location), but for the actual economic assessment
of the project, it is the software tool HDM-4, which is most
widely used. Thanks to its complexity and flexibility to include
a high number of factors and inputs, we have found this tool as
suitable and verified in a case study. However, the main defi-
ciency found was not found to the software but to the general
approach to the assessment within every investment unit (i.e.
resort or a country). The main inconsistency is in the various
types of data that have to be processed. Both, standard techni-
cal and financial data and at the same time information that is
of a qualitative and intangible nature have to be included in the
decision process. Though technically possible, different results
based on the latitude of input data values are the problem. This
is due to inconsistency in the valuation of those qualitative/
intangible data. It is only proper and consistent unification of
this valuation for all the projects assessed within every invest-
ment unit/area/country, that can improve inter-comparability
and quality of the resulting investment decision. Based on the
above said, it is evident that to achieve a decent level of com-
parability of individual investment projects, it is necessary to
standardise the quantification and financial appraisal of these
qualitative/intangible criteria. A possible way to unify and so
make such evaluation criteria more exact is to create a database
of all the costs of this nature, which would be accessible for all
involved parties. Technical solutions via a generally accessible
database are probably the most practical if it allows all its users
to not only access information (i.e. its costs) of all other eval-
uated projects but also to share their data, results and findings.

Further analysing the structure of the life-cycle costs in
highway construction projects, we affirmed that complex
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life-cycle cost analysis technique has the potential to provide
us with valuable data and conclusions. The fact that roughly
two-thirds of all the costs are connected with the project’s cap-
ital investment phase evidently represents a great opportunity
to reach significant savings through an increased effectiveness
of the investment decision process and design and construction
realisation phase.

Regarding the realisation phase of the road infrastructure
investment project, we targeted major problems and ineffec-
tiveness. Based on the practice of project management in this
type of project, we summarised the areas that lead to economic
inefficiency most often. We proposed a set of essential mea-
sures, methods and practices to face them effectively. Those of
being highest importance are as following:

» flawless project documentation incorporating maximum
standardisation, thorough digital scanning of the terrain
and application of Building Information Modelling; to
decrease the volume of major contract changes during
construction, and increase control of actually processed
quantities and to increase fairness of billing;
investor’s control budget prepared based on his bill of
quantities and cost database; project manager’s personal
responsibility for the control budget and its accordance
with the consecutive realisation phase;
evaluating competing bids based on the investor’s flaw-
less control budget and rejecting those bids of abnor-
mally low or high values by a pre-set strict rule;
execution of own technical supervision, i.e. no outsourc-
ing being acceptable for this task;
if needed, employment of an additional third-party autho-
rised subject for the higher-level technical supervision;
applying any environmental protection measures or de-
sign variations based on the proportion of probability of
a phenomenon and not in the form of a precaution;
legal option to foreclose from any further projects ten-
ders those contractors that are in any form of dispute over
any past project with the state to significantly improve
the bargaining position of the investor and to standardise
contractors’ behaviour towards him.
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