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FOREWORD

The commission given to the Swedish National Rodthiistration’s (SNRA) Internal Au-
diting department (lA), to clarify the 1989 propdseaodel for accounting of road capital was
drawn up in late summer 1992 by the authority’sbior-General at that time, D. Econ. Per
Anders Ortendahl. In his directive and in discussjdhe Director-General described the
problems associated with overall monitoring andiicof state-administered road manage-
ment and communicating the results to the authsrglitical principal. First and foremost,
he emphasised the needs of process control, contrnaarning and the problems involved in
describing road management’s status and fundindsiieea credible manner.

The decision to expose all operational activitesampetition was accompanied by new
needs regarding operative monitoring and contrebatl management, the development of
the road capital and push, for example, the inglissproductivity development forward in the
client’s organisation. The model that was requestexiild correspond to the requirements
stipulated in the transport policy, be transpaesmt verifiable, and provide relevant informa-
tion to road management’s sub-processes. The assigrwas carried out during autumn
1992 and a final report submitted in December #mesyear. In May 2003, the internal ac-
counting of road capital was described in a dggfbrt together with some examples of its
possible application.

Officials responsible at the Swedish National Audiitice (SNAO) for governmental ac-
counting’s regulatory framework and external audftthe SNRA expressed their support for
IA’s proposed model at a very early stage. In bisaw of the proposed model, Professor
Roland Artle of the University of Berkeley in theSd emphasised the fact that the road capi-
tal should be more clearly linked to the needsexpbctations of road users and other stake-
holders. D. Econ. Per Anders Ortendahl, and D. ENda Bruzelius, acting Director of Fi-
nance at the Swedish National Rail AdministratiorEBon. Leif Hansson, Professor Rune
Wigren and Director of Communications Bengt-Goransson have made valuable com-
ments on the model. Discussions with LicTech Svak-Belsenius, and M. Eng. Per West-
berg have served to deepen knowledge of the presess

Highly stimulating discussions on the model haverbearried on repeated occasions with
Professor Hans Lind, Professor Bérje JohanssorPanfessor Ake E Andersson and the Di-
rectors of the Centre for Operations and Maintead@®U) M. Eng. Hakan Westerlund and
M. Eng. Hans Cedermark. The model has thus beemgi\clearer linkage to the transport
policy’s requirements regarding socioeconomic diveaess and better systematic. Signifi-
cant opinions and comments have been put forwaltteaneetings of the research project’s
steering committee by Director-General B. Econ.d_&nixon and Directors M. Eng. Jan-Erik
Reyier, M. Eng. Hakan Wilhelmson and M. Eng. Lenhamdblad. The SNRA, that commis-
sioned and financed the research project, has seeflithat the thesis will be published in
both a Swedish and an English version. It has therdeen written in Swedish and compe-
tently translated by lan Hutchinson B. Arts. Mampple have contributed information to the
tests of the model that has been carried out aretohave checked the model in detail on the
basis of the SNRA'’s practical prerequisites witthia authority’s implementation project. The
discussions that have arisen have served to fuatheance work on the model. Professor
Lind’s committed support as principal supervisotha research project has been invaluable,
as has his involvement in the text of the thedme &ntire research project has been well ad-
ministered by the CDU.



| would like to express my sincere thanks to &l pieople mentioned above and to everyone
else who has made valuable comments and contrifuttier ways to the work. Finally, my
beloved wife Ingela and our children Ylva, Petrd donas must be recognised for their pa-
tience and active support. We have lived togethtr questions concerning road manage-
ment processes, road capital and effects for reatsusociety and taxpayers for more than 35
years. Without their support and patience the waskld not have been possible. | give them
my heartfelt thanks.

Falun, February 2010

Berth Jonsson



ABSTRACT

Today there are shortcomings in monitoring, contoblyses, learning and reporting of the reslilts o
activities and operations in the road managemertgsses. There are also shortcomings in transpar-
ency and verifiability, in knowledge of road managmt's costs and life cycle costs, of the road-capi
tal's standard and condition and in measures dityjuteficiency costs, productivity and maintenance
backlog.

The starting points for different applications loétmodel are taken from experience of the sub-
processes in practical road management, independahyises of activities, operations and results,
presence at directors’ meetings (in an indepencteoipted capacity) and literature reviews. It is my
belief that the problems can largely be solved witinsparent, verifiable information that is reletva

to the sub-processes. A model has been designbdheitransport policy’s requirements at the focus
for all sub-processes’ applications without repegagrrors as regards internal control, use of stahd
values and index adjustments. For each comporenimbdel provides quality-related information
about its current condition and condition valuejasition value, replacement value and standard
target value with the effects of measures carrigd @hanges in standard and condition of new con-
struction, improvements, maintenance and consumpgta be shown in the model. Information can
also be found on a component’s consumption codéxmadjustment and successively accumulated life
cycle costs. Quality deficiency costs, inefficieeimaintenance backlog, cost drivers, productivity
and, for example, expected funding needs can loelestd by computer. The model has been tested
and this document also describes the model’'s imgheation project at the SNRA.

Most of the road network’s components have beeistergd for a long time in the SNRA'’s road and
traffic data bank as compulsory or optional phenundhe remaining components will to a large
extent be entered automatically. Some will reguiventorying. In theory, the quality-related accbun
ing will thus have access to information about gwedividual component in the entire state-
administered road network. For at least 75% (80%aénimplementation project) of the total value of
the road capital, current condition informationlwiist for each individual component in the road
network. The information, that constitutes “bestitable knowledge” of the components’ current
functional condition, is administered in dedicasghninistration systems and comes from different
kinds of inventories. The values of the remainiognponents can be appraised systematically on the
basis of individually assessed technical lengtlif@fand, for example, planned maintenance. The
model shows that decisions to carry out measumesica be based on “best available knowledge” of
socioeconomic effectiveness, consideration of thérenment, climate and energy in a life cycle per-
spective, customers’ (society’s and road-usergjeetations and political demands for fairness. €hes
requirements are systematically worked into thét Nmlues for “as constructed” and “worst accept-
able condition”. The condition interval between lingit values shows the component’s functional
consumption margin provided that the transportgydirequirements are taken into consideration.

The information makes it possible to consider aimlkate requirements regarding the development of
components’ accumulated life cycle costs in protets. Contractors will have a natural focus on
increased productivity and cost increases in ptejglocould be smaller. The model makes the long-
term planning process more efficient and shortead times. Prices, costs, accumulated life cycle
costs and various types of deviations can be asélygsntinuously to achieve systematic learning from
good examples and failures. In the project follgey-deviations are automatically divided within the
system into causes dependent on time, quantityyaigrice. Control and monitoring with analyses
and learning can be made more effective througbnaaitic monitoring against control limits. The
concept of quality-related accounting of road alhould be a part of the international discussion
around models for Transportation Asset Managemiefi).
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1 OVERVIEW AND INTRODUCTION

11 A short summary

At the same time as Véagverket Produktion begaretexXposed to competition and the Gov-
ernment’s decisiohon its conversion into an independent subsidiarggany came into
effect in 1996, development of road managementrbegsake a new direction. The decision
also meant that the SNRA would be converted intbemt organisation with new prerequi-
sites, for example to gather knowledge of practicatl management and actual prices and
costs. New points of departure would also applyes@mple for driving the development of
production technologies. The problem set was dssaisn depth by the authority’s manage-
ment team prior to its being exposed to competitiori993). Management also took an al-
ready identified neefifor more relevant accounting into considerationead that became
even more important as the authority became atdieyanisation.

The political objectives for road management haer eavne become increasingly complex

and affected many aspects of the authority’s d@s/and operations. It became natural to
think in terms of processes and quality assuraystes in order to be able to handle parallel
issues with internal effects more reliably and écable to strike necessary balances and make
tradeoffs. During this period of sweeping changemsultant was engaged to document and
describe the road management process’s sub-predesgher with personngrom the Di-
rector-General’s staff.

Challenges in improved monitoring and control aochmunication included ensuring proc-
ess control with a focus on socioeconomic effeci@gs and customer satisfaction and the
ability to continuously analyse prices, costs afeddycle costs. The proposed development
would also secure benchmarking and for exampletguedsurance with systematic learning
along Japanese linés The quality-related accounting of road capital¥d deliver informa-
tion to support process control and learning. Tdrecept of quality-related accounting of road
capital should be a natural part of the internaiahiscussion around supporting models for
the “Transportation Asset Management” (TAM) process

In 2007 the Director-General at the timeecided that the model would be implemented. A
project, here referred to as the implementatiofeptpwas initiated. Experiences from the
project are described in more detail in Chapter 8.

In Chapter 1 the road management’s problems aaided together with the research as-
signment’s aims and hypotheses. Appendix 1 givesi detailed background, detailing

! Decision in Government Bill 1993/94:180.

2 |A analyses of operations in 1987 by Berth Jons€tie Kamlén, Alf Lundgren and Rolf Norberg,

IA’s contribution to discussion on 20 June 1988y d\L 60 A 89:1450 by Berth Jonsson and other imdér
auditors.

Financing of the Infrastructure, K 1990:04, ledTmny Hagstrom, Director-General of Televerket, fitrener
national telephone utility.

% Hans Wahlstrom (formerly Johansson) worked togetfiga Jonas Fried at Interpares between 1991 868 1
on documenting road management’s processes. Adlssacy decisions, including a study of roles asgogasi-
bilities (1993 — 1994) to implement more effectread management were to hand in February 1995.

* [Japanese Management. What can we learn?], Ridrmmder Pascale, Anthony G Athos. Contains a ptasen
tion of a 7S model, on which the SNRA’s 8S moddiased.

® Ingemar Skogd, BSc (Econ.)



with some experiences and cultural issues of sggmte for important questions concerning
the quality-related accounting.

The method applied in the research assignmensiwitbed in Chapter 2. There is also a dis-
cussion about the position of research in the fieéd the state of the art), which was a chap-
ter in the licentiate thesisChapter 3 contains the review of Transportatissek Manage-
ment as it was presented in the licentiate thesis.

The quality-related internal accounting model isatided in Chapter 4. The quality informa-
tion is based on “best available knowledge” of comgnts’ socioeconomic effectiveness,
customers’ (society’s and road-users’) expectafifaimess, and consideration for the envi-
ronment, climate and energy. The accounting is lads®d on “best available knowledge” of
the actual current function of the road networlespective physical components. Bridges,
bound wearing courses, footpaths and cyclewaysgaadirails are examples of component
types while an individual occurrence of for examgleridge, e.g. the High Coast Bridge, is a
component. The quality-related accounting deliwefsrmation in current prices but naturally
also contains historical data about acquisitiome@and expenditure for measures for exam-
ple. Price levels are adjusted using constructrarepndexes compiled from resource price
indexes in those proportions that the resourceepriepresent of the total acquisition price of
each specific component type.

Knowledge of the component types’ resource priopgrtions’ can be used in analyses of
each respective type’s consequences for energyatdiand the environment in a life cycle
perspective, to detect effects that should resukeguirements regarding component types
and components’ condition. Socioeconomic calcutetiare made for a few component types
with known correlations between condition and aBdor road-users and society in order to
determine “optimum condition” for measures. Effdaissociety include, for example, road
accidents, noise and emissions, and for road-gssts in respect of journey time, vehicle
and comfort. Limit values for “optimum conditiondif carrying out a measure are defined in
“circumstance algorithms” that may contain one arencircumstances. Circumstances that
can affect a component’s “optimum condition valuelude, for example, type of road, per-
mitted speed, and traffic flow.

The analyses described above of consequencesdayerlimate, the environment, safety
and costs to road-users should be implementedeosottd manager in order to fulfil the re-
quirements of the transport policy. In order fag #nalyses to maintain an acceptable level of
quality and lead to monitoring and control, theyl wiobably need to be made for each com-
ponent type. In these analyses it is not incontdévthat requirements will come to light that
must be taken into consideration in procuremermtsiracts, and upkeep and inspection in-
structions. The quality-related accounting hasgh kiegree of transparency and verifiability.
This means that the analyses must be structurednaented and transparent. Their scope
will probably vary between the different componsptes.

Customer satisfaction can be determined in resgemponent types’ condition as a “worst
acceptable condition” by means of surveys (e.g. Efethod$). Similar analyses should be

® Berth Jonsson, A model for quality-related valomtind accounting of road capital ISBN 91-975358-3-
Royal Institute of Technology, Stockholm 2005

" Knowledge of component types’ resource price pripas is also used to determine reasonable vanisiin
acquisition prices for example.

® Thurstone, Vectors of Mind, 1935 has led to Exglime Factor Analysis (EFA) according to Jens Quexfd
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made to establish what in political terms can lig@d to be a reasonable “worst acceptable
condition” taking fairness and similar aspects icwosideration. There are only a few com-
ponent types for which such analyses would be megéuliin practice. All component types
are analysed in respect of dimensioning technifsahhd other consequences for road man-
agement.

Every component type is analysed for every measiugaiality used. In the case of bound
wearing courses, for example, limit values are meitged for both rut depth in mm and
roughness along its length in mm/m (ARIn respect of “circumstances” such as type ofiroa
traffic flow and permitted speed. Other types odliy measures can be provided by laser
measurements, as carried out on paved roads. @awat, state-administered roads the ad-
ministration system has provided calculated vabfest depth and roughness at a certain
given time for many years. The figures that arewated (interpolated or extrapolated ac-
cording to consumption models) on the basis oftexjaneasurement values are for example
obtained for every 20-metre, 200-metre and/or h@nogs section of road.

All requirements, expectations and consideratioaglaus identified systematically for every
component type before any decision is made asdedianit values for condition. The deci-
sion, based on “best available knowledge”, apgbe®oth “condition as constructed” (ac-
cording to the lowest requirements stipulated lier contractor’s delivery) and “worst accept-
able condition”. Some component types may haveegalbat vary according to “circum-
stance algorithms” and for one or two, “worst a¢abfe condition” may be the same as “op-
timum condition”.

The condition intervals set between “as constricaed “worst acceptable condition” shows
the component’s functional consumption margin. Tigiothe analysis, the margin satisfies
society’s and road-users’ expectations, the remeérds regarding socioeconomic effective-
ness, political demands (for example for fairnesg) road engineering requirements using
the approach described. The limit values also itatkeaccount society’s requirements regard-
ing consideration of energy, climate and the emvitent in a life cycle perspective according
to “best available knowledge”.

Most of the road network’s components have beeistergd for a long time in the SNRA'’s
road and traffic data bank as mandatory or optiphahomena. The remaining components
will to a large extent be entered automaticallylessome will require inventorying (cf. the
implementation project). The retroactive “valuimj of all existing components can be ac-
complished in a number of different ways with vagyguality as a result. In the SNRA’s im-
plementation project, standard values are usedn@arinvestments and new maintenance,
the actual expenditures given by the accountintesysire used. The quality-related account-
ing will thus have access to all necessary infolonabout every individual component in the
entire state-administered road network. The inf¢iona however, needs to be obtained from
different systems.

For at least 75% (80% in the SNRA’s implementapooiect) of the total value of the road
capital, current condition information will exisirfeach individual component in the road
network. The information, which comes from differ&mds of inventories, constitutes the
“best available knowledge” of the components’ correondition. The information required

® International Roughness Index, IRI



can be found in the SNRA’s administration systéfrand can be transferred automatically to
the quality-related accounting.

The value appraisals of most of the road capitalsaining components (fewer than 25% of
the value of the road capital) will be based orstlavailable knowledge” of the components’
technical life and preventive maintenance. Fordhmsnponents, whose replacement value is
judged to be between 150 and 200 billion SEK, vadukiction follows the principle of de-
preciation according to plan adapted to each coepiotype. The estimated length of life is
given as “worst acceptable condition”, which metirad all component types can be treated
according to the same principle in the model.

The primary information that exists in the modealéach component is acquisition value,
replacement value, target standard value and duactnal functional condition, condition
value and changes in standard and condition oeeyehr. Figures also exist on price indexes,
the year's consumption costs, successively accuatllde cycle costs, costs for value add-
ing measures, and remaining consumption margin fighees can be totalled, for example,
for component types, road sections, and roadss afe@ads, road networks and for the entire
country. It is therefore possible to for instancelgse differences between comparable roads
in different parts of the country.

Quality deficiency costs, inefficiencies, maintecamacklog, cost drivers, productivity and,
for example, expected funding needs can be catmlitatd followed up for each component,
component type etc automatically within the syst&he information makes it possible to
consider and stipulate requirements regarding ¢iveldpment of components’ accumulated
life cycle costs in procurements.

The model should lead to less arbitrariness wheiditey on measures. Every component can
be followed automatically on the basis of spedifformation about the component type. This
greater transparency and verifiability, where evamnponent can be located and inspected,
improves the processes’ internal control.

Through the application of control limits and autdio monitoring of various types of devia-
tions, bases for effective control, verificatiordaollow-up of the processes can be produced
continuously. Control limits can be set for pricpsce trends (for example for cost drivers),
the year's consumption costs and successively adetea life cycle costs. Process control is
described in more detail in Chapter 5 and Chaptisgribes how maintenance backlog can
be calculated automatically within the system.

In response to a special request made at theilterseminar, road management’s sub-
processes and learning are treated in greater tiggothwas originally planned. In the imple-
mentation project it proved to be difficult to idéy operative users of the information in the
present organisation. At the same time, the inftionavas considered to be important for
making the processes more efficient. To facilitheeimprovement effort, the application of
the model in road management’s sub-processesrigrterm planning, operational planning
and follow-up, procurement, project control areatig®ed in Chapter 7 along with some brief
sections on accounting and reporting.

19 pavement Management System (PMS), Bridge and Tiuteneagement system (BaTMan) and Vag och Un-
derhallsdata (VUH) [Road and Maintenance Hata
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For deviations in road projects, computerised a&sdycan be made of causes that are depend-
ent on time, quantity and unit price. Project managan be given forecast suggestions for
approval and underlying information for commententponents with deviating development
can be identified and analysed at an early stageoide lessons that can be disseminated
quickly throughout the organisation and to the wmtors.

Learning can focused on automatically identifieitlifes and good examples per component
type. Information and deviations can be selecteddryexample, supplier, region, road net-
work, municipality, etc. Statistics and, for examgife cycle costs, cost and effect analyses,
can be produced per component type for each suppiligormation that can be used in ten-
der evaluations and when detailing specificationsantracts.

The quality of the information in the technical ®yas varies widely between the regions to-
day and is overall too low. In many situationst f@sponses to requests for various kinds of
basic information for central or political decisgnave been more important than quality.
This has been excused and accepted by classitygngrovision of the information as “quick
and dirty”. Since the figures have on many occaslmeen the only ones available, they have
been used as the basis for the decision in quedti@y have also come to represent the true
picture, despite their being based on vague defirsitand rough estimates.

When it was decided that the quality-related actogrwould be introduced in 1994, a deci-
sion had been taken to improve the quality of tipait data to the various technical systems.
For example, laser measurements of the entire p@aetinetwork were carried out every

year for a number of years. A corresponding divectvas issued for an increase in the quality
of the information in the road and traffic data bamthe same time as the Director-General
gave the go ahead for the implementation proje207 (see Chapter 8).

The internal accounting model in the thesis has bested on the road and railway infrastruc-
tures. The deficiency in standard section of thel@hdescription has only been partly tested
by the SNRA, and on a small scale and in one regind is not included in the present im-
plementation project. The generalisation that islenaith reference to other physical infra-
structures has led to a need to use less preameeshof words such as infrastructure capital
and infrastructure management — concepts thahteaded to have their equivalents in road
capital and road management.

Chapter 9 analyses and discusses the model amphiisation among other things on the ba-
sis of the experiences presented in Appendix lrtlyHoefore this document went to print,
the Swedish National Audit Office (SNAO) publishedeport that primarily concerns
pavement maintenance at the SNRA. Among other shithg auditors write:

“Knowledge of road standard tends to remain withvidual people at the authority. One
consequence of this is that the SNRA lacks aggeedatowledge of maintenance needs
in the state-administered network and the costsezsures. This in turn affects the qual-
ity of the underlying information provided to Partient and the Government.

The SNRA thus submits imperfect underlying infaonabout the cost of normal main-
tenance and maintenance backlog to the GovernniiéetMinistry of Enterprise, Em-

1 Maintenance of Paved Roads, Swedish Nation Auffit€ RiR 2009:16, ISBN 978 91 7086 189 5, Riksdag
stryckeriet, Stockholm 2009.
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ployment and Communications has realised this a®ddaid that it does not trust the
SNRA'’s information.”

“All in all, it is the opinion of the SNAO that tihe are significant shortcomings in the ba-
sic planning documents that the SNRA uses in its omganisation and submits to the
Government. This concerns assessment of conditeey for maintenance and details of
the measures’ costs.

The SNAQO'’s opinion is therefore that the SNRA lackicient and reliable information

on which to base the maintenance of the road né&twRoad maintenance therefore risks
being carried out at random and not according tesheThe SNRA does not ensure that
maintenance appropriations are invested where #reybest needed. The consequence of
this is that knowledge is lacking of goal attaintnand of whether the goals could be at-
tained at a lower cost.”

“Neither the SNRA’s accounting systems nor its renance-specific management sys-
tems provides reliable data about the cost of coaigi@ maintenance measures. The
SNRA's cost information is instead based on théiesgrom the regions to question-
naires. The SNAO’s opinion is therefore that theR&' basic information has signifi-
cant shortcomings and does not give a reliablei@adf the total cost of maintaining the
condition of the road network.”

Regarding maintenance backlog the auditors draghlguihe same conclusion as VTI in its
report*?to the Government.

“On the basis of the information available it istrpossible to either corroborate or re-
ject the SNRA'’s statement that the cost of theter@amce backlog is 20 billion SEK.”

Our analysis supports these conclusions.

This thesis deals with a quality-related systeraawfounting that gives more efficient moni-
toring and control with measurement, rapid detectibgood and bad examples, analyses and
learning. Analyses in the pavement area may coriseues such as time chosen, pavement
measure and price, but also type of binder, mireeygtegate, voids, temperatures and a num-
ber of production engineering prerequisites. Whaaod and what is bad? The culture must
include transparency and verifiability without mdgipeople “afraid to make mistakes”. Peo-
ple must be allowed to make mistakes — but notatejieem. Good examples must be able to
be copied throughout the organisation while rejoetst of mistakes must be avoided. In our
opinion, competent people would be even more coempetith better prerequisites in the

form of relevant information and thereby improvadananagement’s socioeconomic effec-
tiveness.

The model’'s application in long-term planning metra “best available knowledge” of de-
ficiencies, measures, and effects are reportedippEmerefore all society’s players have ac-
cess to the same information. Regional and losglaesibility should be strengthened in the
planning process. With other starting points far finocess it should be able to be simplified
without the requirements regarding legal securiiy socioeconomic effectiveness being low-
ered. For example, one starting point might be elvaty identified need for measures in the

2 Gudrun Oberg, Mats Wiklund, Jan-Eric Nilsson, Rewbf the SNRA’s and the National Rail Administra-
tion’s proposed operation and maintenance straae¥i€l report 492-2003, Linkdping, August 2003
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transport infrastructure is potentially good fotestst one of the factors energy, climate, envi-
ronment, accidents and the logistical prerequisitésade and industry and road-users.

With such starting points as the foundation, itidtidoe possible to begin a planning process
for an individual measure at any time. In the pss¢c¢he measure would be examined in a
wider perspective for all transport infrastructuirea similar way as in a building permit
process. In a building permit process, all genglais, specific local regulations and local
plans drawn up in parallel, “separate” processesansidered continuously. Today, in the
ordinary planning processes, trade and industry Ineafyprced to wait through up to fifteen
years of uncertainty before an urgent measure mabsess. These are not conditions that suit a
flexible trade and industry sector that has tondetn opportunities arise with the best prereg-
uisites possible. The State’s funding responsybiitinked to a net present value ratio for a
stipulated number of effects — should broadly spep&lso be the same in the normal plan-
ning process. The regional public authorities, \ahwng other things should be responsible
for the calculations, must together with the prvsttakeholders be responsible for the costs in
excess of those covered by the State on the batie walue of the net present value ratio set.

The model’'s application in the procurement proe@fichange the contractors’ incentives
and creativity from increasing quantities to redgotomponents’ life cycle costs.

Today the contractor has an advantage as regdedsahinformation and the client has inap-
propriate incentives in the very many negotiatiagegements. With the model’'s contract
concept this will not have any financial significan It means that the project’s cost increases
should decrease overall. The model should makasiteto control and follow-up projects

and lead to better internal control and capitdisatiion.

In all essentials the external auditors supporptisblems and weaknesses in road manage-
ment described in this thesis. The model with dqyailated accounting has been devised to
eliminate, among other things, the problems takehythe auditors, to increase efficiency in
all road management’s sub-processes and the lgaffiie problems have been known since
the end of the 1980s and the Government’s disnmgntlf the SNRA and the formation of a
new traffic agency provides new prerequisites shaiuld facilitate the much needed im-
provements in this area.

The model for quality-related accounting of roagita should in principle be able to be ap-
plied for all physical infrastructure for the trgostation of people and freight (road, rail, ma-
rine and air transportation). Researchers at KT hadged the model to be of interest for
application in electricity distribution grids. lhsuld then also be able to be applied for fixed
and mobile telephony and data networks, and alsighYinfrastructures in the local govern-
ment sector. In Norway, interest has been shovits mpplication in coastal shipping. Other
areas of application might be found in organisatiamith property stock in buildings, prem-
ises and other installations. The starting poinefgplying the model to buildings would, with
a quality-related accounting, be the real stan@fardnstance for energy and function), re-
placement cost, and real condition on the companafrthe building (roof, windows, facades,
water and sewage systems etc). On the other hanurdperty’s component type land should
be evaluated according to more marked-related iptes:

If applied to all physical transport infrastructsiie the new Traffic Agency, the accounting

system would lead to greater efficiency in the Gomeent’s and Parliament’s monitoring,
control and resource allocation. Correctly applibe, model can be developed to take into
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account consequences for energy, climate and thebeament in a life cycle perspective. The
demand for socioeconomic effectiveness and custsatefaction and the need to able to
analyse non-conformities in prices, costs andcyigle costs are also satisfied. This develop-
ment would secure systematic learning and ensateélkst available knowledge” can be
used in decisions on measures. It is also impottactteate a new and better platform for the
continuing improvement effort and for research iim&ages between measures and effects.

Knowledge of the condition value of infrastructaspital, changes in value, deficiencies in
standard and condition, and costs create new plitssibfor conducting analyses. The vari-
ous transport infrastructures’ condition-relatetliea, changes in value as a result of new
construction, improvements, maintenance and actuaumption would for example be able
to be detailed in the new Traffic Agency’s annugglart. The total effects for society, road-
users and trade and industry of the changes irewatwld be able to be assessed. Distributed
over the respective types of transportation, actaatumption costs and price trends will be
able to be reported together with infrastructureaggment’s maintenance backlog. It will
also be possible, for example, to report infrastmecmanagement’s quality deficiency costs,
cost drivers and productivity development.

12 Background

The management of road maintenance in Sweden fetldt the 1990s the principles of
planned economy with a low real interest of expemta of the customers and in follow-up.
The analyses that were made were based on s&ti$tiow quality from operations activities
and on standard prices. The inevitable result wasproductivity and a decline in confidence
in road management (see Appendix 1 for details).

The question of whether the road capital shouldriered in the accounting, i.e. whether the
road installations should be activated in the BedaBheet was discussed on any number of
occasions during the 70s and &bs

The opening up of Operations to competition thaamein 1992 required some forms of
flexible support for the monitoring and controltbé whole process from procurement to
quality follow-ups of the completed work. The antitwas that it should be possible to pro-
cure service both of single components and of wiaa€e networks covering large areas and
still maintain control of how condition developed.

The Director-Generaf requested permission to find a better way of feifm up the real
changes in the road network’s standard and comditial of obtaining objective information

to support the implementation of improvements. €hgas a need for consistent, controllable,
reliable, and comprehensible reporting of the nmaihtenance and construction, the roads’
standard and condition, the development of thamddrd and condition, and the effects for
road users and society. In 1992, by order of theddr-General, the 1A described a model
for the accounting of a condition-related road tpi, which would be able to be used for
reporting and monitoring and control purposes.

3 Some people who should be mentioned in this coaie the earlier Directors of Finance Karl-Janlakand
Dan Nasman, and planning economist Lars Hemmenitbef two latter also made a presentation of theldev
opment of "road capital” over a period of forty yedased on a forty-year linear depreciation oestment
appropriations and part of the maintenance appbpns.

4 Doctor of Economics, Director-General Per Andere@dahl (1982 — 1995).

15 published with application examples as Draft firegdort on road capital in May 1993 by Berth Jonssbal.
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IA’s model was examined by external expéttsvho made several valuable comments. Pro-
fessor Artle, for example, in his review, emphagittee fact that a condition-related road
capital would link the model more clearly to the¢ioaal economy and the expectations of
road users and other stakeholders. In 1994, theASNRRanagement decided that control of
road management would be developed and be basih@ oajectives of the national transport
policy with regard to road management, customedgéetations and the IA’s model for ac-
counting a condition-related road capital.

Over a period of fifteen years, the SNRA has chdrayer from a distinctly planned-
economic way of working, via the programme docunvéttt its so-called 8S model for a
focus on objectives and custom&rgo a structured, quality-assured, process-orieway of
working based on the Swedish Institute for Quadityiirteen basic values and seven main
criteria for the Swedish Quality Award, and usiogcsilled control cards.

The accounting in use today has developed fronnéleels and economic model that applied
during the years the SNRA carried on extensiveaipers independently in its own right. At
that time detailed information was needed, maialycklculation purposes.

The decision made in 1994 to base control of roadagement and its processes on the ob-
jectives if the national transport policy, custosi@xpectations, and information about condi-
tion-related road capital taken from the accountiag still not yet been fully realised.

Anyhow, in 1995, a report was presented aboutaiigmment at the PIARC-congress in
Montreal, Canad&. The ideas were in all essentials in harmony rithdevelopment of
Transportation Asset Management (TAM) around thddvo

In respect of monitoring and control, the modeliges on fixed assets in the form of roads
(road capital) and the organisation’s structurgitedin the form of road management’s proc-
esses, networks, customer relations, systems, quoeg and aids (see Figure 1.1). Interna-
tionally, in the road management context, this tgpmonitoring and control is known as
Asset Management (AM).

The model for accounting road capital in this pagzer be used as a reference model in the
continued research. Differences in the accountfngfmstructure can be elucidated with re-
gard to countries where requirements similar to 8/88*° apply. In the followingmodel
andreference modedre used as synonymous concepts.

It should be noted that the reference model prailyipuses existing computer programs (IT-
systems) and report generators and existing infboma&n the SNRA's road data bank and
other road-related databases, and information thremnternal and external accounting. The
difference compared to today is that the infornmatsstructured, combined, systematised,
coordinated, and used in a different way.

8 The people responsible at the National Audit @ffier the regulations for governmental accountiDig,
Claes-Goran Gustavsson, Dir. Lennart Marding aed\thtional Audit Office’s Audit Director Filip Caskand
Professor Roland Artle (University of Berkeley, USA

7 Japansk foretagsledning. Vad kan vi lara?, [JagmManagement. What can we learn?], Richard TaPagr
cale, Anthony G Athos. Contains a presentation ®8anodel, on which the SNRA’s 8S model is based.

18 Berth Jonsson, Performance management of roachiairation in Sweden — We are committed to serding
customers, PIARC XXth World Road Congress, Questi¢20.21.E), Montreal, September 3-9 1995.

19 Statement 34, published in June 1999 by the Govental Accounting Standards Board (GASB).
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Figure 1.1 Outline structure of Swedish road manager’s irgkasset values (capital items)

1.3 Problems

Many problems still remain to be solved in orderdalise the ambitions outlined above.
Maybe the most serious and fundamental problenttieaBNRA needs to solve has to do
with the accounting of the road capital.

Every year the SNRA, e.g. declares the size ofadad maintenance backlog, a figure that is
growing year by year. The politicians, themselviésrourban living, can see that the condi-
tion of the road network is not so very bad. Thqugbkometimes is obvious that there are
needs of standard improvements. If they traveherural area they may find roads that are in
fairly bad condition, but can on the other handtbeéthe traffic loads are obviously lower
there. It is thus not hard to understand thatip@its may believe that the SNRA is exagger-
ating the problems with the roads.

The overarching need to improve the accountingafi rcapital has its origins in a desire to
be able to reflect roads’ and road networks’ caodiand changes in condition better, and to
be able to improve the descriptions of differemtety of need for physical action. There is also
an expectation on the part of politicians that thii§ give them a better opportunity to moni-
tor and control the road network’s deficienciesksi and need of funds for maintenance and
investment, and the consequences of taking orakatig maintenance measures and making
investments.

Political monitoring and control needs better réipgr There is an explicit desire for a sim-
pler, more comprehensible, systematic, transpaaantcontrollable way of reporting. Two of
the most important reasons for improving the actingrare the need to obtain a more accu-
rate road management cost and the necessity totharedibility of reports and the basic
information required when discussing financing reeed
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The situation today is that the cost of road mameaye falls as appropriations fall and that the
opening value for the year of the road networkhm Balance Sheet, regardless of the mainte-
nance measures taken during the year, is reducatlbgst 2.5% every year (depreciation
according to plan over 40 years). All produced soadt financed through investment appro-
priations during the last 40 years are assignenl \za@ue but are maintained in a similar fash-
ion to other roads.

The internal ambition with financial accountingasproduce final accounts (Profit and Loss
Account, Balance Sheet and Source and Applicatidfunds Statement) that the external
auditors will accept (and make out a “clean auditaeport). The regulations governing the
accounting and the external auditors’ ambitionsdorequire very much, despite the state-
ment about “accepted accounting principles”.

“Accepted accounting principles” in Sweden meansdetual existing praxis on the part of a
qualitatively representative selection of thoseaoigations obliged to keep accounts”, princi-
pally in respect of the three aspects relevandapikty (accuracy and currency), and pru-
dence. If any conflict arises between these aspeetsoncrete valuation context, it is nor-
mally the principle of prudence that takes preceden Swedish accounting. The SNRA's
financial accounting is done according to the ratiohs, and the procedures are subject to
relatively good internal control. As regards moriitg and control of road management, how-
ever, the results of the accounting are misleading.

Because this is a known fact inside the organisatioportant financial analyses to do with
road management quite simply do not get done. ©mwtther hand, the information in the ac-
counting is of “normal quality” for monitoring arantrolling administrative activities.

Instead, the organisation uses information frorhriémal management systems, for example
the Pavement Management System (PMS) with reggpewements and the Bridge and Tun-
nel Management System (BaTMan) for bridges andelsniThese systems also contain fi-
nancial information, which is mainly interpretecddastompared against established regulations
without the help of any specialist engineers. Tpecslists sometimes conduct special inves-
tigations to get more detailed information regagdime magnitude of some deficiency in the
road network and draw up a basis for deciding thetrappropriate action to take.

Management’s basic information for controlling ntaimance activities consists of well-
formulated information from specialists and engimsegho have a more or less subjective
perception of the road network. This basis, togethth “general, accepted knowledge of
road management and its effects” is what leadsdalécision as to what action to take.

Taking the country as a whole, it is clear thatwigsv of and choice of action can vary a great
deal. All the different types of measures thattaken can hardly be regarded as Best Prac-
tice, but the measures chosen do not necessavilgtdevery much from the “optimum”
measure. The problem, however, is that no oneyrkatiws what the actual situation is.
Checks and costings of the measures taken areads to a sufficient extent. Follow-ups and
analyses are necessary if the SNRA is to developairilearning, quality-oriented organisa-
tion”.

With better cost accounting, it would be easiemtike different types of analyses, such as

internal and external benchmarking, monitoringhef ievelopment of road management’s
productivity and cost drivers. It would also beieato analyse the quality and prices of road
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management’s products and services and the life cgsts of the various road management
components.

Weighing investment against continued maintenarg@acement calculations, and analyses
of the road network’s geographical differencesandition, standard, risk and prerequisites
for transportation, also require a better systemcobunting. Companies would be able to
plan their transportation and operations bettdraf/ had access to transparent information
about the road management status, based on a gaec@pted accounting of standard,
condition, and different kinds of deficiencies netroad network.

Road Management’s own motives for a better systeacapunting of road capital are above
all to improve resource allocation, monitoring awahtrol of road management, its players,
and production results. Other motives are to fiatéithe interaction and dialogue with road
users, trade and industry, authorities, and palitiecision-makers, and thus support the im-
provement of the processésformation must also provide an adequate basisvwking
efficiently with preventive maintenance and for lgsas.

14 Aim and hypothesis

There is no praxis governing the accounting priesiphat will be applied in a road capital
model. It is therefore especially important as rdgaredibility for the model to have a simple
structure and be able to be checked easily by emtdgnt external personnel without help
from technical experts. The accounting data mustppear as if it is issuing from a “black
box”. An accounting model must satisfy stringerguieements and the demands with regard
to accepted accounting principles.

As knowledge of condition grows or when principéesl systems are to be improved, it is
important that the changes do not leatigtorical data being rendered unusable. In this re
spect the model must have a solid foundation aardsgoroperties and facts. New knowledge
and improvements should therefore to a large exisntbe able to be applied to historical
material.

There is a clear political expectation that roachaggement should change from a focus on
budget control to a focus on the general politigzls of customer and efficiency, accompa-
nied by an increase in transparency.

The aim of this paper is to describe a model fématdon and accounting of road infrastruc-
ture, which satisfy the political requirements atisl effectiveness and needs in the process
of road maintenance. The study is based on exmaseinom road maintenance in practice,
literature studies, tests and real work with impetation of the model. This thesis will also
illustrate the strength and weakness and the phissgand difficulties of implementing the
“quality-related road capital” model in practice.

The purpose is also to show how an accounting sybtesed on a quality-related value of
road capital can be used to increase efficientlerdifferent processes in road management.

The transition of road management in Sweden frogels following the principles of a
planned economy and autonomous production to geatation and exposure to competition
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has been a gradual one. It has not been possilstgptement throughout the organisation at
the same time, and some parts of the organisative fallen behind.

One example of this is the area of accounting, ekiee rules and regulations for the external
accounting have been in focus, while developmett®internal accounting has been ne-
glected.

The hypothesis for internal accounting suitedgiirpose of physical road installations ac-
cording to the requirements of the transport padioy.

- that there exists a possible verifiable value apptan accordance with good princi-
ples, where “experts’ best available knowledge”utavery installation’s functional
condition can be used to advantage,

- that the functional value appraisals can be base@xperts’ best available knowl-
edge” regarding socioeconomic effectiveness anggte and/or road users’ expecta-
tions,

- that the financial value appraisals can be maaeirent prices on the basis of actual
expenditures and costs,

- that efficiency in the road management procesdeasufficiently improved to a level
corresponding to the extra costs that the model caage,

- that political monitoring and control can be su#ittly improved by a value equiva-
lent to the extra costs that the model may cause.
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2 METHOD AND APPROACH

2.1 The engineering tradition

This thesis is written in what can be called anmegying tradition where the aim is to con-
struct more efficient "machines”, in this casem@ormation system for making better deci-
sion about road investment and maintenance. Cesta@ments concern what "can" be done
and what "will be" the effects of implementing ateen system. But how can such statement
be substantiated?

"Can'"-statements

The best way to show that something can be dookdsurse to do it. This is the role of tests
in the engineering tradition, and through serietesfs new and better products are developed.
In Jonsson (2005) examples of how road capitabeameasured for a specific road was pre-
sented in order to convince the reader that théodes possible to use.

A variant of this is to show that someone elseaalyehas done it. After the licentiate thesis
were finalised, part of the plan was to look akottountries that have been working with
Transport Asset Management models, in order tdheeethey had solved various problems.
This part of the plan was however changed for ®@asons.

The first reason was that an overview of the iradomal experiences was made by WSP
Consulting'. This study of the most outstanding countries sktbthat no one had come very
far in their development. The expected margindityiof spending more resources on collect-
ing information about other countries was belieteete rather low.

The second reason was that the SNRA had decidgdrithe implementation of the TAM-
concept’s quality-related accounting. It was judgebte given more interesting information
to follow this implementation project in order tetgnore detailed information about whether
such an accounting really can be implemented.dditientiate thesis information was pre-
sented about the situation in other countries tigtibformation is not repeated in this thesis
as it is not developed further.

If something has not been done and when it is assiple for the researcher to do a test, what
remains to do in order to show that something @addne is to present convincing argu-
ments. Many parts of this work consist of this tgeéext. It is probably not possible to give
some general characteristic of what is a convinammiment. This research is (see below)
partly based on many years experience of the raathgement processes in SNRA, a great
deal of activity analysis in independent positicars] many discussions about different possi-
bilities to improve the factual foundation for dgon making and about the TAM-concept
itself.

During these discussions a number of arguments ¢@we up saying that the accounting
model is problematic and impossible to implemend & this thesis several such arguments

L WSP Analys & Strategi, Report Road Asset Managéngiate of the Art, Benchmarking Study, 2008-09-01
Stockholm. In the study they compared Sweden, U.S.@eneral description, U.S.A. - Washington S(s),
Canada, Australia, Japan, England, France, Newaddelnd South Africa
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are analysed and the hypothesis is of coursefttiase arguments can be questioned then it
indicated that the TAM-model can work. The restilsch an analysis can never be final, as
new problems might be found later. For the momieistnot possible to do more than analyse
the arguments actually put forward and argumermts\vtie today think can be put forward
against the model. In this way convincing argumeats be presented, but there is no guaran-
tees that what are convincing today will be seecoavincing tomorrow when new argu-
ments might be presented.

The implementation of a TAM-concept’s quality-reldtaccounting is now on its way in
Sweden and a conventional evaluation can be dogbenaithin 5 years or so. The argu-
ments presented in this thesis can then be testediore standard scientific way. By clearly
presenting the arguments today it will be easi¢hénfuture to see what the strong and the
weak arguments were and if there were some missipgcts.

"Will be'-statements

The "can" statements are the most central in bi@sds and the focus is on designing a model
than can work according to the TAM-concept. Inttesis it is also argued that introducing
such a quality-related accounting will have cerfzositive effects for road management,
given the goals of SRNA. In the instructions foe tesearch, and during the research work,
there have been expressed clear demands to showhbawtput data can be used in the road
management sub-processes. These examples, prese@teapter 7, are an important part of
the argumentation about the possible positive tffec

On this point there are also methodological proklefa similar kind as those with can-
statements. If a certain model already is impleeeittis possible to show that there are cer-
tain effects by a standard evaluation. If it is mgplemented yet it is once again a matter of
presenting convincing arguments about the podsitddiobtain the specific effects. More
general theories are however important for undedstey e.g. how the Road Administration’s
organization work and what the introduction of aneformation system will lead to. The
theoretical framework primarily used in these dgstans is transaction cost theories and
theories relating to monitoring and control in theblic sector.

2.2 Participatory observation and action resear ch

Many of the observations and arguments presenéelamed on practical experience and
analyses of operations in state-administered rcauagement over a long period of time, and
also to a limited extent in the Swedish manufantymdustry. The author has been working
in several of the sub-processes analysed in Ch@ptée has also experience of in-depth
analyses of real world control and action. The ysialis based on theoretical training in is-
sues relating to internal control, operation maimiig and control in public administration.
During the last years the author has also beeriedan the practical implementation of the
quality-related accounting restricted to comporiezuadition.

From a more general research method perspectiwavtitk can be seen as a combination of
participatory observation andaction research.
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Participatory observation has been described ifidl@ving way:?
“Ostensibly, participant observation is a straightfard technique: by immersing him-
or herself in the subject being studied, usuallgraviong period of time, the researcher
is presumed to gain understanding, perhaps moygydten could be obtained, for ex-
ample, by questionnaire items. Arguments in fa¥dhie method include reliance on
first-hand information, high face validity of datmd reliance on relatively simple and
inexpensive methods. The downside of participastokation as a data-gathering tech-
nique is increased threat to the objectivity ofisgearcher, unsystematic gathering of
data, reliance on subjective measurement, andipjessiserver effects (observation
may distort the observed behavior). Participaneolaion is particularly appropriate to
studies of interpersonal group processes.”

The statements presented in the following chagtemserning how organizations function are
however not only based on the author’s own expegidout it also based on a number of re-
ports and studies presented in the respective efsaj8till, the statements in the thesis must
of course be seen as preliminary and in need ftnduresearch. The focus in this work is
however on presenting a model of quality relatembanting of road capital but the sections
on how especially the SNRA has worked historicalynportant as a background to this
model and as a way of showing the need for this medel.

Action research is described as:

“Action research is a subset of participant obsgsmawhere the participants (typically
practitioners, such as teachers in a school sgitirgpme focused change effort (ex., to
improve some organizational function) self-reflenttheir experiences in order to im-
prove practice for themselves or the organizat#faiiion can be undertaken by one in-
dividual, by a group of individuals, or as partaofollegial team approach. If the latter,
it may be termed "collaborative inquiry.”

The author has during several periods been invadlvel@velopments of the model presented
in Jonsson (2005) and further developed in thisighé&xperience has been gathered not only
from passive observations of the organisation awd ¢hifferent systems work, but also from
involvement in projects aiming at changing the entrsystem in directions that will be de-
scribed in detail in coming chapters.

As mentioned in the first quotation above therefisourse problem related to objectivity in
these research methods, but the difference betthese and other methods should not be
exaggerated, as all methods involve consideratodsdecisions made by the researcher. As
McCloskey underlines in the famous article “Thetdnie of economics”, in the end it is about
presenting arguments that convince otfers.

% This quotation is from http://faculty.chass.ncsu/garson/PA765/particip.htm
® This quotation is from http://faculty.chass.ncsu/garson/PA765/particip.htm
* McCloskey, D.N. (1983) The Rhetoric of Economibsurnal of Economic Literature, vol XXI, pp 481-517
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2.3 Further comments about the specific chapters
Chapter 3

The information that has been used to describsttte of the art in the field of Transport
Asset Management (TAM) comes partly from studiedentaken and initiatives taken by in-
ternational co-operation organisations in the raaustransportation sector. It also comes
from countries that are considered to have advaha#ier as regards development, and part-
ly from scientific journals and other scientifiteliature. Such international co-operation orga-
nisations in the roads sector include: PIARC (ThaerM/Road Association), IRF (The Inter-
national Road Federation), OECD (The OrganisatiwrEtonomic Co-operation and Devel-
opment), AASHTO (The American Association of Stdighway and Transportation Offi-
cials) and NVF (Nordiska Vagtekniska Férbundet)sthalia, USA, Canada and England are
regarded as having advanced furthest as regards Diler distinguished countries are Ja-
pan, France, New Zeeland, South Africa and Norwayalso Sweden. Both research and
application have been studied. The basis for théwothis chapter therefore includes:

- websites, documents, articles in scientific f@is, studies, and presentations prepared
by road authorities, researchers, and internatiomalperation organisations, on occa-
sion in connection with international conferen@sninars and workshops,

- national and international discussions with resale officers at road authorities and
with researchers,

- rules and regulations governing authorities,

- documentation concerning application in propemynagement and management in the
manufacturing industry.

Chapter 4

In this chapter the fundamental model for qualélated accounting of road capital is pre-
sented based on the approach described in Chaptae&rguments are more deductive,
starting from the demands for a better factual émion and furthermore based on the gener-
al ideas behind the TAM-concept and the literaturé experiences described above (Chapter
3).

Chapter 5

The principle presented for control and monitoiim@ itself a general one based on experi-
ences from the manufacturing industry. Here theqgipie is related to road management but
should, for example, be applicable for all physio&astructure management. First, a theo-
retical model is described for quality control,léeved by a model for process control. Con-
trol and monitoring are then concretised for sofm@ad management’s critical indicators.
This exposition is based on practical experienckaralyses of operations in state-
administered road management over a long peritidhef and also to a limited extent in the
Swedish manufacturing industry, and in studiestefdture.
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Chapter 6

The point of departure for this chapter is the lgasknd presented above, a literature review
of definitions and a model for valuation and acdmgof road capital (the TAM concept)
including the chapter on efficiency and quality tohand learning in the control of the proc-
ess. The literature search also included termsa&pressions like “neglected maintenance”,
“maintenance backlog”, "maintenance debt”, “maiatece mountain”, and “overhaul need”.
All the terms and expressions essentially havesdéime sense as “maintenance backlog”
(Mbl).

The method is primarily deductive, pointing outfelient possible interpretations of the Mbl-
concept as used in the general debates. Herewsnstmw Mbl mechanically can be meas-
ured and estimated within a quality-related acdognn the TAM-concept.

Chapter 7
The problems and the need for improvement descirib#ds chapter are based on

- external independent inspection results and ideas

- own experience of working in the sub-processes,

- own experience of in-depth analyses of contrdl action in reality,

- theoretical training in issues relating to moriitg and control in public administration,
- theoretical studies in connection with this reskgroject.

- literature reviews of other organisations’ anajsoth national and international.

The arguments concerning the possibilities of tA&Miconcept described is based on the
characteristics of the TAM-model and knowledge dhbe different sub-processes based on
the sources above.

Chapter 8

In the implementation stage the perspective ofdésearcher has been that of an expert in the
project. The expert’s role was to support the mtojeanager, take part in working groups, be
a member of the project manager’s so-called pregidommittee of three, and a member of
the steering committee. Of particular importance yarticipation in the working group

whose task it was to develop the concrete IT mGaeidition-related accounting of road
capital (in Swedish, "TillstAndsrelaterad Redovignhv Vagkapital' TRAV)).

The arguments are based on interpretations of ng=e#ind discussions in the different con-
stellations and of the project manager’s notesmamaites from formal meetings (over 100 in
all®). Discussions with the project manager have beey important to my interpretation of
the implementation project.

® Berth Jonsson, A model for quality-related valotand accounting of road capital, Licentiate TsieRoyal
Institute of Technology (KTH), ISBN 91-975358-38tockholm, Sweden 2005
® According to the list in document Vaegkapital S&880623.doc
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3 TRANSPORTATION ASSET MANAGEMENT

This chapter aims to illuminate in an internatiopaftspective and in a properly documented
fashion, the meaning and thoughts behind the Tatefpn Asset Management (TAM)
framework.

3.1 Definition of TAM
Definition of Transportation Asset Management, TAM

There are many different definitions of asset manaant. The Office of Asset Management
of the Federal Highway Administration (FHWA) uséistearly “working definition™ for a
while:
“Asset Management is a systematic process of main¢giupgrading, and operating
physical assets cost-effectively. It combines esgimg principles with sound business
practice and economic theory, and it provides ttmfscilitate a more organized, logi-
cal approach to decision-making. Thus, asset mameageprovides a framework for
handling both short- and long-range planring.

PIARC has adopted an OECD definition of asset mamagpt, which in turn was derived
from an FHWA definition. This presentation refergwarily to the formulation made by the
OECD?, viz:

“ A systematic process of maintaining, upgrading @merating assets, combining
engineering principles with sound business praetité economic rationale, and
providing tools to facilitate a more organised #edible approach to making decisions
necessary to achieve the public’'s expectations.

The term “asset management system” (AMS) embradtdsegprocesses, tools, data and
policies necessary to achieve the goal of effelstis@anaging assefs.

A great many diagrams related to asset manageragatlieen presented at PIARC con-
gresses. One such diagram (Figure 3.1 below), piesddy Madeleine Bloom, the director of
the FHWA's Office of Asset Management, shows thealdrscope of asset management with-
in the transportation sector,

In this thesis, Transportation Asset Management(JAmbraces AMS and all the other
processes, tools, data and policies necessanhtevacthe goal of effectively managing the
transportation system.

! Asset Management Primer, U.S. Department of Tramagon, Federal Highway Administration Office of
Asset Management, Washington, DC 20590, Decemi®9, Ifage 7.

2 OECD Asset Management Working Group, Asset Managerior the Roads Sector, Head of Publications
Service, Paris, 2001, page 12.
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What is Asset Management?
Broad Range of Assets

Highway Transit Air
Pavements Tracks Runways
Dollars Bridges Rolling StocK Terminals
Hardware Stations Hangers
Tunnels i i
People Signals

Rest Areas

Data

Asseot
FEDERAL HIGHWAY ADMINISTRATION anae e nent

Figure 3.1A broad range of assets in the focus of Asset Mamagt (FHWA, 2003)

This study of the state of the art is structurexiad four issues. The primary, overarching
issue is the holistic perspective in Transportafseet Management that interacts with the
other three, which can be related to Operatiordyding the effects that arise for society, the
road user, and the road manager), Financing, aad Rapital. Operations, Financing, and
Road Capital have a number of points where theyrat and affect each other.

Typical for the TAM process and its various deaispvocesses is that they largely have a
very general character. They concern aspects delatdhe customer, the world around, and
policy; standard, condition, and effect aspectsitaegy and goal aspects; financing, planning,
and budgeting aspects; and reporting and accouasipgcts, among many others. The TAM
process can at its highest level be seen as aerghmocess covering everything that is done
and needs to be done to attain the transport pob@ctives, but it can also be viewed broken
down into a number of sub-processes, for exampiesid® processes.

This review of the state of the art covers therentiAM process and three important areas on
which to focus in this work. Each of the focus arearresponds to a “reporting area”. In a
theoretical and very broad sense, the resultseoT &M process can be compiled into exten-
sive reports or accounting documents such as Bal8heets and Profit and Loss Statements
and Cash Flow Statements (financial analyses)r&igL2 is an illustration of the interaction
between the whole and the three focus areas imaginary structure for this review of the
state of the art. The figure also shows what waseal in the licentiate thesis (Jonsson
2005).
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Balance
Sheet

Assets | Debts

Equity

Licentiate's dissertation
Asset-related questions

Stakeholder focus in points of
- Political tasks and life cycle
ambitions (costs, effects e.g.
energy, climate, enviroment,
traffic accidents)
- Customers’ (road-users’ and
Transportation society’s incl. Trade’s and
Industries’) requirements
- Roadholdings’ needs

Asset

Management

Cash-related questions Actionrelated questions

Cash Flow Profit and Loss
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Expenses | Revenues

Earnings

............. Finance
Reserve

Figure 3.20utline sketch of interactions between differespgexcts of Transport Asset Man-
agement

The three focus areas are named Action-relatediqunegProfit and Loss Statement), Cash-
related questions (Cash Flow Statement), and Astsied questions (Balance Sheet).

3.2 Why transportation asset management?

In most countries, the road networks constituteafrtbe major assets of society and these are
for the most part owned by the community. In gehéihe@ road administrations or equivalent
authorities are assigned to attain the road andinsport policy goals with regard to im-
provement, maintenance, and management of theimetadlations with limited financial and
human resources. All this can be done in an efftaieanner and with a good level of quality
as regards objectives, measurement, informatign ggstematic data describing technical
condition, defects, and finances), and as regaelanalyses used in developed and integrated
management systemsThis chapter takes up the reasons for and thstiegberspective and

8 _ Jason Bittner, Howard Rosen, Transportation AsEmagement Overwiew, Public Works Management &
Policy, Vol 8 No. 3. January 2004, 151 — 155.
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content of the TAM processes; the application af experience gained from TAM; and ex-
pectations, for example those of various stakehslde

One clear trend that can be seen around the weotldht governments are exerting increased
pressure for improvement at the road authoritiesdtpt a businesslike attitude, main-
tain/increase efficiency, and take responsibiliy Service and products. This is contributing
to large-scale adoption of the TAM concept arourawhole world.

Public road and transport administrations arouedatbrld have held several seminars on the
TAM concept during the latter half of the 19904ehnational interest has therefore been ex-
tensive and no fundamental questions have beesdraizout the process that TAM represents
as a whole. The problems and the development thatiscussed also seem in substance to be
same the world over in this particular field.

The international cooperation organisations hase been working with TAM in their vari-
ous committees for a long time. This has oftenngiace simultaneously in several of the
organisations’ committees but based on differeaipses. A number of issues that are impor-
tant to development have been formulated over ¢aes). Why is asset management impor-
tant? Why is it more important than it has evembleefore?

Kane answers these questions in the following words

"My premise is that we are in a rapid period ofredpa. Change is all around us -- in our
political system, in our economic system, in owtitational relationships, in technology,
in public attitudes, in our customers' expectati®e not only need to be a part of
change; we better be leading the change. Otherwisevill be following; we will be fall-
ing behind; and we will not have the support thatrveed for highway programs in the fu-
ture.”

If we can imagine a road authority as a compank agisets amounting to billions of Swedish
crowns, it would, according to Kane, be quite natfor shareholders to ask the following
guestions:

What have you done with those assets?
What is your rate of return?
What is the economic value of that system relativiast year?

In the private sector they worry about the bottom,labout margins, about how much money
they have to run their business, and they worrpuahow much profit they are going to make.

- Lance A. Neumann, Michael J. Markow, PerformaBesed Planning and Asset Management, Public Works
Management & Policy, Vol 8 No. 3. January 2004, +5651.

- Lynne Cowe Falls, Susan Tighe, Analyzing Longitadl Data to Demonstrate the Costs and BenefiBavk-
ment Management, Public Works Management & Pol@},8 No. 3. January 2004, 176 — 191.

- Mohammad A. Hassanain, Thomas M. Froese, Davarnler, Framework Model for Asset Maintenance Man-
agement, Journal of Performance of Constructedifiesj February, 2003, 51 — 64.

- Nils Bruzelius, Dick Jonsson och en vagverksimi@tbetsgrupp bestdende av erfarna chefer, |dépnoniee

om Upphandling, Finansiering och Organisation — 000 (e publicerad), Borlange, 2002.

4 Anthony R. Kane, Why Asset Management Is Morei€xily Important Than Ever Before, A speech to the
Asset Management Peer Exchange, sponsored by tleeidem Association of State Highway and Transporta-
tion Officials and the Federal Highway Administaatj in Scottsdale, Ariz., Dec. 1 through 3, 1999.
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The nations have invested trillions of dollars ighway systems and have multibillion-dollar
balance sheets. Should the Road Authorities b@nsdpe for that? Do they ought to check
how well these assets are doing? Should they répdine politicians, drivers and taxpayers
and if so, how should it be done?

Kane summarises his discussion and draws conclisi®ifollows:

“l contend that a good asset management framewarkderstanding what you have, its val-
ue, what you need to do to make improvements, tgyimal gains from different investments
and from different things you do to that systend #re whole host of players who are in-
volved in managing the system. You need to havietegrated focus. You need to have a
database system. You need to have the engineerthganomic analytical tools. You need
to have the methodology to understand that system.”

Following its review of Asset Management, the OE@Bommends that Road Authorities
consider the development and implementation ohsegrated Asset Management System as
a means of achieving improvements in the road®se¢management policy”. There is con-
sensus among OECD countries as to the content A& According to the OECD'’s wor-
king group, it should include

- Asset Inventory — condition, use, features.

- Maintenance methods.

- Pavement deterioration and road user cost models.

- Prediction models — future conditions, includingffic forecasts, growth rates, etc.

- Life cycle cost analysis.

- Remaining life determination.

- Decision-aid tools — multi-criteria analysis, riakalysis, trade-off analysis, ranking
projects, strategy.

- Heritage management.

- Accounting principles.

- Capitalisation of road infrastructure.

The OECD'’s investigative group has formulated tkgeeted results of AMS as follows:

- Improved budget analysis and decision making whicivides a higher level of service
to the community.

- Increased operational efficiencies arising fromezasaterpretation of data and better
analysis tools.

- Increased strategic planning within budget constsai

- Increased productivity of the Road Administratiaredo reduced information fragmen-
tation and better access to higher quality and roonsistent data.

- Determination of funding levels required to maintassets at specified levels of ser-
vice.

- Improved allocation of expenditure between indigbassets to give the best value for
the overall asset.

- Improved prioritisation of work requirements anading allocations to achieve the
goals and objectives of the Road Administration.

The investigative group also recommends that rodidogities consider the following points
when implementing an AMS:
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The implementation of an Asset Management Sysgenerally begins with the integra-
tion of previously separate systems for managiegotimcipal individual assets of the
Road Administration.

2. The Asset Management System should be destgresttompass the location and con-
dition data for the asset, relationships descriltiregperformance of each part of the as-
set, methods for selecting the maintenance workgilest value for money based on
the policies of the Administration, and a meanmohitoring the performance of the
asset following the introduction of the new system.

3. Analysis capabilities developed for the Asseainisigement System should include tech-
niques to enable maintenance options to be selectdde basis of the life cycle cost of
the assets.

4. An important capability to be included in ansABsManagement System is the evalua-
tion of the value of the asset and the depreciatfdhe value with time of use.

5. One of the valuable benefits of an Asset Mamage System is the ability it provides to

monitor the performance of the assets. Performbamtieators can help with such moni-

toring.

In a memorandum dated 19th April 2004, the Swe@istiernment Offices (the Ministry of
Industry, Employment and Communications, The Depant for Infrastructure and Regional
Development), through its Director Ulf Lundin, rexptied from the SNRA information re-
garding operation, maintenance, bearing capactgi-fproofing and reconstruction. The re-
quest singled out previously reported materialvia feports that had been published earlier.
“In order to be able to make a plausible and walifided balanced assessment of the funds
invested in operation, maintenance, bearing capdoitst-proofing and reconstruction, more
information is needed”. Seven extensive sectiomaildesues with a typical “asset manage-
ment” content — issues that prove that the Swe@mfernment is also seeking a system that
matches the requirements in TAM.

3.3 Integration of existing management systems

One of the key aspects in Asset Management sysi#S) is the integration of existing
technical information systems for specific partsazds with economic information. In an
AMS, administrative costs, the costs of the operetj road users’ costs, and environmental
and societal costs, are all treated in a holisgtispective. Integrating the systems will make it
possible to use a similar approach to determine diitferent parts of the road system should
be treated (a holistic perspective).

Examples of existing management systems for hagdliffierent individual components in-
clude the Pavement Management System (PMS), BNtlgegement System (BMS), Tunnel
Management System (TMS), and Maintenance Manage8ste¢ms (MMS) for many dif-
ferent types of road installations and Operatioystedns

An AMS gives the road authority consistent, unifanformation and permits available funds
to be distributed efficiently over for example paant, constructions of various kinds and
other infrastructural needs

® Transportation Association of Canada, Highway As&gnagement Systems — A Primer, Ottawa, 1999.

24



What, then, are the typical characteristics of ASR® This guestion has been dealt with in
several documents and in general it can be saichthAMS must:

- Contain information collecteioh Situ about the road installations and their conditind a
deficiencies.

- Contain values of the installations in respectheirtcondition.

- Contain future assessments of how the installatiper$ormance will develop.

- Ensure systematic data of high quality.

- Ensure good accessibility to compatible data.

- Contain all relevant data for life cycle cost asaly.

- Allow obsolete systems to be replaced and unproguatstallations to be phased out.

- Take both the whole system and individual prodirdts consideration when optimisa-
tions are made.

- Produce usable periodic information, preferabljhwéal-time solutions.

- Facilitate regular iterative analyses of the tramspystem’s function.

TAM integrates not only different systems for hamnglindividual types of asset horizontally,
but also integrates information vertically withiretorganisation. Management works neces-
sarily also on the basis of different kinds of pexive such as traffic, freight, and the values
of mobile equipment, financing, planning, enginegriquality, personnel, organisational
units, functions, and processes. There is thereforeed to include, also with a holistic pers-
pective, a number of other, separate managemeteinsysfor example Highway Usage Sys-
tems (HUS), Public Transportation Management Syst@iMS), Customer Information
Systems (CIS), Intermodal Management Systems (IK@8hgestion Management Systems
(CMS), Safety Management Systems (SMS) etc.

Examples of other management systems used in tAeindBide Drainage Management Sys-
tem, Storm Water Management System, and AirporeRP&nt Management Systérand a
TAM system that provides a strategic approach tgimiaing transportation investmerits.

3.4 A business-like approach

TAM also encourages road managers to adopt a nboigrfess-like approach” to the admin-
istration of the installations (road networks) ¥anich they are responsible. A business-like
approach requires an appropriate valuation ofahe capital, sound management of capi-
tal/assets as regards such factors as use andneudtenefit, and that engineers, economists
and decision-makers all speak the same commonadaegn the planning and budget
process. These values are significant factors whienitising future investments for exam-

® . Anthony M. Pagano, Sue McNeil, Alicia Morreahaumik Pal, Jon Schermann, Jane Berner, Besidasct
for Linking Strategic Goals to Resource Allocatenmd Implementation Decisions Using Elements ofan¥r
portation Asset Management, Management Project @, University of lllinois-Chicago, June 2004.

- United States General Accounting Office, Repor€bngressional Committees, Highway Infrastructure
FHWA'’s Model for Estimating Highway Needs Is Gerr&easonable, Despite Limitations, GAO/RCED-00-
133, Washington, D.C. 20548, June 2000.

" Lance A. Neumann, Joseph A. Guerre, William E.&gblransportation Asset Management in the United
States — Current Practice and Future Directionsiaige, 2004.

8 Geiger-D, Asset Management: Resources for Maxitgixiour Transportation Investment, APWA Reporter.
2003/07, 2003.
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ple’. The valuation process, with an emphasis on ecgramd customer benefit leads to a
foundation that permits a different approach theat which is traditional in the engineering
view of developing transport plans etc. TAM wilkalencourage road managers to make use
of function-based requirements and follow-up meghod

It is quite clear that road installations’ valueside expressed in several different ways. For
example, every road installation can have a valuis @wn based on the efficiency that the
installation has with regard to passenger andtitdig@nsport, considering the transport sys-
tem in its entirety. Alternatively, every instaltat can have a capital value calculated either
on the basis of the cost of restoring the instaltato an “as constructed” condition, or the
cost of physically restoring the existing assetisdition to “as new”.

“As constructed” comprises the technical improvetsemd adjustments in standard that
would apply for the installation in question ifwere constructed as a new installation. The
installation values expressed in this type of teamesconsidered to be significant for the de-
velopment of the common language used by engineessiomists, controllers, and the orga-
nisation’s leaders in their dialogues and discumssio

An OECD report® emphasises that it is important for an AMS to rmdina dialogue with
ordinary citizens to get a clear picture of roadrasdemands and the expectations of the gen-
eral public. There must therefore be a focus ifrtieel authority is to achieve the goals set for
results, adapted to these expectations, with gningonitoring of performance, indicators of
critical success factors and other measurementgisare positive development towards
stipulated goals.

There are many examples of activities, decisioney#edge and similar, the quality of

which, according to the literature studied, woudddonsiderably improved with an efficient
TAM process. The groups that are stated to betaffiday the improvements are system users,
stakeholders, state government officials, and manmsagpncerned with day-to-day operations.
The improvements have their origin in the more ciiye data that the decision bases consist
of. Examples of such improvements include:

- The quality of the strategic goals with regardre tesources available to road man-
agement.

- The efficiency of the decision processes (bettéa dad analyses lead to shorter process
times). When allocating resources and drawing aptshnd long-range transport plans
(computer-aided trade-off analyses), several atera options as regards investments
and maintenance can be evaluated at a lower cbathwill result in a greater benefit
to society, higher level of service etc.

- A more effective, objective description of the furgirequired for individual types of
fixed assets and for the road network as a wholachieve the goals stipulated for road
management.

- A Road Administration with higher productivity thrgh providing access to current,
consistent data of high quality using rational ioes.

- The availability of qualitative, quantitative, andmpatible data for analyses of the road
management and its consequences, provides knowtddfiferences in road manage-

° New York State Departement of Transportation, ptir for Developing and Implementing an Asset Man-
agement System, New York, 1998.

19 Expert Group on Asset Management Systems (IM1);DBivision of Transport, DSTI, Asset Management
for the Roads Sector, DSTI/DOT/RTR/IM1(2000)1, 18eE2000.

26



ment between different parts of the country anthefresulting prerequisites for trans-
port for separate groups of road users and foeteal industry.

- The development of business-oriented transportraromes through the integration of
engineering data and financial data, includingentrvalues as regards the infrastruc-
ture.

Key elements of TAM as a strategic planning appnawuld include:

- Comprehensiveness — A broad view of the agency, including a range ck#s. All op-
tions and tradeoffs are made for investment datssio

- Applicableto all functional areas of an organisation — Asset management can be ap-
plied to all functions and levels in an infrastuwet organisation. It is adaptable to dif-
ferent needs in the organisation and is flexibleature.

- Long-term view — Cost-Benefit analyses are made throughout theyittée of the asset.

- Proactive — Preventive maintenance strategies are key to efficéisset management.

- Away of doing business — Asset management can influence the business praaifc
any organisation, in many functional applications.

It is argued that in practice, TAM has providedhadsfoundation from which to manage and
monitor the transportation system. TAM is basicallgrocess of resource allocation and a
utilization evaluation tool. It is essential to ief resources in the context of this process. Re-
sources refer to all the assets at an agency'ssh$phat can be applied to managing the
physical transportation infrastructure (revenuesnan resources, equipment, materials, real
estate, and corporate information). The TAM pro@ss can and should include communi-
cation with stakeholders. This can largely be madaga a website — a possibility that is dis-
cussed in an articfe.

The American Association of State Highway and Tpantation Officials and the Federal
Highway Administration have developed a virtual Gounity of Practice (COP) via a
Website. That facilitates the communication amdrgdifferent stakeholder groups in TAM
programmes.

The Web site provides access to related links aralemdar of events for a self-defined group
of practitioners with an interest in asset managemadividuals can also register for topics
that match their personal interest, view referenegerials and post their thoughts on
discussion boards.

The elements of TAM that make the creation of daarlmet COP an appropriate method for
advancing its education and practice are also atedu After only about six months in exis-
tence, the website has nearly 2,000 visitors aaaiayover 250 registered users. It is expected
that the steady increase in growth will continud arore information will be shared. The
guestion of effective communication with stakehoddda a website leads to the next ques-
tion, which has to deal with implementation, datad information technology (IT).

1 Winsor-J; Ramasubramanian-L; Adams-LH; McNeil-8arisportation Asset Management Today: An Evalua-
tion of an Emerging Virtual Community of Practi€&nference Title: Mid-Continent Transportation Resé
Symposium, Ames, lowa, 2003.
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3.5 TAM implementation, data capture, and the ro¢ of IT

There is in the OECD-report a recommendation thatl mdministrations should consider the

following points when implementing an asset managamnsystem:

The OECD report contains a recommendation that aolinistrations should consider the

following points when implementing an asset managamystem:

- The implementation of an AMS generally begingwtite integration of previously

separate systems for managing the principal indalidssets of the road administration.

- The AMS should be designed to encompass theitmcand condition data for the

asset, relationships describing the performanaach part of the asset, methods for
selecting the maintenance work giving best valuerfoney based on the policies of the

administration and a means of monitoring the perforce of the asset following the
introduction of the new system.

- Analysis capabilities developed for the AMS shibuclude techniques to enable
maintenance options to be selected on the basi dife-cycle cost of the assets.

- An important capability to be included in an ANSShe evaluation of the value of the

asset and the depreciation of that value with tifnase.
- One of the valuable benefits of an AMS is the fbiti provides to monitor the
performance of the assets. Performance indicatordelp with such monitoring.

The typical flow into and out of a generic roadeaseanagement system is shown in figure

3.3.

Asset Management System

Institutional data

Network
inventory,
policies,
standards,
budget,
etc.

Assets

Pavements Asset data

Location,
level of use,
condition,
etc.

Bridges
Database
Analysis results

Dl

Analysis > Decision
process makers

Lighting

etc.

Figure 3.3 Typical flow into and out of a generic road assanagement system (OECD
2000).
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The key to an effective TAM system is quality infation (Anthony M. Pagano et al, Best
Practices etc., March 2004). Information technol@@y plays an important role in managing
data systems for the collection and evaluatiomfarmation. IT is also important in establish-
ing data collection procedures and in data intémnaand the development of supporting ana-
lytical tools*2 However, it should be noted that it is not neagso build new systems, but
to build on what is already in place.

There are a number of information management systemch are used in various agencies.
The transportation asset management guide, prepsgr€dambridge Systematics for NCHRP,
has classified information systems according tddéHewing four functional systems:

Infrastructure Management Systems

Management Systems in Transportation, Opersti®afety and Customer Service
Systems to Manage Agency Resources

Systems to Manage Programs and Projects

PONPE

Information plays a pivotal role in establishingiaformation management system to support
asset management. The type of information may ahandifferent agencies and systems, but
there are certain common system requirements. atey

1. Asset Inventories, which should include extensive information oneasharacteristics
and classifications, including condition assessm@AISB financial reporting of
infrastructure assets, needs analysis and rankimgye can be separate inventories for
different classes of assets. The asset rank detesntiie coverage and detail of
inventory data related to that asset.

2. Asset Condition and Performance, which must be measures for each type of asset. In
addition to technical measures, there should besurea to support policy making and
to capture customer perspective. Condition measiresld also be consistent with cost
and deterioration models. The information systehjeative should not be only to
document current condition and performance datgit should also be able to project
asset condition and performance.

3. Cost Estimation and Reporting models should be incorporated in order to manage k
infrastructure activities. Time series of costschzebe developed, so compilation of
construction and maintenance costs is necessary.

4. Needs |dentification with information should provide the capabilityittentify specific
locations or individual facilities that do not meete or more minimum standards. It
should also provide the capability to estimatedbsts of addressing the identified
needs.

5. Program Delivery with overall summarization of information in termfcost and time
needs to be considered when establishing an intamaystem.

The existing management systems can be appliewéstigate the cost and implications of
different asset management strategies. The infigtstie management systems can play a
particularly important role in capital programmirihere are a number of IT strategies that
can be applied based on agency needs, includimgloVe plans and objectives for asset
management. Several key considerations should dresskd when developing an IT strategy.
These considerations are:

2 Derocher, Robert J, Information Technology Confesge — Finally, Progressive Railroads, May 1998.
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- Define the architecture for databases and systeatsupport asset management.

- Develop an IT implementation plan addressing iappbns related to asset manage-
ment. The plan should include GIS capabilities segiirements, data storage require-
ments, and system integration priorities.

3.6 Action- and cash-related questions

Action-related questions should, in a very broatssebe able to be summarised and clarified
in some form of Profit and Loss Statement. The tjoies may concern how production and
products take into account different effects famdasers and society such as road safety, the
environment, accessibility, trafficability, trangpquality, equality, transport costs, and ef-
fects for households and trade and industry, dgtéuce, accounting and internal control, and
also operation, production and road managemens,qasiductivity, efficiency, administra-
tion, organisation and various types of analyses.

Cash-related questions should be able to be sursedaaind clarified in some form of Cash
Flow Statement. Cash-related questions may corm®rinol and how financing is taken into
account, including questions of road-pricing, appiations, taxes, tolls, borrowing, the mix-
ture of private and public financing, road fundssit management using financial instru-
ments, questions to do with invoicing and paymeatspunting, and internal control.

3.7 Asset-Related Questions

Asset-related questions, primarily the transposteay’s values, should in a very broad sense
be able to be summarised and clarified in some farBalance Sheet. Questions taken up in
this chapter concern road installations; componestasdard, condition and deficiencies; in-
vestment in and maintenance of components; liféeayast; cost distribution between genera-
tions; values of personnel, vehicles, transpomatiieight, processes; data capture; account-
ing principles; and internal control, including wation and recording changes in value.

Growing demands with regard to valuation and accounting

The increasing internationalisation of trade angitehownership has accentuated the need
for uniform, market-adjusted principles for theuation'® and accounting of fixed assétsn
an international perspective. Valuation principtest are being discuss&dnclude principles
for Fair Value, Market Value, Open Market Value pbeciated Replacement Cost, Value to
the Business, Value in Use, Existing Use Value Histioric Cost® The consensus, according
to Edgde, is coming down on the side of Fair Value:

13 John D. Dorchester, Jr., Joseph J. Vella, MAI udéibn and the Appraisal Institute in a Global Emoy: The
European Initiative, The Appraisal Journal, Jani20§0.

4 Clare McParland, Alastair Adair, Stanley McGrefstademic Papers, Valuation standards, A compari$on
four European countries, Journal of Property Investt & Finance, Vol. 20 No. 2. 2002, pp. 127-141.

5 Hans Lind, Erik Persson, The gest for a marketteel value concept that is not current market vaRoyal
Institute of Technology, Building and Real Estatwfomics, ISSN 1401-9175, Stockholm 1998.

16 John A. Edge, FRICS, The Globalization of ReahEsppraisal: A European Perspective, The Appraisa
Journal, January 2001
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“The amount for which an asset could be exchangédden two knowledgeable, will-
ing parties in an arm’s length transaction” (Inagranal Accounting Standard 16, IAS
16).”

In traditional external accounting in property mgeaent, development has been moving
towards greater requirements being stipulated kilard to accounting from a valuation
point of view'’. The idea is often to develop an accounting systeme appropriate for con-
trol with fixed assets divided into componefits

The scientific discussion also includes the questiofreedom to make a clear division be-
tween maintenance and investment in the accoumtishaw repair and maintenance costs are
accounted in a Profit and Loss AccotihfThe component question is considered to be signif
icant in this context. Even though a property iefa physically distinguishable entity, divid-
ing it into components in practice can lead tock kaf clarity on some points.

The rate and approval of the ongoing developmetitearfield of accounting is in practice
determined by the European Union’s approval medmaigihe IAS and the International Fi-
nancial Reporting Standard, IFRS), with a certaroant of delay in individual countries’
rules and regulations.

Briefly, the situation regarding the rules is akofws %

RR 12 Component depreciation: is permitted/encadag

IAS 16 Component depreciation: is permitted/encgeda The new standard (IAS 16,
Property, Plant and Equipment) contains a stringsguiirement regarding com-
ponent depreciation and disposing of undepreciasidual values when replac-
ing components.

"There are many questions that are both of interedtsometimes difficult to handle as
regards component depreciation in respect of mgkland the changeover from Swe-
dish accounting to IAS/IFRS®. "Examples of questions that may need to be areiver
in such cases include: How to handle situationsrevtiee sum of the physically audited
remaining values per component is greater or less the value in the Balance Sheet,
and which in turn is based on Swedish accountifesrand historical acquisition costs.”

In cases where there is a large discrepancy betthedmook value in the external accounts
and the actual value of a fixed asset, the Sweaghskrnmental accounting rules recommend

" Hans Lind, Stellan Lundstrém, Lokalens ratta vardeastighetsvarde och kapitaltjanstkostnadereinliy
sektor, ISBN: 91-7099-466-8, Katarina Tryck AB, &bolm, 1995.

8 Hans Lind, Hakan Bejrum, Nya principer for avskiivy — En strategi for “ratt” bokfort varde pa afféga
fastigheter, ISBN: 91-7289-074-6, U.F.O.S. och SkarKommunférbundet, Repro8, Nacka, 2002.

- Statlig férordning (2000:606) om myndigheters fiokg, Ekonomistyrningsverkets foreskrifter ochnaénna
rad (http://apps.esv.se/ea/kapitel4.html,), 2004:9,1Stockholm, 2004 (och muntlig tolkning av Kinst Lund-
qvist, ESV, 2003).

9 Bo Nordlund, Essays in property valuation and antiag, Report 5:62, Building & Real Estate Econcsni
Departement of Infrastructure, Royal Institute etfinology, Licentiate Thesis, Stockholm, 2004.

20 Jorma Kyrd, Lena Ljungdahl och Gustav Nygren, Eersikt av skillnader i redovisningsprinciper malla
Redovisningsradet och IASBs normgivning, Stockhd004.

21 Bo Nordlund, Komponentavskrivning pa byggnadetrefag som redovisar enligt IAS/IFRS, Balans 3/2004
pp16-18.
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that the depreciation plan preferably be adjusteassto reflect the real values as closely as
possible.

The international cooperation organisations fodrgaestions have given the need for ben-
chmarking of road management in different countaiggominent position — a need that con-
stitutes a very good reason for bringing uniformdyand improving the valuation and ac-
counting of road capital in a road management petsge.

Asset management is increasingly becoming an iatggrt of any state transportation plan.
This is the reason why institutionalisation of dssanagement is seen as an obvious step
towards making it a part of the planning procesSCD, 13-Dec-2000). Measures are largely
planned per component in road management.

Division of fixed assets into components

As far as roads are concerned, the question of cnargs in the internal accounts has been
taken up in the perspective of improving the bésisnonitoring and control of road man-
agement activitie¥. Depending on limits and definitions, a road comgni’s acquisition
value can exceed the corresponding value for aevbielce of real estate.

Different valuation techniques
Table 3.1 lists the valuation techniques that amieable to pavement and highwdys

This research illustrates the modified integrafiamework of GASB, applying the cost ap-
proach for valuing pavements according to the renendations of the AIREA (American
Institute of Real Estate Appraisef§)and because it explicitly relates asset valysai@ment
value to performance and time.

“With the cost approach, asset value can be detexhfrom the pavement replacement
costs and accrued depreciation. Accrued depregigiestimated on the basis of physi-
cal deterioration and functional obsolescence.”

“The results demonstrate that the cost approactuczgpthe relationship between
pavement value, performance, and time and candsttoscapture the added value of
pavemenmaintenance activities. The results also showttietost approach can be
incorporated into various management systems agd assa common basis for evaluat-
ing investment trade-offs for different types dirastructure in order to enhance the
overall value of a mixed asset base. The resudtsiatlicate that the cost approach can
provide a useful common basis and language foudsons among engineers, manag-
ers, and stakeholders and is a powerful concegrfbancing the planning and invest-
ment decision-making process. The results are paligruseful to agencies involved in
upgrading their infrastructure management systenmscorporate asset valuation and to
other researchers involved in developing and ity useful approaches for infra-
structure valuation in existing management systems”

%2 Berth Jonsson et al., Draft final report on roagital with application examples (not officially iglished),
SNRA, May 1993.

3 Herabat-P, Amekudzi-AA, Sirirangsi-P, ApplicatiohCost Approach for Pavement Valuation and Asset
Management, Transportation Research, Record, 20822) pp219-227.

% The Appraisal of Real Estaté” 8d. American Institute of Real Estate Appraiskts,1987.
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Valuation

Techniques | Features Applications/Limitations
Cost » Derives pavement value from re-| « Useful for valuing assets which are not fre-
placement cost, physical deteriora- quently sold in the market or where no matr-
tion, functional obsolescence and ket exists
external obsolescence * Relates pavement value with its performance
and time
Productivity » Based on the net present value of « Appropriate for toll highway by discounting
Realised the benefit stream of the pave- its future cash flow
Value or ment/highway for its remaining | ¢ Possible to apply to public pavement/highway
Income life by studying the current or future benefit of ja
Capitalisation pavement
¢ Requires several assumptions
Option Value | < Derives pavement value under ces- Can be applied as a decision-making tool for
tain circumstances, e.g. specified  maintenance or rehabilitation investments
number of cumulative ESALS or
minimum acceptable level of
pavement roughness
Relative Value| < Estimates pavement value by com- Applicable to toll highway and public high-
parisons with other pavements way by estimating value based on traffic vo-
based on common attributes such  lume
as traffic volume et
Market » Based on market price by compati- Applicable to sales of highway pavement
Comparison son with recent sales of pave- ¢ Only few pavements/highways are sold in an

ment/highway

open market

Table 3.1Valuation Techniques Applicable to Pavements aighidays (Herbat-P et &)

It is also said that the asset valuation is bote@momic and an accounting concept that
measures the value of an asset but it focuses omoaecounting principles than on economic
principles. Pavement valuation methods must extercclude economic principles as well.

In one articlé® published, a team of researchers present differdnation approaches that
support different purposes, and discuss the impoetaf selecting appropriate valuation me-
thods to achieve different objectives.

“Valuation is a critical component of asset managenfor civil infrastructure because

it provides a means for evaluating facilities whoakie is to be preserved or enhanced.
Although the basic concept of valuation is gendhiere are various quantitative ap-
proaches for valuing assets. These approachesecelagsified to provide guidance for
selecting the right valuation approach to accorhpli$ferent asset management objec-
tives. Various approaches are examined for valassgts in transportation corridor, fi-
nancial, and corporate real estate asset managémenthe viewpoint of the purpose

of valuation”.

%5 Amekudzi-A, Herabat-P, Wang-S, Lancaster-C, Muifmse Asset Valuation for Civil Infrastructureigxi-
ing Valuation Approaches with Asset Management €tbjes and Stakeholder Interests, Transportation Re
search Record, 2002, (1812) pp211-218.
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Table 3.2 shows some examples of measures or tndsoaf value for the transportation sys-
tem from various stakeholder viewpoints.

Stakeholders Measures or Indicators of Value

Users — General Public Mobility/Accessibility, SgfeDurability, Envi-
ronmental Quality, Functional Obsolescence

Financiers/Owners — General Public Accountabilitg éiscal health of transportation
agencie

Engineering and Construction Professionals Usee@ibgs, Infrastructure Improvement Op-
portunities

System Managers — Operation & Maintenance Econéfiiciency, User Objectives

Investment Decision/Policy-Makers Overall conditenmd level of service of the system

Community — General Public Physical functionalégpnomic impact, environ-
mental impact, social impact

Marginal Populations, e.g. low income, racial| Equity in benefits and burdens of transportation
minority and elderly communities improvements

Table 32.2Value Measures for Transportation Facilities bgkBholder Interests (Amekudzi-
A et al.®)

There are four common dimensions specified “undackvvaluation methods can be classi-
fied for infrastructure valuation:

1. They may be either future based or historidadiged:;

2. They may be either costs based or benefits basdxabth;

3. They may have different sets of value indicaborthe valuation function; and
4. They may or may not characterize the risks wéstment.”

The article discusses multidimensional asset viaoias a function of the types of value pa-
rameters used. Figure 3.5 illustrates how valuatidixed assets can be based on historical,
known costs (book values in traditional Swedishxigjaor on indications of future benefits
(Productivity Realized Value) or on current acaiosi cost (replacement value). Information
consisting of all types of valuations can improwatcol still further, since control is in itself
future-oriented.
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Figure 3.5 Multidimensional valuation chart for civil infrascture assets (Amekudzi-A et
al.?d

The following are the examples given in the artai@nportant questions that must be ad-

Benefits

4

E.g., Productivity Realized Value

> Future

Past < -
v

b
(Nt
g
j?;r'

E.g., Book Value

E.g., Replacement Costs

Costs

dressed when a valuation approach is chosen.

orwdE

o

In table 3.3, the framework discussed is usedassifly existing valuation approaches and

When is it appropriate to treat past costs akesucosts?

When is it relevant to use future based versisiical costs?

When does it make sense to use benefits insteamsts for valuing assets?
When does it make sense to use both costs aeditsdo value assets?

What are the appropriate measures, attributesdwators for valuing an asset and

why?

How can asset valuation approaches be integnadedhingfully within legacy manage-

ment systems?

illustrate the potential uses of different valuatinethods.
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Category of Examples of Data Availability/
Approach Approaches Uses Accuracy
Present Value of Book Valué « Indicator of health of Data readily available/
Past Costs Equivalent Present infrastructure agen-| Relatively higher accu;

Worth in Plac®

cy
¢ Public accountability
Benchmark of relative
condition level of as-
sets

racy

Present Value of Fu-
ture Benefits

Productivity Realized
Valué” or Income Ca-
pitalized Value

» More easily applica-
ble to income-
generating facilities
such as toll road

Little data available/
Relatively lower accu-
racy level

Net Present Value of
Past Costs and Benefi

IS

» Benchmarking facili-
ties by relative utili-
ty/ obsolescence

« Assessing agencies’

investment efficiency

Data readily available/
Relatively higher accu
racy

Net Present Value of
Future Costs and Beng
fits

Net Present Value

D

* Value-based asset
management

Little data available/
Relatively lower accu-
racy level

Market (Relative)

Written Down Re-
placement Costs
Market Valué

* Asset sales

Relatively little data
available only where
facilities have been
traded on the mark

Income Retrievable
from Components

Net Liquidation Valu2
Salvage Valu®

* Facility recycling or
disposal

Data from similar facil
ities re-
cycled/Relatively high-|
er accuracy

Option Valu®

* Canbeusedas a
decision-making tool
for unusual circums-
tances; e.g. valuation
of a highway being
converted into a con-

gestion pricing facilit

a)
b)

©)

Present worth of capital and subsequent costsset a@gpreciated to the present.
Represents worth “as is.” Based on historic codjgsted for inflation, depreciation, depletion amelar.
Represents value of asset in use. Present wofthuwe benefits for the remaining service life loé facility.

9 Uses current market prices to determine costshailceor replace facility in its current condition.
® Price that buyer is willing to pay.
" Present worth of amount obtainable from sellingtioéf components of the asset over a reasonabkadpefritime.
9 present worth of the amount obtainable from disppsi or recycling facility.
" value of asset in specific circumstances.

Table 3.3 Example of Valuation Classification for Civil hafstructure

It is concluded that this is an appropriate timadwance the scope of valuation tools to
reflect multiple considerations in modern transgtioh planning, especially in the context of
active research on sustainable transportation pignatrategic environmental assessment,
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equity evaluation for transportation system invesits, and state and local activities driven
by the GASB 34 requirements.

Accounting of depreciation

The principle of depreciation according to pladégply rooted among economists. Tough
discussions of principle are taking place aroumrdvtbrlid with economists who defend the
current principles of depreciation of the valuess$ets according to plan also in internal
accounting. The introduction of an efficient TAMopess, that will among other things
handle the political directive to maintain the razgbital in an appropriate manner, will
generate a need for better quality information dimagls, also a need for new principles,
primarily for the accounting of assets and costs.

In an articlé®, Sherrie Koechling takes up various argumentsshatld persuade those re-
sponsible for results to abandon the method ofedggtion according to plan. One argument
deals with asset management’s focus on the valdie#&cts of continuous maintenance on
an asset over its whole life cycle, unlike the ®audepreciation according to plan, which is
on the continuous deterioration of the same asslbut considering the appreciation brought
about by maintenance, with undervaluation as thelte

Many defend depreciation according to plan by clagrhat the method is simple and cheap
from an administrative point of view. If the patiéil directive is to be reflected in the ac-
counts, both the depreciations according to plahthe TAM registers must be continuously
updated for collation reasons. To achieve the tyuadguired in the accounts, improvements
in capital must also be treated as increases ire@r example additional investments)
and/or as a prolonged depreciation period. All tbge the effort involved in maintaining
good order in the accounts from the point of vidwantrol is roughly the same as in a full
TAM system. The quality of information, however |\vgtill not be as good as in an account-
ing suited to TAM requirements.

In another argument, Koechling points out thatrttest primary objective of any accounting
system is to supply the users with usable inforomata fact also established in the Financial
Accounting Standards Board Concept Statement NQuaJitative Characteristics of Ac-
counting Information (1980). It also says that Usahformation must have two primary cha-
racteristics: relevance (applicability/appropriaes) and reliability (trustworthiness).

The information is relevant if it is significantrfthe user’s decisions and it is reliable if it
represents what it is intended to represent. Indtion about when to carry out maintenance
in order to preserve the value of the asset ibgttormation for the service of the asset than
its book value (the historical acquisition valusd@ccumulated depreciation). In addition,
information about how an asset’s condition deveisprore relevant to the user than the
book value when road management’s problems and oestd to be described to citizens in
general terms.

According to a third argument, infrastructure il valued more highly as a financial asset
than as a “cost already accounted”. When the vafltiee infrastructure is known and life

cycle costs become more predictable, the valukesfe assets will play an important role in
the budget process. Regardless of whether mainteraosts are calculated using depreciation

%6 Sherrie Koechling, How to Convince Your Account@htit Asset Management Is the Correct Choice For
Infrastructure Under GASB 34, Leadership and Mansagd in Engineering, January 2004.
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or asset management data, the value of the asseébmunown. The amount of the value,
however, will be important when drawing up the beidd-or example, it is considerably more
difficult to argue for 30,000 SEK in annual mairdece costs for a car worth 90,000 SEK
than for one worth 500,000.

In a fourth argument, Koechling highlights the m@sgibility for the physical and financial
health of infrastructural assets, the obligatiomgtintain accounts, and the reporting of deci-
sions, plans, and the use and control of publid$un

In the last argument that will be taken up in toastext, Koechling claims that there is no
better "music” to an economist’s ears than thatething "saves money”. It has been repeat-
edly shown that preventive maintenance can redfeceyicle costs 6 to 10 times compared to
a "take the worst first” strategy. The importanéeund the increased efficiency in being able
to change maintenance strategies are also takby ofher’ researchers and investigators.

The TAM process creates exceptionally good contrals needed for long-range planning,
monitoring and control — tools that also lend doddy to the financial description when more
funds are needed for the routine maintenance stiegiassets necessitated as a result of un-
der-financing of the investments.

Yet another reason is that the Government, wittebetcounting of assets, can get better
terms in the financial markets, which will resuitlower costs for capital. Having a value
(high) both for the infrastructure and for its fircéal obligations creates a more balanced pic-
ture of the Government’s financial position.

3.8 More theoretically oriented research

One articl€® discusses a dynamic investment model for infrasire in the form of a
broadened Ramsey model for half-open economiesba@bie theoretical framework for
accounting infrastructure is described on the bafsits significance for economic growth. On
the other hand, the article ignores the practicalblems associated with designing the system
itself.

In the model, the value of an asset is describedrdag to the following accounting
principles: 1) it is determined as a replacemehiesaalued on the basis of a standardized
quality level (q); and 2) the annual maintenances;dR(q), that are necessary to maintain
quality g permanently. Quantities and qualitiestegated separately in the model, which also
contains economic indicators. These are intendéacibtate drawing up an optimal control
policy for an infrastructure of variable value.

Principal among the problems emphasised is theobampirically determining the marginal
efficiency of the infrastructure. There are detafishe infrastructure’s established and
accumulated productivity, but no information abthé differences in the length of useful life

%" Ekdahl Peter, Deterioration Models and Road Chpita Tools in Performance Contracts for PavemeinM
tenance, Lund Institute of Technology, 2001.

R. J. Gerke, Road network maintenance — the bigggssThe Institution of Engineers, Australia, 19BN
0858255758)

8 Muneta Tokomatsu, Kiyoshi Kobayashi, Ryo Ejirifrastructure Management and Economic Accounting,
Japan, SVF Konferens, Jonk&ping October 2004.
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of the capital tied up in the infrastructure angbiivate investment. In order to be able to
determine the marginal efficiency of investmentsinastructure, the model must be able to
take these differences into account. It is theeef@cessary to also develop methods to
determine this marginal efficiency.

Secondly, a help function is needed to specifyotitemal quality level. It would in this
respect seem to be important to accumulate embinfzamation about willingness to pay for
different levels of service in the infrastructufdwere is also a need for some form of
accounting of Profit/Loss indexes as regards tfrastructure’s value from the point of view
of the taxpayer.

The third problem mentioned is that the study dumdake into account monetary problems
in the financing process, such as inflation, latkapital, and budget restrictions. These have
an extremely limiting effect on a practicable model

The length of useful life of investments is a sigaint factor as regards management strategy.
It is common for the life of investments to be nipitletermined on the basis of assessed
physical or technical durability, not economic li@ne of the most efficient ways of handling
an infrastructure project can be found in the madéaccounting (Management accounting).
This system does not however express sacrifice® madaxpayers or road users. The
Government’s tight budget restrictions require @eaescriptions. Most of the infrastructure

is used by several generations over a long uséfullihe sacrifices made by different
generations for the infrastructure and its bernefthem should therefore be clarified by
generational accounting.

For management based on a long-range approachiepigated rebuilding of the
infrastructure, the length of life chosen shouldbpémised either on the basis of each
generation of the infrastructure or the lengthimktthat gives the maximum economic value
over a very long series of generations. This ma#tiea maximisation problem is studied in
an articlé® both from the point of view of the generation cepi; and on the basis of
different economic prerequisites.

The conclusion drawn is that, contrary to the rssofl conventional discussions, and
primarily among designers, a very long life foriragée generation of the infrastructure or for
several generations does not necessarily needttelmptimum in a long-range perspective.
It has also been shown that the optimum life f@hegeneration when several replacements
are made can vary, for example when traffic flomgease. In the same way, but in a
scenario with decreasing needs, the infrastructg need to be removed. If society is
forced to maintain the infrastructure for a vergdgeriod, its useful life for each generation
should be long in order to reduce the replacemestisc

At the present time, it is common to use asset g@mant systems in civilian operations to
minimise the discounted costs of repeated maintanand rehabilitation measures by means
of dynamic programming. One articfanalyses the effects of the discount rate.

29 Takayuki Ueda, Economically Optimal Lifetime oftiastrukture, Tokyo Institute of Technology, SVK o
ferens, Jonkoping, Sweden, Oct 2004.

% Kiyoshi Kobayashi, Kenneth Kuhn, The Temporal Bittion of Cost in Discounted Cost Minimizing Asse
Management Policies, Kyoto, Berkley, SVK Conferenkimkdping, Sweden, October 2004.
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Using a simple decision model based on the priaaplasset management different scenarios
were studied with periodic, recurring rebuildingtsy partly with uniform maintenance costs,
but also for cases with uncertain system dynariics.article also discusses the weak points
of the discounted cost minimisation technique. &@mple, it is shown that future
generations’ costs are generally over-emphasisadmiting the discounted costs often leads
irreversibly to a potential need for marked incesais authorities’ appropriations. It is shown
that permanent cost minimisation can be achievedoasblems avoided if the average cost is
minimized instead.

The analyses described in the article are partigulaportant for illustrating the dangers
involved in the method of minimising the discountedts that is so popular and in common
use in asset management. The article emphasidasithenportant that the users are aware
of the method’s weaknesses. In those cases wherg assts and uncertain factors are
judged to be less important, the average cost nsation method can be regarded as an
alternative to minimising the discounted cost.

Another articleé® describes a combined accounting system for a hgfiol infrastructure
project, where each generation’s net costs angrthject’s total cost are shown. The conclu-
sion drawn in the article is that insufficient fii@ang of maintenance over a defined period
causes an unfair cost burden between generaticns iasreased life-cycle cost and also
leads to a project manager being assigned to dpaavmaintenance plan that takes the results
of generational accounting into consideration.

In Jonsson (2005) a more detailed overview of iteedture is presented, but the focus in the
additional parts presented below is how the TAM-glain be used and implemented.

3.9 Discussion and conclusion

The aim of this review is to provide a well-suportview of the basic issues connected with
an accounting model, based on the ideas behindpoatation Asset Management.

- What are the requirements with regard to the aatiog of road capital in road man-
agement?

- What reasons are given in the public debateridragainst a new form of accounting as
opposed to the traditional method?

- What accounting models exist, i.e. what road coments, valuation methods, and ac-
counting principles can be discerned, are apptiedse claimed to be under develop-
ment?

It is quite clear from the evidence that therentse@ased pressure for efficiency in road man-
agement around the world — a pressure that has li@ development of or a demand for the
development of ways of monitoring and controlliogd management processes, financing,
and opening up production to competition, includieyv forms of contracts with a redistribu-
tion of responsibilities and risks between clieml @ontractor, with incentives built-in. The
forms and techniques for reporting and maintai@rialogue with governments, road users
and taxpayers are currently under development.

%1 Keiichi Kitazume, Combination of Management anch&ational Accounting System for Infrastructure
Projects, Kansai University, Osaka, JaggvF Conference, J6nkdping, Sweden, October 2004.
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Developments in technology have led to more efficdata capture. Interest in TAM and the
principles for which it stands (for example theegration of engineering and financial skills
and systems) is therefore great among road au#®and organisations around the world.

Countries’ values in infrastructure and its asgedaosts and benefits represent enormous
sums of money. This is evident from several documstudied. Different ways of valuing
publicly controlled road capital are discussed.@upcan be found in the various discussions
for several valuation techniques. Roads do not atlyrhave any real market value in a free
and open market. This means that valuation teclesitpased on earning capacity, surplus and
similar, are of less interest at the present tirhemit comes to valuing road capital.

From the point of view of control, appropriate infation can be found in a cost value based
on factors such as replacement cost, physicalideton and functional obsolescence, in an
option value based on knowledge of for example@mum acceptable level of pavement
roughness, and in a relative value based on, famele, a comparison of other factors such
as traffic volume, but also in some kind of incooagitalisation based on the net present val-
ue of the benefit stream for its remaining life.

The review shows that models and principles fopanting fixed assets in roads are being
developed in many countries around the world. Se\euntries, American states, and writ-
ers, are of the opinion that road authorities sthairh for condition-related valuation, to al-
low maintenance measures to affect the value aohstallations. Different ways of account-
ing in this way can also been seen.

The clearest requirements with regard to the adoogis that it must be able to show in an
easily intelligible way, how appropriations anddaxhave been used, what the road manage-
ment costs are, how the road installations’ vahsge changed and what deficiencies remain
in the road network or, in other words, what furgdiill be needed in the future.

The only significant argument that can be foundkieeping to traditional accounting is ad-
ministrative simplicity. At the same time, all thdticles state that the advantages of quality-
related accounting outweigh the disadvantages.dkatre unanimous in their belief that the
increased costs involved in a new form of accogntiain give savings that exceed the costs.
Some articles emphasise the possibilities to retheeost of data capture and data
processing through the use of new technology avnerakexamples of this have also been
given (see Appendix 8).

One significant advantage mentioned in the litesin connection with describing the needs
of the TAM process, is that condition-related actmg will increase efficiency in the road
management processes and the dialogue with thaytaesgpand other stakeholders, and thus
also increase understanding for the problems id neanagement, planning (including re-
source allocation), budgeting, follow-ups, and actability.
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4 AN ACCOUNTING MODEL FOR ROAD CAPITAL

4.1 Introduction

In the following, an attempt is made to describ@ppropriate model for accounting road
capital. There is no generally accepted definitbthe concept of road capitalHowever,
this has not prevented the term from being usedany different contexts for more than
twenty years. What the term was being used to teferas generally clear from the context.
If road capital data is to be used for monitoring amanaging purposes or in construction
contracts, the concept needs to be clearly defined.

A fixed asset according to Swedish accounting egguis is “an asset intended for permanent
use or possession”. A general requirement is ticahgpany’s fixed assets are accounted and
valued individually in an asset register. A fixessat at the SNRA has an acquisition value of
SEK 10,000 or more and has an estimate life oktlygars. It must be owned for the whole
period and must be used in some way in the Admnatieh’s operations.

The SNRA'’s final accounts today contain an itentechRoad infrastructure without any fur-
ther division into subgroups. The item is the sdrthe acquisition values of past road in-
vestments less the total accumulated depreciatidghe@assets. Depreciation according to
plan is linear and all road installations have esnemic life of 40 years, which means that
road installations are currently depreciated &% Zemi-annually.

Why the economic life is set at 40 years is noacl&'TI studie$ have indicated that the eco-
nomic life of road investments can vary widely,nréwenty years around major conurbations
up to a hundred years in sparsely populated a@@sexplanation might be that 40 years is a
an assessed average life that is applied when dior@ng engineering investments (bridges,
are for example, dimensioned for a life of at léfsyears and road surfacing in practice has a
life of between 10 and 15 years).

When we study roads’ different components, theamemic life varies from a few years for
certain types of surfacing to over a hundred y&@arsome bridges, tunnels and country roads.
These variations are highly significant when ddsog the costs and finances of road mainte-
nance.

Road investments are financed for the most pastitiit appropriations that are settled with
the Government annually. Investments are alsoypfntinced by loans that are amortised
over shorter periods than 40 years. This finanoweglel means that the SNRA’s equity gains
a capital item called State capital (previously ®Roapital and Written-up capital).

A note to the Balance Sheet details the volumew#stment (new and settled) in road infra-
structure for the year and the reduction in Staf#tal covering depreciation of road infra-
structure for the year. The SNRA'’s net profit acliog to the Profit and Loss Account
(Change in capital for the year) is quite naturalygative with the accounting principle ap-

! Ekdahl Peter, Deterioration Models and Road Cha#ta ools in Performance Contracts for PavemerinMa
tenance (Nedbrytningsmodeller och vagkapital sorktyg i funktionsupphandling av vagunderhall), Lund
Institute of Technology, 2001

2 Jansson Jan Owen m fl, Publication ? around 1994
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plied, since “Depreciation of road infrastructuireahced through appropriations” is taken up
there as not yet financed.

When politicians speak about maintaining road edflitey are not, generally, referring to the
values booked under Road infrastructure or StgigatdRoad capital/Written-up capital. This
would have no practical importance, especiallyesithe reported depreciations do not reflect
the real change in value of the road investmeMsiritaining road capital” normally has a
more practical meaning, i.e. that the SNRA enstivassthe roads continue to fulfil their in-
tended function through maintenance, preventiv@aetc. Sometimes, the term also in-
cludes increases in standard to keep pace witlketsteechanging needs and more stringent
demands.

The national transport policy demands that corasdiar as possible take into account the
values, both positive and negative, that exisnith @are created by the transport system. The
basis, as regards the national economy, for aitefirof road capital is relevant but due to
complex linkages with "most things” in society wilardly lead to a uniform, controllable,
and credible value of road capital appropriate tmitoring and management.

A physical valuation of the road capital can be emxdm a number of starting-points. A
functional value might be based on the expected@o@ effects on the customers’ trans-
ports. Alternatively, the functional value couldlsed on the expected society’s direct costs
in respect of personal injury and negative envirental impact, for example. The physical
valuation could then be made on the basis of thevog perspectives:

- The road user perspective, which would give a wadnéased on transport economy
covering the costs of travelling time, vehiclegidht, and ill health with regard to pas-
senger and freight transport.

- The political perspective, which is fundamentallgdistic perspective. The political
perspective is limited here to the direct effectssociety of accidents involving per-
sonal injury, environmental damage, impact on negi@conomy, and other conse-
guences for public responsibility.

- The road manager perspective, here limited to alpilusiness-economic perspective
with technical-economic aspects (a focus on quahitgductivity, and life cycle).

The national transport policy with demands on edficy covers all three perspectives to-
gether. A prerequisite to be able to make systematiiform valuations of road capital is that
clear criteria for making assessments are estaolishhe criteria for the quality-related
valuation of road capital can be defined for thedhdifferent perspectives.

The consequences of the criteria set need to il up and evaluated continuously as a
basis for any adjustments in the endeavour to @etdas good a national economy and as high
a degree of customer satisfaction as possibleriét givision into three perspectives (see
above) with a systematic follow-up and monitoririghee road user and politician perspec-
tives allows the valuations to be based on a roadlager perspective where control continu-
ously takes the national transport policy into édesation. These starting-points in the valua-
tion model mean that the valuation of the roadtefs linked to the national transport policy
in such a way that policy changes can be alloweadhémge the condition values of road capi-
tal in a controlled way.
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The road manager perspective in such a valuatiwivas administering the road capital with
the highest possible productivity within the “boanés” set by the criteria “established” by
the road user and politician perspectives (and kvare also followed up and evaluated con-
tinuously). A systematic effort to develop produitsi requires extensive knowledge of ac-
tivities costs, and the developments of costseprand cost drivers.

Maintaining (in respect of the installations thed to be officially “maintained”) productivity,
quality, risk and efficiency aspects are centrahtoroad manager perspective. An appropri-
ate valuation of road capital and its deficienaksuld therefore support control and monitor-
ing of road management with regard to these aspgestexample, changes in value and the
values of deficiencies should be able to be reltdatbtails of costs, quality, productivity,
risks, and effects for society and road users.

4.2 Basic approach and concepts

4.2.1  About the models in general

One basic idea behind scientific model construcisaio establish congruencies between logi-
cal systems and external “natural” systemiBhe infrastructure capital has been created over
a long period of time and with great variationgjurality and is still being created through
investment and long-term maintenance. The aim @efict the actual quality, consumption
and economy of the road network by means of a #teat accounting model for infrastruc-
ture capital. The picture in the quality-related@mting will be drawn such that values and
costs are also based on transport policy requiresiegarding socioeconomic effectiveness
and customers’ expectations.

At the same time, traditional external accountmaglso carried on, arranged according to the
regulatory framework of the Swedish Bookkeepingi@adce. In content, the two systems
will complement each other. The quality-relatedoacting will for example comprise acqui-
sition and maintenance values and consumption aalityjdeficiency costs for the entire
state-administered road network. The external atooy comprises acquisition values added
over the last 40-year period and depreciation dostthem but also the maintenance costs for
the entire road network. The external accountisg abntains all the road network’s operat-
ing costs. One requirement is that differencesénhodels’ accounting of one and the same
road installation must be able to be explained.

Descartes’ principle of “arranging one’s thouglutsihalyse the complex by dissecting it into
its simple elements” should apply to the qualitipted accountingThe physical quality and
economic reality of the road installations’ indivia components will form the basis of the
accounting.The reason for this can be exemplified by the flaat a lighting installation’s
changes in condition, price and value do not heeesame causes as for other components or
for the road network as a whole. Knowledge of htligg installation cannot explain all bound
wearing courses’ wear or economic price or valaads. The extension of the original paving
will e.g. change over time through maintenance mess The components in the original
investment project will have prices that developliiferent ways. In other words, the differ-
ent components do not follow the same dynamic |&Ws.total values of all the road net-
work’s components make up the total quality-relatestl capital — a complex concept. This

% Pa tvars i vetenskapen (Across the scientificifiel
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fact is the main reason why it is the elements ¢tihraponents) that constitute the foundation
for the structure of the quality-related accountimgdel.

Value appraisals of components and of the measargied out on components will be
adapted to the requirements stipulated in the p@mpolicy and customers’ expectations as
far as is practicable. Corresponding totals addeddd capital and for entire road projects are
also assumed to be adapted in a similar manneaatipe.

4.2.2 Road capital and other concepts

Road capitals defined in this thesis on the basis of roadagement’s needs in respect of
resource allocation, control, monitoring, analysisl reporting as follows:

Road capital is a condition-related value of phgisioad infrastructure at current prices.
The value appraisal is based on actual expendiu@cquisitions and measures and
systematic technical assessments of how far thetitumal quality meets the require-
ments stipulated in the transport policy regardingioeconomic effectiveness and cus-
tomers’ expectations.

The value of road capital is determined for evemyponent in road installations on the basis
of actual expenditure or by means of retroactivefluing in” installations using for instance
standard values. Road capital for a road installasingle section of road, sections of road in
an area, roads and networks is made up the sune eblues of all the components con-
cerned.

A deficiency in a road installation’s standard, dition or function is valued on the basis of
“best available knowledge” of technical deficierscand costs of applying measures. In the
case of deficiencies in standard, the cost of thasures and the financial effects for society
and road-users are documented according to “begable knowledge”. When the current
condition value (road capital) of an installatisrdietermined, the replacement value is re-
duced by an amount corresponding to actual wegradation or ageing according to “best
available knowledge”. The amount is based on tis @bapplying the measures. The quality
scale is determined using “best available knowledfisocioeconomic calculations and road-
users’ expectations. All information is verifialdad quality-assured in transparent routines
that involve everyone responsible in the orgarosati

“Best available knowledge” means that the mostitjedlspecialists in each technical and
specialist area has been responsible for the dafigiassessment, analyses, calculations and
information in question on the basis of the beswkidge that is available. In quality-related
accounting the specialists’ documented informaisomsed in a systematic and structured
manner according to principles that in all esséntiarrespond to good accounting practice.

The appraised value of an individual component bellbased on actual expenditure or stan-
dard figures. The cost of applying measures irticgldo a component’s maintenance is as-
sessed on the basis of efficiency, disregardingniral factors such as interest, alternative use
of capital, return, or lack of capital. On the athand, the interest cost in the acquisition
value of an individual component that burdens th&tractor and the road manager during the
construction phases is taken into consideration.
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In the internal accounting of road capital all \alan is done at current price levels, which
means that the acquisition value of an installaitiotihhe accounts is adjusted to the actual
price level at the time of accounting. The adjusttmesults in a replacement value, theoreti-
cally equivalent to the expenditure at the timaafounting for a new acquisition of an instal-
lation in an open construction market. This typsuwtcessive upward adjustment will be han-
dled by means of price indexes.

Acquisition valuas either the historical (real) value if it is kmo or a calculated (standard-
estimated) value if it is not. For roads that hbgen produced as a result of improvements
(gravelling, ditching, etc) over a long period arat through new construction, standard esti-
mates are the only way of arriving at a correctigal

When investments are made, investment expenseacguidsition values are known in most
cases. For practical reasons, most of these ineessmvill also be valued using reference
standards.

In the 1A’s proposal, the quality- and functionatdd accounting of road capital is based on
an index-adjusted acquisition value at the actuakgevel for each year, tieeplacement
value

On the basis of the Replacement value, a valudeadjusted for wear, deterioration, or im-
provement in the condition of a road’s componeryg.(ad structure, pavement, bridge etc).
An adjusted value of the current condition is achlleeCondition value

An existing road may also have real and documeshéfidiencies as regards standard. A road
with no deficiencies in standard keeps its phygi@ajet standard and then has an acquisition
value equivalent to it¥arget standard value

Existing roads often have deficiencies in both déad and condition. A deficiency in stan-
dard means a deviation from an established tatgetiard, based on functional requirements
motivated by the economy or requirements set bganimind those risks that are acceptable.
The functional requirements include factors suchasmitted vehicle weight, traffic flow,
permitted speed, safety, and the environment. iBRehat a road’s function will be disrupted
or its surroundings affected may for example becéd by abnormal weather, natural disas-
ters, geotechnical issues, design, or differerdkiof accidents.

Deficiencies in standard are rectified through ste@ent in the form of new construction or
improvements. The action taken may be to permaneptirade thele factostandard the

road has and at which it is permitted for use. Ty take the form of raising a road’s bear-
ing capacity from bearing capacity Class 2 to mepdapacity Class 1 or increasing a road’s
width, radius, or visible distance, improving ragafety in adjoining areas or at intersections,
building barriers to shut out traffic-related no@eprotecting water catchments along the side
of the road from pollution.

A deficiency in condition is a deviation in conditi relative to the original condition of the
component when it was new, or from the permittattfion with no wear, deterioration or
damage. A deviation (deficiency) from this ideahdiion may result from natural ageing,
wear, fatigue, rearrangement and breakdown of matégen the technical construction (e.g.
bridges, pavement, road structure, geotechnicatoactions etc).
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Other examples of deficiencies in condition mayrbeespect of traffic direction (impaired
reflection of road signs, worn road markings), dagje (silted-up ditches and culverts) and
safety installations (damaged fences and guars) rail

An abnormal deficiency in condition must primatilg prevented or arrested through service
in the form of maintenance and operation. Whenkaroemal or normal deficiency is rectified
through maintenance, the purpose is to restoréuti@ion or condition to its original, ex-
pected, or acceptable state.

Sometimes the action taken may for financial reagmncombined with other measures to
achieve an improvement in standard.

The definition of action used in this paper referboth investment and maintenance. In all
essentials, the definitions used in this papeirasgreement with those used by the SNRA.
The termmaintenances based on the Swedish standard and is not ugkedhs same mean-
ing at the SNRA.

Investmentsire made in a financially justifiable manner amguch a way that the stan-
dard is permanently raised, in the form of a nesd@r improvements to an existing
road. An existing installation may also be repladedexample to allow land to be used
for other purposes or to reduce road managemets. dogestments are categorised as
follows:

e New construction,e. a new road installation, which will normadiijve society
and/or road users a permanent added value an@/er total maintenance costs.

e Improvement,e. improvement of an existing road installationa way which will
normally give society and/or road users a permaaédéd value and/or lower total
maintenance costs.

Serviceaims to maintain the actual permitted and expefttection and condition of an
existing road installation in a financially justifile manner through planned and/or emer-
gency maintenance measures. Service is categ@ssidlows:

e Maintenancewhich has a long-term effect with the aim of maining or restoring
the existing road installation’s permitted functi@md/or its condition. The measure
lasts for more than a year and is almost alwaysiplesto plan in time and/or
scope. An abnormal event (storm, landslip etc) make it considerably difficult
to plan.

e Operation,the purpose of which is to maintain in the shamnt¢éhe road installa-
tion’s function for the road user, primarily as aeds road safety, accessibility and
trafficability and to rectify severe deficiencidgt jeopardise the installation’s du-
rability and or may have undesirable consequeraeissfsurroundings.

An operative measure has the nature of an inspeatid fast corrective action to

rectify a defect that has arisen suddenly. The nredasts for less than a year and
is often difficult to plan in time and/or scope.
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In figure 4.1, the linkages between the differgpet of action have been outlined graphi-
cally. The figure also shows how action taken déecathe value of a component (road capi-

tal).

|New constructionl \
of component
Investment
Road measures that in the
mof long term change a
existing component > component’s recorded
Road value and actual standard
m and/or condition
Value-adding_
of existing component )
Upkeep
-~ Road measures that do not
|Operation| and routine - chan%e g colmponentf
maintenance of existing re(_:or sl exce_p
component possibly only the condition
- in the short term

Figure 4.1 Relationship between the concepts used for roasuare and the value of the road
capital.

Established accounting principles govern to whagmxexpenses in respect of any of these
types of action are to be accounted as costs entaf as assets and periodised as annual
costs.

4.2.3 Valuation of components

Function-, condition- or quality-related conceptattwill be described in more detail in this
section are Target standard value, Replacement M@lndition value, Standard deficiencies
and Condition deficiencies. These conceptionslhvélhpplied to the different components of
the road. Why this is done on the component lessdiscussed in section 4.3.

1. The basis of the valuation is the componengs aequisition value according to the ex-
ternal accounting, or when this value is not kn@awmell substantiated standard acquisi-
tion value.

2. Acquisition values are adjusted continuouslguoent price levels (Replacement val-
ues) by write-up against an external resource nigex (from Statistics Sweden) for
each component type. The component types’ inderkedsare checked against actual
prices regularly (for example every five yearsewous years’ reference values (for
example from the Annual Report) are adjusted afied& according to established prin-
ciples. A road installation’s Replacement valuerezpes a current value for the instal-
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lation "as new” with its actual design and standaslit is permitted to be used and is
expected to function.

3. Quality-related values of components are baserbets for rectifying identified defi-
ciencies in standard and condition relative tofe®”, as expressed by the Replace-
ment value.

4. "As new” in respect of a road installation candompared to the standard the road in-
stallation should have according to existing raed regulations and which is based on
economic analyses, official decisions, and/or amszraffic engineering knowledge. A
Standard deficiency is an indication that the itesian should have another standard
than the one it in fact has and is permitted tode for.

Standard deficiencies are classified (grouped)daramunicable way using the termi-
nology used in planning and in dialogues with pafins and the public. Standard defi-
ciencies also include the physical defects a corpomay be found to have in a risk
analysis. Information about an assessed risk igrdeated as a phenomena term. The
cost of rectifying an identified standard deficigrman be largely determined using ref-
erence standards but can also be calculated aelyyrfair example in connection with
the physical planning.

The Target standard value, a desired function v@hatuding risk reduction), is ob-
tained by adding to the Replacement value theafasttion or the size of the invest-
ment, at the same year’s price level, that is jddgebe necessary to achieve the target
standard on an existing road (i.e. the zero altema A road installation’s Target stan-
dard value is realised primarily through investment

5. "As new” in respect of a road installation cdsoebe compared to the installation’s cur-
rent worn, deteriorated, and damaged condition.ctist of rectifying identified defi-
ciencies with regard to condition (Condition dedinties) can be determined using stan-
dard estimates and accurate calculations, for ebeamipen corrective action is planned.

A condition description is based on the resulta b$ting (for example made visually using a
scale), of the measured values of an installatiootglition (e.g. BARUND, bridge inspec-
tions, laser measurement) or according to estaalislepreciation principles based on docu-
mented experience (cf. "Depreciation accordinglam’). The condition description is drawn
up according to established principles and modgleéch component type.

The current condition is described in relationbest” condition ("as new”) and the “worst
acceptable” condition limit. A component’s Conditigalue is calculated from data on rela-
tive usage (current relative condition), the cdghe measure applied (standard cost) to
achieve “best” condition ("as new”) for the “womstceptable” condition, and its Replacement
value. The Condition value (function value) is abea by reducing the Replacement value at
the same price level by a proportionate share éotinelative usage) of the cost of the meas-
ure applied.

The condition of a road installation is restoredta@lose to “as new” primarily through main-

tenance. The cost of repair or maintenance thatiged to last for more than a year, raises
the internal Balance Sheet value of the component.
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Standard and condition deficiencies (phenomenasieasiregards a component (phenome-
non), section of road, road, road network and ggagcal area can be individually specified
by type of deficiency and presented in a tableroa anap in any combination, using existing
computer support.

Road sections’, roads’ and areas’ values of defaes in bearing capacity, road safety and
condition, for example, that fall short of accepliedts, and/or off for example a wearing
course that has passed any defined lémd/orlies in an interval of limits, can thus be se-
lected, totalled, and presented using a computehd same way, different types of road
management costs can be selected, listed, anchpedagsing the model.

A summary is presented in figure 4.2.

Standard target
cost

Value 4

current price

Standardtarget value fr = = = = = = = = = = — — = =

Costto rectify the

standard deficien Replacement cost

Replacementvalue
Acquisition value Condition cost

- real
- standard estimated

Costto rectify th
condition deficignhcy

D

Condition value

Year

Figure 4.2Values and costs of rectifying standard and coowlitieficiencies

4.3 Road installations’ components

43.1 Introduction

Successful financial control of road managementireq extensive knowledge of the real
costs of road management (change in the valuepiatand the cost of management). Defi-
ciencies in condition and standard with an accomipgmeed for maintenance and invest-
ment, and the effectiveness of road managementdtaton between the benefit to custom-
ers and stakeholders and the productivity of thi®ua activities).

The extensive knowledge that is needed is in résgaghe transportation system as a whole
but knowledge is also needed about the contribsitioom the system’s components, individ-
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ual sections of roads, roads, road networks, ccturs, types of contract, different groups of
road users, society etc, and knowledge of roadsuard other stakeholders’ values and ex-
pectations, cost drivers and quality of information

It is necessary that a satisfactory accountingxeff assets takes into account the different
acquisition values and economic life of componémtso-called “depreciation of compo-
nents”. A focus on components should lead to d tetiuction in value that more correctly
reflects the “consumption” of the fixed assets tisathe case in today's accounting.

Examples of important questions to discuss whensihg a depreciation principle and func-
tion are:

1. Which devaluation principle is most similar to #&set’s actual consumption?

2. What effect does the depreciation principle havéhenincentives for the people re-
sponsible for results when choosing between a sin@tlong term perspective as re-
gards, for example, continued maintenance and imesg?

3. How do uncertainties concerning long term road stvents’ actual life and future util-
ity affect the choice of depreciation principle?

4. What significance does the depreciation princi@leehas regards costs over an object’s
life, expressed in kronor per vehicle kilometreotkwr/vkm) for example, and when the
consumption costs must be as uniform as possibiesipect of forecasts of purchasing
power and changes in traffic?

Where uncertainty exists as to future utility oit is feared that utility may be drastically re-
duced, such that an unanticipated one-off depienié required, a case may be made for
degressive depreciation. The depreciation is thgmehn at the beginning and falls gradually as
time passes.

The road’s total maintenance cost increases aver since the materials in the road’s con-
struction wear, age and degrade structurally aadesrranged at an accelerating rate. This
indicates degressive depreciation, especially dime@spect of uniform cost weighs heavily.
Productivity improvements and increases in trafficthe other hand are factors that lessen the
need for a degressive depreciation model if thpqae is for example to achieve a uniform
road management cost per vehicle kilometre oves.tim

With a short-term result-oriented approach, lirdgpreciation may be less advantageous as
regards new investments than annuity depreciafidmear depreciation principle can thus
hinder well motivated investments. Instead, exgstnes may perhaps be “tolerably main-
tained” for far too long. The shorter the econofifiecthe more appropriate linear depreciation
appears to be.

The depreciation model should also be analysedredtg on the basis of the design of PPP
solutions, traffic-related charges and whetherraqgyirement has been stipulated as regards
some simple form of accounting-supported benchmgrki

Benchmarking and learning are important reasofaviour of privately funded road invest-
ments with a concession for a limited period tg/lesvad charges or similar being booked as
assets, depreciated and booked in the SNRA's iastal register in the same way as other

* Public-private Partnership, PPP, P3 dirRolves a contract between a public sector aifthand a private
business company, which regulate financial, tecirdod operational risks in a long-term societyjgub
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road installations. For example, the results ofissimade in other countries as to the con-
tractors’ better understanding of life cycle cosighnificance for road management’s costs
than authorities® could also be demonstrated for Swedish condititris also important to
include details of concession agreements in thearaccounts.

The concession could also be booked as a lialilithie same amount as the components’
total acquisition values booked as assets. Theltatéity would then be able to be “amor-
tised” over the concession period through succegsansfer to Administrative capital.

When choosing between investment and continuedtarance, the socioeconomic aspects
are normally the decisive factors. There is oft@o@asiderable delay between a decision to
carry out a measure and noticeable socioeconofgctef and sacrifices and utility should
therefore be discounted to a fixed point in timiee Tirst point above (1) highlights the impor-
tance of describing component’s consumption castectly.

In order to encourage wise long-term decisions ftieenpoint of view of socioeconomics, it is
important to consider the whole life cycle perspwecin an appropriate way. A road project’s
total reduction in value should therefore resentiidetotal of all its components’ real con-
sumption in as good a way as possible in analysedases for decisions before decisions are
made.

To describe the component’s value and the costaaf management (and components’ life
cycle costs) correctly it is important pay regard to real consumption or changes in user’s
benefit, service costs, business, and other sammawic aspects. The real cost of a section of
road can in theory exceed the corresponding ca$ieofoad structure depending on differ-
ences in length of life/change in value, residwuligs and service.

4.3.2  Division of road installations into component

The recommendations of the Swedish Institute ohArtized Public Accountants (FAR) with
regard to questions of accounting and reportingstm breakdown of fixed assets into com-
ponents: “A breakdown that goes further than the law reesiis often necessary.” Analyses
made by IA indicate that efficient control and nmtoning of the State’s road management
require a division of the road installation intaqmonents.

Several factors support the focus in control anditoang of road management being based
on components’ costs, cost trends, and effectmdd management it is known that

- the road investment’s expenditures can be assitthe road network’s components,

- maintenance and operation are in all essentaiged out on the roads’ physical com-
ponents,

- from a purely technical point of view maintenaeel operation are adapted to the dif-
ferent types of components,

- technical life and different kinds of costs véwgtween component types,

- technical development takes place for each idd&i component type and its upkeep,

- life cycle costs can also vary widely between ponents of the same type.

® The English study quoted by Hakan Westerlund shgwi0% lower costs
® In FAR’s recommendations as early as 1978
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It is obvious that components have great signifteafior road management’s operative con-
trol and monitoring and, among other things, faalgses that need to be made continuously.
For these reasons it is important to also defieddtiel of detail that the component types
should have for control and monitoring to be retdyafficient and operative.

In the SNRA's road and traffic data bank (RDB),@ienomena are determined by their posi-
tion and distribution in the road network as setpthenomena or point phenome@ampo-
nentis an example of a phenomenon. The system corttathscompulsory and optional phe-
nomena with additional information about charastars (attributes). The road and traffic
data bank has functioning applications for input antput of information about components.
Functioning routines also exist for handling changecondition of component occurrences’
data for theBound wearing coursdgpe in the Pavement Management System (PMS)t-Info
mation about individual occurrences of bridges @mohels is handled in the Bridge and Tun-
nel Management system (BaTMan). In the Road anchidiaance data system it is possible to
handle information about other component typesua@nces, condition and costs.

4.3.3  Criteria for component types

A case can be made both for and against a detalegonent structure in the internal ac-
counting model. The component types included irett@unting structure must be able to be
justified on the basis of purposes such as begtgurce allocation, financial control, control,
follow-ups, analyses and reporting of road managen®x main criteria have been drawn up
to aid the classification and assessment of wiailditharacterise a road installation’s com-
ponent types. A component type should representidl components that:

1. are physically identifiable with distinct quantgiand/or deficiencies in function or
quality,

2. have a critical function in the road transport egstvith significant effects for custom-
ers and quality requirements regarding upkeep,iiondand/or monitoring laid down
in construction contracts,

3. have a homogeneous life or characteristic consomati value reduction (depreciation)
plan,

4. require specialised technical knowledge to be icgutand maintained effectively,

5. have a substantial value, at least in total fooatlurrences of the component type,

6. together require significant resources for day-ag-dpkeep.

In addition to the six main criteria there are anber of other factors that may support the
inclusion of a certain component type. The compboeaurrences may

- have upkeep costs that can vary widely betweepréifit parts of the country,

- have a clear need of product development and/@tantial significance for improve-
ment potential and benchmarking, LCC and cost davalyses,

- already exist as easily accessible phenomena ir#teand traffic data bank.

4.3.4 Component structure according to a gross #isd the SNRA

The component types proposed below have been adadysl discussed in respect of the
above criteria and factors etc in the SNRA’s impatation project. A number of attributes
that can be associated with the respective compayees have also been proposed. Table
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4.1 is a gross list and compilation of the resiutimn this review (with a marginal deviation
[B-marked in Appendix 3] from the list establishedta implementation project).

The classification in table 4.1 compris@s component type groupsd a total 087 compo-
nent typesof which 10 have been specified into 39 differatttibutes that all give unique
economic characteristics. The total number of camepbtypes is consequently 66. In the

implementation project 11 of these are excluded fggpendix 3).

Groups of component typesmdComponent types

Prerequisite item<C)

Road constructions

Road equipments

Road zones

Geotechnical constructiorzs

Road markings

Physical planning

Terradng, surface ru-offs, roac-side aree

Guard rail:

Archaeological surve

Superstructures excl. wearing coul

Central safety barrie

Preparatory works

. 7
Wearing courses

Wildlife fences

Traffic control devices

Special installations

Slide barriers7

Construction administration

Protection for water catchmer?ts

Road lighting

StructuresD)

Noise barrierg

High mast lighting

Bridges7

Other special installatiorfs

Traffic signals

Large culverts

Foot and cycle path installations

Road information structurgs

Tunnels excl. installations

Machinery and installation’s

Other road equipmeﬁt

Pile foundations

Roadside areas

Troughs Rest areas
Support structures Traffic control and informatameas
Ferry berths Park-and-ride car parks

Jetties and quays

Buildings7

C) In the implementation project this component tgpaup is called Real Estate
D) In the implementation project this component tgpeup is called Constructional Works

Table 4.1Six component type groups and 66 component typesding the specifiet

The component review and experience from caseestudive for example resulted in
bridges’ edge beams, game fence gates, intersectibmbing lanes and roundabouts’ traffic
lanes not being considered suitable to have as aoem types. Three borderline cases that
on the other hand were judged to belong to thosgonent types that are worth accounting
separately are road markings, large sign instatiatand portals. These satisfy several of the
criteria in the analysis. If we consider road mamagnt's annual costs for a section of road,
the costs of the road markings and sign instaliatimay constitute a significant portion.

The expenditure for thRrerequisitetems(real estate) according to the principles applied
earlier could be spread over other component typasrder to increase the benefits of the
accounting, it is of value to record them sepayatel

As comparison can be mentioned that The NationdlA&REninistration’s financial reports
contain financial information linked installatioypes divided into seven main groups and 62

" Generic term for a number of component types AggEendix 3).
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sub-group$. At the beginning of the 1990s, the two state-aivpeblic utilities Televerket
and Vattenfall, which now operate as companied) batl seven main groups and 33 and 64
sub-groups respectively in their installation régyis.

The need for good quality information for contnafjiand monitoring road management will
require a review of the quality of existing infortiaa in the RDB and other road-related da-
tabases. Such a review should include the neagpfmesment the data.

4.4 Components’ target standard value

According to the above, the replacement valueadraponent is equivalent to its current ac-
quisition value, “as new” with no condition definiges, as it is permitted to be used with its
standard deficiencies relative to the standarckpeessed in the target standard. To calculate
the replacement value, the acquisition value, trer pf acquisition, and the price annual in-
dexes.

The component’s target standard value is obtaiyeatding the assessed cost of rectifying
the documented standard deficiencies to the commeneplacement value. A standard defi-
ciency exists when a component does not faltiierthe standard that the SNRA'’s regula-
tions stipulateor the standard determined by an official decisi@ma aesult of a special inves-
tigation or through accepted expert knowledge cdmponentr the physical risk level es-
tablished in separate risk analyses.

Many standard deficiencies can be drawn from th& Rdeficiency can for instance be
determined by computerised comparison betweenxisérey standaraf 7 metreand the

SNRA's standard for 9-metre roads. In the earlgesareference standards are used to assess
the cost of increasing the width etc of an existivad to upgrade it from 7-metre to 9-metre
standard. The replacement value of a 7-metre rwitld the cost of rectifying the standard
deficiencies added, gives the initial target statdalue for the road in question.

Quality requirements and internal controls incldéscriptions of deficiencies and any risks.
It must be possible to check this information. lishbe documented continuously and sys-
tematically with details of possible action, thestcof the action at the time, the effects for
road users and society, and any risk valuatiothérearly stages, the cost of action can be
based on a reference standard. For a calculatad ealsome form of action to be accepted, it
should be the result of a formally approved analgsid calculation in connection with a pre-
liminary study, a road investigation, a work planistruction document, or a price tender.

References can be used to locate descriptive vialed®r digital images, previous studies,
names of contacts, and cost, risk and benefit lons regarding the effects on transporta-
tion, road users, and the national economy.

The road capital reference standards are gendrigiyer for a higher road standard than for a
lower standard. The reference standards can betadjto some extent to reflect the real
situation as far as possible. They can for instdrecadjusted for differences in geotechnics,
hydrology, cold content, road structure, and thaliguof the materials used in the road. They

® The National Rail Administration’s installationpys from 1 January 2001 show great similarity wigh com-
ponents in the reference model.
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can also be adjusted for price differences in mamnrdreas, along the coast, in river valleys,
forests and plains, sparsely and densely poputatsss etc.

Standard deficiencies are structured in such aasap correspond to the terms used with
regard to actions and measures in discussionspwliticians and the public and in internal
control and planning. Terms such as Road safetywunes, Environmental measures, Bearing
capacity measures, Frost-proofing measures andsRpileg measures are often used, but
concepts such as Risk object should also be usest &/ the terms also have subdivisions.
The terminology structure for standard deficiensilesuld be uniform and clear to everyone.

In the physical planning, economic analyses magr Isttow it to be profitable to rectify the
deficiency by building a new road along anotheitgoMVhen a measure has been decided, the
target standard value must be adjusted accordireggrdless of the route. The model de-
scribed here presupposes that the valuation @fralatd deviation is based on the best knowl-
edge available on rectifying a deficiency, whenttrget standard value is calculated.

Figure 4.3 shows the replacement value at a cqutait in time, A, of a component, a road
installation or a road network, the target standatde, and the total cost of rectifying identi-
fied, registered standard deficiencies.

Standard target
cost

Value 4

current price

Standardtarget value - = = = = = = = — = — — — — —

Costto rectify the

standard defici Replacement cost

Replacementvalue - = = = = o = = = - - - =

Acquisition value F

- real
- standard estimated

>
Year

Figure 4.3Replacement and Target standard value, and vidu&tandard deficiencies
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4.5 Components’ condition value

45.1 General

Road installations gradually become worn over tamd deteriorate relative to the condition
at the time of acquisition. It is important in ceetion with the financial control of road man-
agement to have control of the changes in conddfdhe most valuable components, e.qg.
road structures, bridges and wearing courses, Isiane drainage systems.

Condition deficiencies are valued according totdisthed controllable principles. A compo-
nent’'s condition value is calculated as its reptaeet value adjusted with the “calculated
cost” (expense) of rectifying the condition defrug. Figure 4.4 shows an outline sketch of
replacement value, condition value, and the vafugeticiencies in condition.

Figure 4.4 shows the replacement value at a cqutait in time, A, of a component, a road
installation or a road network, the condition valaed the theoretical cost of rectifying identi-
fied, documented condition deficiencies.
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Figure 4.4Replacement value, condition value, and cost oflitimm deficiencies

In traditional accounting, where taxation aspeotsrmt taken into account, the condition
valuation is often based on the forecast life effiked asset. The valuation is made in such a
way as to ensure that the asset is not overvafugeiBalance Sheet in relation to its actual
value (the prudence principle). A similar valuatfmnciple can be used to determine a con-
dition value for most components, especially thhse will not be surveyed regularly and

that not represent substantial values.
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Development of valuation theory for special projsris moving in the direction of putting
more emphasis on valuing the properties’ componarascordance with market valuation.
In the case of machinery, industrial, rental anchw@rcial premises, and other fixed assets
for business activities, valuation can be basetherassets’ earning capacity, which in prin-
ciple is equivalent to a sound market valuation.

In the model, the value of a component is baseitsarctual physical condition. The change
in condition over a period is expressed financiakiythe difference between the component’s
value at the beginning and end of the period. tepto determine a component’s condition-
related value in an accounting context, the physicadition must be described in an unam-
biguous and systematic fashion according to estadxdi principles, so that the valuation per-
mits independent checking.

In condition-related accounting, the prime conasrobjective measurement data about con-
dition. Since this is not possible in practice thoe majority of components, other approaches
are necessary. Condition descriptions, for exangale,be based on samples, visual inspec-
tions, forecasts, or a combination of these. A nemab different models for describing com-
ponents’ physical condition are presented below.

4.5.2 Comments relating to the prudence principle

In good accounting practice in Sweden the prudeniceiple applies, which means that the
financial position in the external accounting mstcautiously realistic and not overvalued.
Costs must therefore be valued high and bookedrs&s possible while revenues on the
other hand must be valued low and not booked tireif have been realised. Allocations
must be made for certain expected costs.

For the TAM concept the same basic principle agpdfeusing prudence relative to the pur-
poses for which the accounting is used. When a ocomt’s condition is described with sev-
eral parameters or aspects, according to the pcedannciple the parameter to describe con-
dition would be chosen that corresponds to thetgstaepreciation. In “normal” cases this is
the same parameter that controls when a road meeasust be undertaken, i.e. has the great-
est relative consumption value.

For the few exceptions that may exist for inverdrcomponent types, the question may be
brought to its head. If a cheaper, identified deficy should need to be rectified first, the
consequences as regards value are probably either ar negligible, since the actual action
taken will also comprise measures to rectify moqgeasive deficiencies. This is usually a
consequence of the fact that fixed costs’ portibtne total price of a measure is “normally”
high and/or that the cost of traffic disruptionsaken into consideration. Should the measure
nonetheless only comprise the cheaper deficiehcymay still apply. Condition is deter-
mined again during the final inspection after theasure or measures have been carried out,
and any errors in previous condition values widrdfore be able to be corrected afterwards.

Component types whose condition development istbase forecast do not have the same
assessment problems regarding identified actuadide€ies as the inventoried components.
Instead, either the forecast value reduction rulstrtake into consideration the fact that a
component’s various elements may wear at differatiets or the components must have
planned preventive maintenance that takes thiscomsideration. Hereafter the term “com-
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posite component types” will be used when refertmthese component types (see Appendix
5).

Too short a forecast life relative to actual lifgisfies the traditional prudence principle but at
the same time sends a somewhat premature sigtiad fmliticians that funding is needed for
replacement or rebuilding. Assessed life must Heragas possible but nonetheless realistic.
In reality, components can continue to functiorheitt any great problems and without
measurable costs to road-users and society for Ssomeeafter their ideal life has expired.
From the point of view of control and credibilithe computerised value appraisal should
therefore be based on the components' greatesveet@ansumption with the costs of meas-
ures that the component specialists specify. Taudcthen be called quality-related account-
ing’s “reversed prudence principle” or prudencegiple.

4.5.3 Component types’ consumption models and daeteation of condition

Substantial values and system risks with a needxXtansive inspection, upkeep and resource
allocation analyses have in the case of some coempaypes led to measurement techniques
or systematic routines being developed to moniaol@ describe condition. For some com-
ponents, therefore, there exist a number of motessradvanced measurement methods or
routines for determining condition. One such pietequipment that is used in practice on a
large scale is the laser equipment for conditioasneement of thBound wearing course
component type (see Appendix 2). Systematic ingpegpirocedures that require specialised
technical knowledge exist for the typ@sdgesand Tunnels

For most types of components, however, there agisechnical measurement methods or
systematic inspection routines to objectively deiae their condition. It may often be ra-
tional and acceptable to use a simple conditioergEgon model. The description might for
example take the form of condition forecasts basedocumented experience of how the
component type’s condition develops, similar tordetion according to plan in traditional
accounting.

A certain component type may occur a great mangdim the road network (and in the
RDB). Nonetheless, they may relatively speakingesgnt only a small value. Other compo-
nent types may constitute a large proportion oftth@ road capital but have only a relatively
few occurrences. Consumption rate and maintenavsts gary widely between different
component types and need not be a consequencuebv&ystematic condition descriptions
are not always the result of rational decisionshawve sometimes arisen out of individuals’
strong

There are further reasons for drawing up a stradtand generally accepted condition de-
scription of the road capital’s different comporgerithe condition description has signifi-
cance for the follow-up of road management’s fum@i contracts with contractors and for
the payments they receive. Structured, systematicuaiform routines throughout the coun-
try will make life simpler for the contractors. Bhshould result in greater competence and
lower risk costs for uncertainty and arbitrariness.

4.5.4  Six models for condition description and valveduction

Accounting models for describing condition and eataduction can be viewed in two dimen-
sions. One concerns how far a description modehsed on a forecast or actual determined
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development of condition. The other concerns totwetkgent condition can be measured ob-
jectively or assessed subjectively. The conditiesatiptions that the SNRA uses are based
on visual inspections, samples, measurements aedafsts.

The condition descriptions made by the SNRA aretas visual inspection, samples,
measurements and forecasts. Condition forecastsasezl on experience of the component’s
function over its life cycle for example. Comporgritinctional condition is described ac-
cording to one of six approaches called Conditi@s®iption Models | — VI. Hereafter the
designations Value Reduction Model, Consumption dad simply Model are also used.

Forecasts without reconciliations in Figure 4.5eatbeless contain a certain amount of com-
puterised checking against control limits (see @ap). For example, the deviations are
brought out and analysed. Index adjustments acenadégle using component-specific price
indexes. Indexes are checked against the actua pands for acquired components. This
check may lead to adjustment of, for example, tesdurce basket” that makes up the price
index. Figure 4.5 illustrates how the models (I1B-8An be considered to be based on objec-
tivity and forecasts with or without regular rectia¢ions.
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measurement

Modellla :

.......................
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assessmentno 1 ]: ‘Modell :
measurement KA s .
1 2 3
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reconciled no reconciled reconciled

forecast forecast forecast

Figure 4.5The condition description models’ objectivity datecast content

In Appendix 3 components are listed per model atingrto the principles that are applied in
the SNRA'’s implementation project. The tables i &ppendix contain the assessed degrees
of objectivity and forecast content.

455 Model | - constant real value

Condition description model | is for example useddll component types belonging to the
Prerequisiteitemsgroup. It is an accepted accounting principlewe&en not to make any
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depreciation for land. When “normal” land is valuedndition and change in condition are
not considered at all. The replacement value iséime as the condition value with an index
adjustment of the acquisition value. Figure 4.@silfates the change in the condition value
over time.

Value 4
currentprice

|'Q
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Time

Figure 4.6 Outline sketch of the change in condition valuerdime according to Model I.

Roads that are transferred to private road manageveey often first need to be improved. If
the land is to be returned to the land-owner, iy meed to be restored first. A central alloca-
tion for these and other similar types of futurstsan respect of land might be justified.
Stricter environmental demands may lead to extensiork and remediation with an in-
creased need for contingency allocations. This doésontradict the principle of not making
any depreciation on land value

4.5.6 Model Il - constant real value until deficiey observed, then according to a plan

No change in condition affecting value is considerehave taken place until a condition
deficiency has been identified and documented. K¥hean be made in respect of a number of
measurement and assessment parameters on oneaaaid occasion, of which at least one
of the checks must be assessed as a deficieneyréatuction in value to be booked.

When a deficiency that needs to be rectified aedctist of rectifying it has been documented,
there are two ways (a and b) of booking the reduadt value.

a. When the deficiency in all essentials is judgede total and immediate corrective action
is deemed necessary in order to prevent risksronrtistances for road-users and society
becoming unacceptable. The reduction in value & afie-off nature and corresponds to
the total cost of rectifying the deficiency.

b. When the deficiency develops into a need ftioaavithin a number of years assessed on
the basis of prior experience (time before measém)ual reductions in value are made
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up to this year in such a way that all reductiongdlue are equivalent to the total cost of
applying the measure (index-adjusted).

In practice, the ambition is often to rectify adifitiencies at the same time. The contractor’s
fixed costs (for example for start-up and remowaak)l the costs to road users are normally
relatively high, so it is not generally justifiakie rectify each deficiency one by one on
closely recurring occasions. Alternative a candgarded as a special case of b (time before
measure = 0).

When several deficiencies are rectified at the stime, the actual cost of carrying out the
measures should be calculated separately. Figdrehdws the change in value over time for
alternatives a and b in model I1.

Value 4
current price

Time

Figure 4.7 Outline sketch of the change in condition valuesrdime according to models lla
and llb.

4.5.7 Model lll - constant real value until deficiecy observed, then according to a strategy

A change in condition that affects the value isewisidered to have occurred until a defi-
ciency is identified and documented with a needrieasures and costs of carrying out meas-
ures according to the same principles as in madé/then the deficiency has been analysed,
the specialist devises a strategic approach ifottme of a maintenance plan up until a defined
period of time. This corresponds in principle teealative Il b. The difference is that strate-
gies also exist for the case where the primaryegiya(strategy 1) is not implemented.

If the deficiency is not rectified in time, accandito maintenance strategy 1, the consequence
may be that that the deficiency or damage will beeavorse and require a more expensive
maintenance measure maybe at a later point of #hrmew maintenance strategy 2 in respect
of the more expensive maintenance measures théiespfyhen the strategy switch has been
decided, the continued reductions in value arewated in relation to the new cost of the

62



measures to be applied, and for the new period lfeumf years) upon which strategy 2 is
based.

If this new maintenance strategy 2 is not impleraérither, the deficiency may become
even worse and a new maintenance strategy, 3, magdded with a new schedule and new
costs. This changes the prerequisites for caloigdtie continued reduction in value. Mainte-
nance strategy 3 can be drawn up before the y&iando be taken according to strategy 2
arrives, if it is known that the limit for the deiiency according to strategy 2 has been ex-
ceeded or if strategy 2 will not be followed.

Another strategy might be maintenance consistingained measures in a number of steps.
This is either described by the bridge engineeh wiily one value reduction rate that ade-
guately reflects the actual consumption, or hantidgtie system in a similar way to preven-
tive maintenance in composite component typesr(setel VI c). The total cost of applying
measures to rectify an identified deficiency or tibi@l planned preventive maintenance is
then the point of departure for calculating valeductions. Figure 4.8 illustrates the change
in value of a component over time according to rhdidle
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Figure 4.80utline sketch of the change in condition valuesrdime according to model Ill.

4.5.8 Model IV - continuous consumption and valubange

The SNRA's administration system PMS contains divjecondition values measured using
laser-equipped vehicles for tBeund wearing courseomponent type. Today, measurement
values are stored from a total of 19 lasers, ottitivo are mounted on the rear of the vehi-
cle, length gauges, and inertia instruments forsmeag the vehicle’s own movements in the
mobile computer (at least 20,000 pieces of dataryedre of 3.2-metre wide road at normal
traffic rhythm). At least one scan is performedrgugo millimetres in the road’s longitudi-
nal direction in order to calculate several difféarmeasures (parameters) such as rut depth,
texture, holes and slopes along and across the moadontal and cross-section alignment,
super elevation, IRI (International Roughness In@ad, for example, whole body vibration.
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A measure of the pavement’s bearing capacity widbpbly be introduced in the near future,
based on data of the development of rut depth taver. The values for calculating whole
body vibration are stored for every 10 cm of roexgth while most of the other measures are
calculated and stored as mean values for 1, 2@@@anetres. Sometimes values are also
calculated for the road’s homogenous sectionsspeaet of for example traffic flow, speed
and road width.

Since maintenance measures cannot be varied cvdrsgittions, maintenance will in prac-
tice be carried out on a number of 20-metre sestioithe same way, often on the basis of
knowledge of mean values for 200-metre sectidhs. type of maintenance that will be car-
ried out in practice depends on the total neednf@intenance measures on a longer section
(several 200-metre sections). Often, measureshagea that rectify all types of deficiencies
on this longer section. An assessment of the ddsieaneasures normally requires that a
separate calculation be made for all the maintemameasures carried out.

In PMS, values will be able to be delivered for 208tre long sections of pavement with
their condition on 31 December. In the calculafimr@cast, previous measurements from the
wearing course on the section in question are FE@mdexample, the development rate of the
rut depth from previous measurements up untildbest will form the basis for the rut depth
per 31 December. The calculation is made at tieesld of quality depending on the number
of measurements carried out. The parameter thatsstiee largest relative consumption con-
stitutes the basis for the calculation. Figuresh®ws an outline sketch of the change in con-
dition value over time according to consumption eldy.
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Figure 4.9 Outline sketch of the change in condition valuerdime according to model IV.

If a visual inspection is needed and perhaps samalen in addition to the objective meas-
urements in order to determine the actual quafignoasphalt pavement, data from such an
extended inspection can be built up using a nuraksitale. These additional condition val-
ues can then be treated in the same way as thent@sesurements.
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4.5.9 Model V - stepwise changes in condition aradues

A multiple stage scale with stepwise changes irditmm can be used, primarily for visual
inspections of components. The condition graduatame illustrated by clear descriptions,
pictures, photographs and/or films. For exampleéhéncase of a scale from 1 to 4, the follow-
ing designations might be described and illustrated

1 Signifies a component in “as constructed” cowditiNo value reduction is made here.

2 Signifies a worn component in acceptable condlifrom the point of view of function.
The component is approximately half-consumed. Aicéidn in value is made equiva-
lent to 50% of the assessed cost to rectify.

3 Signifies an installation that has deteriorated functional condition corresponding to
“worst acceptable”. A reduction in value is madeigglent to 100% of the assessed
cost to rectify. If the worn component is to beleeged for a new one, the whole
value of the component will be consumed. Othervasesidual value will remain.

4  Signifies a component that has passed its “vamrs¢ptable condition” and that has a
residual value. Measures should be carried out idmbely, maybe at an increased cost.

Figure 4.10 exemplifies how the condition value change over time according to model V.
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Figure 4.100utline sketch of the change in condition valuerdime according to model V.

4.5.10 Model VI - depreciation according to predetened rules

Economic life varies with the type of component @édrincipally determined by economic
factors in society and for road-users and road gensabut may also depend on purely tech-
nical circumstances. When actual consumption oyerid is not known, the question is
then one of how much of the total consumption mmaegicording to plan can be allocated to a

65



certain period. The question is comparable to tbelpm of determining fixed assets’ depre-
ciation principles in the external accounting. Bsgpation according to plan normally follows
a linear, degressive or progressive function. Tieak function is the form most often used
but annuity depreciation is also quite common. Féglil1l shows an outline sketch of the
three alternatives.

v
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Time

Figure 4.11Booked value at the same point in time A accordmthree different deprecia-
tion models

For many component types, adequate knowledge efiststual technical life and consump-
tion (changes in value). The dimensioning techritalbf the component type may constitute
important basic information in decisions about tengf life. This might for example be 20
years for a certain component type. Another knoaat might be that the components are
replaced after an average of 28.6 years. This waldn a safety margin for the construction
in this example of 8.6 years or 43%.

The function in model VI should in principle be élent to a planned depreciation of the
component type over its most probable life. Ingkample this is 28.6 years and the life that
is ultimately determined may therefore be 30 yeakges are determined so as not to risk
exaggerating funding needs for replacements omnsgoactions, i.e. a “reversed prudence
principle”.

For a component where condition or change in cardhas not been inventoried but where
good knowledge of technical life exists, plannegrdeiation should be able to be imple-
mented according to model VI a below. The reduciiovalue may be full or down to an as-
sessed residual value in a fixed length of lifguiFé 4.12 illustrates the change in condition
values over time with less function and value addimaintenances that do not have any influ-
ence on the life length. There is no doubt thatthaponents in model VI a, will be replaced
by new components, when they have reached thestitural life lengths. The rising part of
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the curve to the right bottom point shows a redigalue that is index-adjusted to the current
price level.
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Figure 4.120utline sketch of the change in condition valuesrdime according to model
VI a.

For many component types the condition descriptidhfollow model VI a. In its simplest
form, depreciation over the length of life is aelm function, which can be compared with the
linear depreciation according to plan in the acteurrom the point of view of the quality of
the condition-related value and the planning ofiroeasures it is important that the depre-
ciation reflect the actual consumption as accwaslpossible.

There are also component types, where the condgiont continually inventoried, and
whose functional life in practice can be very lomge principle of mechanical accounting
according to plan for components of types thabfelmodel VIb gives a fixed depreciation
rate instead of a given lifetime. In practicesihiardly any difference compared to VI a. A
value-adding maintenance leads, for these compayees, to an increase in the life expec-
tancy that is proportional to the increase in valliendition values for component types that
are handled according to model VIb can be calcdlatelifferent ways.

Following a value-added maintenance action, thelitiom value is equal to the sum of the
condition value positions before action and the eependiture on the project. The sum is not
allowed to be higher than the replacement codte@tbmponent. The excess value is treated
as a cost.

The simplest way to calculate the condition valaksr an action might be to replace the pre-
vious “year of production” in the mathematical eegsion with a calculated “fictitious year of
production”. This can be determined so as to dieecbrrect value given the correct deprecia-
tion rate. The final year for the “worst acceptélglendition is calculated with the lifetime

that follows the component types depreciation r@adculations are made at given prices.
With this calculation method, the original expresswith the replacement cost can be for
further calculation of the component's conditiotuea.

With the revised “as new" and final years in thehmanatical expression, it is possible to use
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these years as the only in-data to calculate thgpoaent's current rate of consumption and
condition value (see the chapters below). Figut8 dlustrates model VI b.
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Figure 4.130utline sketch of the change in condition valuesrdime according to model
VI b.

A realistic determination of the depreciation fuontfor condition description according to
model VI can be made in several different waysnbsi statistical approach the model can be
determined for every component type in questioa siystematic manner. It is for example
possible to:

- select about ten specialists on the componentitygaestion and its upkeep,

- determine an appropriate and unambiguous conditiate for the component type to-
gether with the specialists (as clearly as posgibleords and pictures),

- select at least about thirty occurrences of thepmmant type in question of varying
condition and with known years of acquisition, Battthe whole range of conditions is
represented,

- have the specialists individually and independeimigentory and determine the condi-
tion of the (unknown to them) thirty something canpnts chosen according to the
adopted scale,

- compile the results of the specialists’ conditi@edmination for each occurrence tak-
ing the actual ages of the components into coresiider,

- fit functions to the condition determinations mdxyethe specialists in respect of the
components’ actual ages, analyse the functiongatablish the function that will ap-

ply.

Fitted functions per component type can be de\iissgveral ways on the basis of the spe-
cialists’ assessments of all the roughly thirty pements’ condition in respect of actual age
(e.g. on the basis of total material, mean valuagseaxdian values). In model VI it is thus pos-
sible to determine a suitable function for the depment of condition value over time for
every component type. The specialists’ assessmantalso be used to set control limits for
the component type’s condition development.
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The components economic value, consumption anadyité& cost are affected by the time
when the action is taken and consumption occurs.dquiality-related accounting is designed
to reflect that the components' and the road masagests are correctly as possible even if
the component type is not inventoried. This alsgliap to component types, which are com-
posed of two or more essential parts with their @sanomic life. A component can also have
a scheduled preventive maintenance. It is possideljust the depreciation rate for such a
plan under the basic principle which applies to"thedel VI" concept and achieve an auto-
matic handling with good compliance with the "blesbwledge". One such example of con-
sumption model VI ¢ with the Linkage coefficien) (S detailed in Appendix 5. Figure 4.14
illustrates model VI c.
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Figure 4.140utline sketch of the change in condition valuesrdime according to model VI ¢

4.5.11 Relative consumption, R

Relative consumption (R) is used to determine apmmant’s condition value of its actual
condition (Qa) in respect of the new “as constructed” condi{i@) and "worst acceptable”
conditions (Q). How this “worst acceptable” condition and otkendition limits can be de-
termined is discussed in Appendix 4. In the appeitds said that:

“It is important in this context that the road mgeatakes socioeconomically “optimum” lim-
its for maintenance measures into consideratidghaee cases where they exist. The “worst
acceptable condition” limit value for measures ¢ocarried out is in this case synonymous
with the “optimum condition” for maintenance measairHenceforth the term “worst accept-
able condition” will be used for “optimum conditibh

R is calculated in the same way for all conditiond®ls using the following expression:
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Qa—Qs
Relative consumption, R :7Q where @ # Qgand <R<1
ST B

Consumption models I, 1l and VI use a year fog (Qthe as constructed year”) andsQhe

year for "worst acceptable” condition accordingdoinstance the length of life or point of
time for measure) and the current yeat. Qomponent types that use consumption models IV
and V have other parameters to describe conditidrtlze parameter limits. The administra-
tion systems at present use, and will continuestn for example rut depth in mm, IRl in mm,
and/or condition classes according to some formuofieric scale.

If the component has some remaining value when stacceptable” condition value is
reached, R might be greater than 1 in the calalil@o. This means that “worst acceptable
condition” has been passed. For all R > 1 the vaslget to R = 1. Correspondingly, R may be
< 0 when quality, for example at delivery, is higkiean the requirement for “as constructed”.
For all R < 0 the value is set to R = 0. Componémis deviate with R > 1 and R <0 are
taken up in Chapter 5 on quality control with prggeontrol and learning.

A component may have more than one quality paranetdescribe functional physical con-
ditions. In such cases there are two natural plesito choose between to determine which
quality parameter (which R value) to use when datowg a component’s condition value.

Alternative 1

The quality parameter is chosen that has the greakative consumption. This alternative
means that the time factor will probably be the elisioning factor for the calculation of the
condition value. The quality deficiency chosen barexpected to reach the “worst accept-
able” condition limit before the other deficiencersd thus be the determining factor as re-
gards the time when measures are to be applied.

Alternative 2

The quality parameter is chosen that gives thetgseaalue consumption (lowest condition
value), i.e. the greatest product of relative comstion and the standard cost of carrying out
measures. Where the standard costs of the measerdgferent for the quality parameters,
the choice of parameter need not be the sameadenative 1. The principle in alternative 2
agrees better with accounting’s basic principleatfovervaluing assets but instead making
careful value appraisals.

For the individual component, the difference indition values calculated using the two
alternatives will probably generally be very smhila total perspective for roads and road
networks, the differences between the alternativelsies should be close to negligible. If
other sources of error are weighed in the totad iggpital amount, which will exist despite

the fact that “best available knowledge” is usewiil not matter in practice which alterna-
tive is chosen. However, a choice cannot be avoagheida wise choice is always better than a
poorer one.

From the point of view of control, the transportipgs demands regarding socioeconomic
effectiveness and customer satisfaction must benttst important starting points. The limit
values for condition that are used in the accogntiodel and for control have been analysed
and determined using this premise. Requiremerftdfiban accounting principle — that
moreover have other purposes than operationalaoenshould therefore be allowed to be
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ignored as regards this particular choice. It &se¢fore reasonable that the parameter that is
chosen is the one that best supports control iardaace with the transport policy. In this
case it is the parameter that shows the compongretest relative consumption (maximum
R of all the quality parameters’ R values). Altdiva 1 should apply. The aspect is thus cho-
sen that when measures will be carried out (acegrdimong other things to road-users’ ex-
pectations).

45.12 Residual value, standard cost of measure #mresidual value coefficient

Residual value

A question that is closely linked to the “worst eptable condition” for each component type
is the residual value issue (see Appendix 4 ort Madues). What is “normal” for a compo-
nent type when the components' condition reachesstvacceptable condition™? Are the
components “normally” rebuilt or are they replaggth new ones? If the component type is
usually “repaired” there is likely to be a residualue greater than zero and this value must
then be determined.

Components where the material is worn out or agédthe deteriorated to the point where it is
no longer functional are often replaced. In sudesaepairs may not be economically viable,
in which case this is equivalent to the conditiafue having reached its “worst acceptable”
condition and that the residual value in the act®should be zero.

Component types with residual value > 0 at “wocsteptable” condition are often the subject
of extensive and possibly recurrent rebuilding @itenance). Since the contractor’s fixed
costs constitute a considerable portion of the abapplying a measure it may prove profit-
able to try to restore component’s condition te@lase to “as constructed” as possible by
means of a major reconstruction. The analysesed to be made of each component type
in respect of limit and residual values and costpplying measures should be coordinated.

Standard cost of measure

The cost of applying a measure can vary with tpe tyf deficiency but is also dependent on a
number of other factors to do with, for examplgdeategory, road width, traffic density.
posted speed, climate zone and bearing capacigycd$t is on the other hand only margin-
ally affected at the “worst acceptable” conditiemdl. For example, it “normally” has no sig-
nificance as regards cost whether the “worst aadxgst rut depth is 15 mm or 20 mm. The
cost of applying the measure in the example istigaty the same.

For value reduction models Il and Il the cost pplging measures is calculated for each in-
dividually identified deficiency while models IV drV largely use general standard values
also in the administration systems. All the adntiatson systems deliver information about
the cost of carrying out measures for each comgarsurrence. The cost of applying meas-
ures for component types that use models IV, V\Anthus exist as standard costs. The stan-
dard cost of a measure can vary in respect of péactors in a circumstance algorithm in a
similar way as for limit values. The circumstantgoathms should be investigated when the
component type’s limit values for condition andidesl value are analysed.

In the case of “models 1V, V and VI” component tgpa component’s condition can be im-
proved from “worst acceptable” to “as constructbg’a measure whose price is equivalent to
the unit price of the standard cost of the meaappdied on the component’s quantity
(length). A component’s condition value at any giviene can thus be calculated as:

71



Condition value = Replacement value — R * Standardost of measure

Standard costs of measures are used in severalkt®aind should therefore be regularly
checked and adjusted to the actual costs of agpiieasures. Formula 4 also applies for
component types that use models Il and Ill. Thesssd unique cost of applying measures
for each component then replaces the standardbtds measures in the formula.

Residual value coefficient, G

The standard cost of measures is to be used tolatdosalue reduction from the component’s
replacement value. The standard value must be iadpisted so that it uses current prices.
Since the maintenance measures on the componenvillprobably in all essentials also
concern the same specific resources as the investthere are two reasons that indicate that
the component type’s specific construction priacgexshould be able to be used. With this
approximation, it may therefore be appropriatedovert the standard value into a proportion
(G) of the replacement value as follows:

Standard cost of measure = G * Replacement value (0<G<l)
Condition value = Replacement value (1 - R * G)

The size of coefficient G has significance for $iwe of the residual value according to the
following relationship:

Replacement value — Standard cost of measure dirRdsialue
Residual value = (1 — G) * Replacement value

It might happen that the cost of applying the messis greater than the replacement value,
which means that G > 1. In spite of this, rebuiidinay nonetheless be decided rather than
replacement. It may be argued that the externas ¢osociety and/or road-users are lower
for rebuilding. It may also be the case that thgstered replacement value is too low despite
the index adjustment. After a check of the prickeiand possible adjustment of the re-
placement value, a value of G = 1 is set regardietise outcome.

G <1 means that a residual value will remain dwad the component can probably not be
repaired when its condition has reached “worst jgiad#e”. G = 1 means that the component
will have been completely consumed (value = O)\aitidorobably be replaced. When the
value of G has been set (models IV — VI) or calmdgmodels Il — 1), a decision is also
reached on the residual value issue, using amdmey dtings the values that the analysis and
the calculation respectively have resulted in gamds the standard costs of the measures. G
is called the residual value coefficient. If theogegximation proves to give unacceptable er-
rors in the index adjustment, it will be necesgaryse a correcting factor for the component

type.

There are in principle two courses for model Vitthalue reduction can take. One has a fixed
end date regardless of what maintenance measwesaiied out over the life of the compo-
nent. For these types of components G is normalyhich means that they have no residual
value when the whole consumption margin has beed up and the component is replaced.
Value reduction takes place down to condition vdls a predetermined point in time.
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The other types of components, often having G ard usually able to be maintained and thus
be given a very long life. When the whole consumptnargin has been used up, a residual
value remains. The rate of value reduction is @mtsaind without maintenance the condition
value reaches it residual value at a predeternpioatt in time. If maintenance measures are
carried out, the expenditure is capitalised attlagimum replacement value. A new end date
when the condition value is equal to the residadli is displaced to a corresponding degree
according to the value reduction rate that applies.

4.6 Data capture

Growth of road capital occurs in connection witadoneasures (investment and value-adding
maintenance). Once the TAM concept’s quality-relatecounting model has been imple-
mented, the financial information at component eoichponent type level will be captured
from the invoice via the accounting system.

The contracts for procured road projects shouldaiorclearly expressed requirements as
regards the invoices’ structure — requirements tedbio the road manager’s accounting of the
projects. Prices are given per component type gutimtity information. The totalled compo-
nent type prices make up the contract sum. Regaraiethe form of the funding or the con-
tract, the information should have the same stractlihe road manager has a contract regis-
ter linked to a road project list where every pcojeas information about contracted compo-
nent type quantities and unit prices (cf. Chapjer 8

In connection with the final invoice, undisputedwmonent types are to be approved (in re-
spect of both quantities and unit prices) and exlss-built drawings delivered in a format
adapted to road manager’s system. Road managemestisfor information about each
component’s expenditures, locations and distrilbbutiould thus be properly adapted to com-
puter processing from the outset. This requirerasnegards construction contracts has been
analysed by experienced staff at both the SNRAgntbntractors. There is general agree-
ment that this would function very well and the trantors probably already have the neces-
sary technical aids in place for a rational hargdlfdavings that can be achieved with this con-
tract structure compared to the present modeliaoeissed in Chapter 7 on road manage-
ment’s sub-processes.

Pragmatic data capture should allow informationualdocomponent to be fetched to both the
accounting system and the road and traffic dat& batih a high degree of automation. In
general, the client should demand that both cottra@nd consultants deliver digital as-built
drawings, invoices and reports in suitable form@esta capture should be a prioritised devel-
opment area for the road manager. Appendix 8 aomiamples of how trade and industry
have been working for decades to make data captare efficient.

Before the final inspection or “opening to trafficequirements should have been set to en-
sure that rapid registration in the RDB and theoanting system is possible. It is reasonable
to demand that components actually in use be diyrecoked already in the very first peri-
odic statement, or possibly the first annual actguafter a section of road has been opened to
traffic.

Shared costs outside the contractor's componegtpyiges should not be distributed over the
road project’s components by computer. They mustead be booked in their entirety against
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the appropriate component type unBegerequisite itemsExpenditures and costs that may
have been booked against super ordinate admimstiggms should be able to be analysed
separately. Only at a later stage, and where deapm@wpriate, can they perhaps be distrib-
uted over the components concerned and then oobra@iag to a principle, which is the same
for the whole country. It may also later prove &odesirable and possible to book operating
costs against the components concerned by comiiisrwould permit further valuable
analyses and more efficient resource allocationBd@dvantage of road-users, trade and in-
dustry and society.

In an implemented TAM concept with quality-relaiaternal accounting of physical infra-
structure capital, the construction contracts dameaces per component type and a list of the
component occurrences that are to be deliveredabified. The sum of the component types’
prices constitutes the total value of the contfte contract sum). Every component has a
unique number and after the measures have beeedccaut must be reported to the road and
traffic data bank together with the required infatian.

On the basis of a component type’s unit pricesctmponents’ final quantities must result in
an acquisition or measure price for each respectveponent. The total amount must agree
with the amount booked in the external accounfiiige same investment expenditure is
booked as an asset in both the internal and tegreattaccounting but with different details
recorded. The expenditure for value-adding maimeeavill at least in part be booked as an
asset in the quality-related accounting but bookets entirety as a cost in the external ac-
counting.

4.7 Summary of consumption models, condition-relattvalue appraisal and
accounting

Bridges and tunnels are inspected systematicatlyregularly (visually, by X-ray, or by
means of analyses of samples, stress calculatestdpadings, etc) according to agreed in-
spection programmes. Maintenance strategies avendrp when a deficiency is identified.
Consumption model IIl can be applied. TBeund wearing courseomponent type is meas-
ured systematically and regularly by means of lagglipment and results in measures of a
number of physical conditions (ruts, roughnesssifall, texture, etc), Deficiencies and
maintenance measures together with financial detaih be found in the administration sys-
tem. Consumption model IV is used for bound weadogrses.

Condition values for thBound wearing courseBridgesand Tunnelscomponent typeare
based on well documented measurements, inspeetiaisr analyses. Structured analyses
are also carried out to a certain extent of thelitmm of road structures in respect of bearing
capacity using objective measurement techniques asigeoradar, laser and deflectometry in
combination with sampling (e.g. BARUND). The coialit description is systematic and is
drawn up when bearing capacity problems have lsntified visually. Climate-related road
management requirements that first and foremosterortheRoad constructionsomponent
type group lead to more attentiveness and docurti@mta the administration system and
model Il will therefore be able to be used. Paguirements have concerned ability to protect
the geotechnical constructions when other typextbn are taken in the road area.

Some component types have detailed requiremetnistruction contracts as regards “worst
acceptable” condition and about their upkeep —irements that are followed up more or less
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systematically and regularly. Several of these camepts are already inspected visually
around the country today according to the prinsiptemodels Il and V.

There is no question that the number of compongast that will need to be systematically
inspected will increase as the volume of constomctiontracts containing function require-
ments grows. This means that systematically desdrimnditions will to an increasing extent
come to constitute bases for the control of maemer measures. It will thus be important to
find objective inspection methods of determininghbimitial and final condition (possibly in
the form of condition values) when measures/constra contracts begin and end. The in-
formation will exist in administration systems,rnrore or less advanced individually devel-
oped PC systems or on loose sheets of paper iougpiaces. The quality-related accounting
can at any time receive structure information adicgy to uniform principles and with good
internal control, if the information is compulsadrythe whole country.

A certain type of component may account for a saportion of the total value and cost of
a section of road. The annual cost of inspectionuthentation and registration in the case of
some components may then be judged to be higHatiam to the utility. This aspect may
justify considering whether the component’s cowditvalue is to be recorded systematically
or not. If not, both condition and valuation in #aecounts can follow model VI using the sys-
tem.

The value of all right-of-way land (perhaps theirengroup ofPrerequisite items all road
structures, bridges, tunnels, and bound wearingsesumnay at a guess be equivalent to at
least % of all the road capital. In a test of thedei on four sections of road with bound wear-
ing courses, these components accounted for 8afeafections’ value. For considerably
more than half of the capital value of the stateviadstered roads, the individually deter-
mined current condition of each component occugeurording to “best available technical
knowledge” can form the basis for the valuationhaf road capital and its changes over time.
The prerequisites for performing a condition-redataluation of road capital of good quality
are therefore already rather good.

For the components that account for the remainioggation (at a rough estimate less than
25% of the total value of the road capital) theliqpaf a condition-related valuation can be
expected to vary. It will, however, gradually impeo If the condition of all the remaining
component types were described according to tmeipie in model VI (a, b or c), this would
anyway lead to a considerable improvement in quabimpared to today’s accounting.

The bases for valuation of individual componentsiiie documented (for example in the
form of inspection reports and/or documented pples) so that the valuation can be verified
and checked at a later stage. The administratisiesys mentioned above contain a require-
ment for structured documentation of condition. §lonption or value change models have
been identified both in established applicationSwedish state-administered road manage-
ment and literature reviews. The six consumptioni@®are all graphically illustrated in Fig-
ure 4.15.

The figure does not show whether residual valuesioor not. Each of the models can have
or lack a residual value, which is determined fachecomponent type in respect of the types
of deficiencies that occur. Bound wearing coursesfor example have residual values for
rutting and roughness but probably not for instgbénd poor bearing capacity.
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Some of the models share the same basic prindplese have chosen to describe the small
differences that nonetheless exist by describiegitindividually. The year of acquisition
and/or the maintenance year are registered faoatponent occurrences in all models.

value 4

current price |

Strategy 1

Strategy 2 '\,

>

Time

Figure 4.150utline sketches of six different models for désng a component’s condition

The condition-related accounting must be verifiaddainst similar requirements that apply
for traditional external accounting.

In their “worst acceptable” condition, componen@ynhave some value remaining. Mainte-
nance in these cases normally has the nature afisgcction or repair of damage and wear
to a condition that as far as possible restoredition to “as constructed”. In other cases the
remaining value may be zero. In order to determitegtive consumption and condition val-
ues both “best” condition and “worst acceptableidition must be defined in detail.

76



The two figures below summarize the central coreepguality-related value appraisal and
accounting. The gateway figure 4.16 is a sketch malationships between the applied con-
ceptions in the quality-related model for valuatsord accounting. In figure 4.17 presents the
formula idea concept and the relationships thatibdel is based on, and also the introduced

relative remaining consumption margin (T), whicimply is 1-R.

Standard target
cost

Value 4

current price

Standardtarget valugf= = = = = = = = = = = = — = = —

Costto rectify the

standard defici Replacement cost

Replacementvalue
Condition cost

D

Costto rectify thi
condition deficigncy

Acquisition value
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- standard estimate(
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>
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Figure 4.16Relationships between applied conceptions in tlaitytrelated valuation
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Figure 4.17Relationships between a number of concepts thatgrertant in the condition-
related value appraisal

Components’ physical consumption margin consisth@fpan between the condition’s limit
values for “as constructed” and “worst acceptabléith knowledge of a component’s current
condition, it is possible to say how much of thegirahas been consumed and how much
remains.

The proportion that has been consumed is calledetaéve consumption (R) while the pro-
portion that remains is called the relative renragrconsumption margin (T). The relative
consumption is used to determine the componentiditon value. Information about the
relative remaining consumption margin can be usatifferent future analyses that we shall
return to later.

With knowledge of a component’s rate of consumpttba remaining consumption margin
figure provides some indication of how much timmagns before the component in question
should be rebuilt or replaced. The relative rermgjraionsumption margin is therefore useful
information when planning both measures and funding

Figure 4.17 also shows relationships between thdityis physical or functional condition
measure “as constructed” conditiong)Qcurrent condition (Q), "worst acceptable” condi-
tion (Qy), and relative consumption (R) and replacementeséh), condition value, “worst
acceptable” condition value, standard cost of meal(), residual value and residual value
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coefficient (G). If we also bring the linkage coeiént (S) for component types using the
consumption model VI c (described in Appendix 3pithe consideration the generic basic
formula comprising all component types’ actual dtod value is:

Condition value =A* (1 -S*R *G)

When a value adding measure has been taken, itbaudtserved in the formula with certain
differences between the separate consumption m¢deld/1).

By that, the Condition value consists of four iteimghe accounting system: the acquisition
value, the reduction in value of the acquisitiotueathe index adjustment and the reduction
in value of the index adjustment. This arrangenfigcititates cross-checking against the ex-
ternal accounting. It is also possible to obtalmeoinformation in both fixed prices (the price
level of the year of acquisition) and in currentes. Since components’ actual life cycle
costs, for example, will be followed up, thereigngicant learning to be gained from analys-
ing outcome in respect of historical acquisitiofues.
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5 QUALITY CONTROL, PROCESS CONTROL AND LEARNING

5.1 Background
Among other things, in one of the program declaratt of SNRA, you can read as follows:

“External pressures, global competition, tax contioet, etc are all increasing in Swe-
den. The conflict of objectives will become evenrencomplex and tangible for a soci-
ety that must be globally competitive, increaseneoaic prosperity and at the same
time ensure security and quality of life for it§zens.

For the SNRA ... this will probably mean that a fogui8 be needed on areas that can
increase Sweden’s competitiveness, in tandem fthent, safe and environment
friendly means of transport.”

This might be a concise expression of the requirdsninat apply for the development of
quality and efficiency in the road management pgec&he Government has also made clear
its ambition as regards efficient transportatiorappointing the commission that has now
proposed a unified traffic agency for sea, airdraad rail transport. Customers’ need for
transportation will be strengthened for both indastind passenger transportation and for
society. The climate threat with global warminglviwirther focus politicians’ interest in
transportation and an accompanying increased reezh&inge in the sector. There can there-
fore be no doubt that demands will increase iratteas of efficiency, the environment and
quality in transportation infrastructure management

The pressure for change will also lead to demaodsdmpetitive and environment friendly
development of trade and industry. Rapid, competitievelopment will in turn require perti-
nent information about the infrastructure capitad &s deficiencies. Rational information
should be based on “best available knowledge” ti Isociety’s and customers’ demands and
current condition, deficiencies in standard andditton, together with details of the cost of
applying measures. In order not to be too resoimtessive, the handling of good quality
information about the road infrastructure and &s needs to be supported by computerised
structures. This will allow the long lead-timespilanning processes to be shortened. Fast,
efficient changeover processes in trade and inglaaim be expected to lead to corresponding
demands for synchronised, fast planning processt®ipublic sector. Planning can be made
more efficient purely by the fact that accuratégvant basic information is available already
when the processes begin. To meet society’s exmatsaplanning itself may need to be de-
veloped into a continuously on-going, flexible pees with a somewhat different type of
funding than today.

Efficiency, sustainability, customer-orientatiordaaholistic view of transportation are excel-
lent guiding principles for a change effort thatteates the entire transport system and are in
good accord with the aims of Transportation Assah&fjement.

It is particularly important that these high amtni$ also permeate infrastructure management
processes in practice. Competence-wise, the SNRRagossible future traffic agency even
more so, is expected to be the dominant playdrariransportation market. In such a role it is
important to have knowledge of the customers’ neefdsacrifices and utility with regard to

! From the Project report — S On the Way1.1
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transportation, about sound procurement of newtoactson on a business basis, and opera-
tion and maintenance of infrastructure installagion

In quality-related accounting of the infrastructaepital “best available knowledge” is con-
sidered with regard to the standard of the infredtire installations and condition on the ba-
sis of both social economy and road-users’ expectstThe accounting is based on “best
available knowledge” of any component and sectiomad, as regards costs, times when
measures are needed and known deficiencies intammdind standard. This means that up-
to-date information about how well customers’ expgons are being met, when a measure
will probably be needed, and at what cost, is atayailable.

The quality of a product (an item or a servicdfaslitionally judged in trade and industry on
the basis of the degree of customer satisfactienhow far a product satisfies the customer’s
needs, specifications and expectatforor business reasons, suppliers endeavour to have
“loyal customers”. Among other things, “loyal custers” are seen as potential ambassadors
for the product in question. A common view is thdtoyal customer” is a “satisfied cus-
tomer” and that a “really satisfied customer” cano® secured until deliveries exceed the
customer’s expectations.

The linkage to the customer’s direct preferencesvaitingness to pay for different products
and services is in all essentials lacking in ro@ahagement. The SNRA defines efficiency as
a function of the factors “value and utility” andrbductivity”.

“By value and utility is meant the relationship between customer-pegdequality and
the price that the customer has to pay (value &ty &= customer-perceived qual-
ity/price).

By customer-perceived quality is meant all the factors that the customer comsidéen
making a purchase, except the price.

By productivity is meant that the services are produced in aeftesttive manner, i.e.
the cost per produced service or product is asal®ywossible.”

The customer’s perceived utility of or satisfactieith a product is thus very important as
regards quality and efficiency. Many successfubhargations therefore have quality and
management systems that encourage learning andwons improvement of efficient proc-
esses and products that satisfy their customefgndamental principle in this context might
in many cases be to exceed customers’ expectatimhsreate “really satisfied customers”.

The SNRA'’s strategic plan contains strategies Viitkages to the TAM concept. Two such
strategies with a clear linkage to quality-relasedounting are quoted below:

— The SNRA shall actively use its procurement wtdg to secure competition in the civil
engineering market.

— Life cycle analysis shall be used to an increasixtent to achieve a low total cost for a
road installation.”

Both these strategies are important for managemeantitrol and monitoring. It is essential
that decision-makers have access to relevant lbasdscision and that the underlying infor-

2 According to the Swedish National Encyclopaedesion of 15 October 2006.
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mation is reliable and up-to-date. Questions ofityuar internal control are for example kept
constantly alive in discussions about accountimg@dures, systems and data. To underline
how very important the quality of the basic infotioa is, responsibility for information and
data is normally linked to people directly respbiesior the operations of the company or
organisation. Responsibility for quality is somedsrgiven formal status through signatures
on important basic documents and documents contpimportant information. The board of
an organisation, for example, signs the annualrtep@rder to take legal responsibility for

the information. Many of the organisation’s stakédlos attach great importance to the annual
report.

Quality-related accounting contains informationt fisantended for several of road manage-
ment’s sub-processes. In large organisations wiiknsive flows of data and many people
involved, constant attention needs to be paideajtirestion of data quality. It is manage-
ment’s responsibility to monitor internal contreidaensure that data capture for control,
monitoring, analysis, learning and developmentathlprocesses and products is efficient.
Quality assurance and internal control are nowadaygputerised in order to be effective.

5.2 Problems and purpose

The continued development of infrastructure managens expected to lead to an environ-
mentally sustainable and efficient transport systéth an increased focus on the customer,
international competitiveness, and quality. Adainsls, infrastructure management has embar-
rassingly long planning processes (lead times).comestruction sector is struggling with low
productivity and reliability. Clients have diffidigs in handing the development of projects’
acquisition costs. The road manager has an ingritly business-like approach, particularly

in a life cycle cost perspective. It might thereftve desirable to analyse and discuss whether
quality-related accounting would support the inseem efficiency being sought with regard

to infrastructure management and, for exampleg&u imanagement’s sub-processes.

One conceivable example of such an increase iciefity might be found in process moni-
toring and control itself. Control can in theorylteesed on continuous follow-ups of critical
key ratios and indicators that describe the abbedlenges in a relevant way. The informa-
tion in the quality-related accounting has a custiofocus, quality and costs as its starting
point. Data would therefore be able to supportr@ginaous planning process and allocation of
resources. Up-to date knowledge of quality deficiesis an important prerequisite for this
type of concept. Continuous follow-ups and monitgrof critical key ratios also allow unde-
sired deviations from quality standards to be aagah quickly.

Improvements should be able to be achieved by segl#arning in the various sub-
processes. This can be done by focusing on fasttilen, fast analysis and fast dissemination
of experience of both particularly successful ausIsuccessful activities and operations. In-
efficiencies and errors must be identified earlyrothe process, negative non-conformities
must be analysed and dealt with in order to lilmit tonsequences for the customer. Knowl-
edge gained from analyses must be disseminatedghnoetworks that cover the whole or-
ganisation immediately and systematically. Mistakesst not be repeated while good exam-
ples must be duplicated throughout the organisassoon as possible. Short lead times in
learning are an important success factor for efitinfrastructure management and should be
able to contribute to a positive development ofpiadivity in the construction sector.
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According to this principle, it is permitted to neknistakes — but not to repeat them. Even
mistakes contribute to a positive development @vkedge if handled correctly. In actual
fact, divergent approaches and less successfuteswrf action have often led to new con-
cepts for success after extensive analyses anddievejopment processes.

The control and monitoring that we are lookingrathis chapter occur in various forms in the
process industry, where it is particularly impottamidentify problems in manufacturing

early on. When a defective unit is detected, thaufecturing process is corrected as quickly
as possible. Further processing of the defectivieimistopped. From an economic point of
view it is not defensible to allow a defective uaitcontinue being processed because it
would anyway not lead to a product that fulfils #yplicable quality requirements. Continued
processing would mean higher costs for pointleskwat has already been identified, be-
cause the product could never be released ontmdinkeet.

Excellent opportunities should therefore existlsmanake road management more efficient
using a similar process control concept with stiecfuirements in respect of active control,
learning and internal monitoring. Such a concepuages that the bases for decision are of
good quality and current. The purpose of this abraistto theoretically describe the opportu-
nities for a corresponding, qualified applicatidrgoality-related accounting according to the
TAM concept.

5.3 Quality control

531 Quality certification of basic data in the model

The question of when the “optimal time” for a mamance effort occurs is a determining
factor for decisions about measures. There exisiat two function prerequisites for the
component types. “Function type 1" refers to alhpmnents that have a connection between
user effects and condition and in a socioeconomlimutation have a condition for which a
minimum sum cost exists. “Function type 2" refer®ther components where measures are
to be carried out when their condition in a custoperspective reaches the limit value for
“worst acceptable” condition. It is important totedhat in theory one and the same compo-
nent type can belong to both function types dependor example, on traffic flow. Which
function type is to apply is shown by the comportgpe’s “circumstance algorithm”.

The way in which limit values are determined isthero aspect of data quality. In order to
certify the quality of data for different typesanfialyses, this type of aspect will also be qual-
ity certified for each individual component occunte.

Actual acquisition values are booked with qualitydls 1 and 2 for investment projects pro-
cured by unit price per component type. Level dnffered unit price per component type.

Quality level 2 indicates that the value has besessed afterwards by the contractor or the
project manager on the basis of a priced list afngities or acquisition values determined on
the basis of actual contracted historical unitgsiand quantities in the road investment. In-

formation is retrieved from archived documentsg®ject (object binders). When the values
have been adjusted against a known acquisitiorevialuthe entire investment project a long
time after the requisitioning of the project, thegve quality level 3. For levels 1, 2 and 3,
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there should not be any difference between thé astguisition value of an investment project
in the external accounting and the totalled compbmalues in the internal accounting.

Level 4 is used to indicate standard values witlaliistments. The standard values are based
on mean values of actual prices per component dpernatively, the standard values may
have been calculated per component type in “byiftlealculations for a typical component
according to a “standard projection” using reak nices at quantity level (different quanti-
ties® for historical acquisitions in the SNRA'’s calcudat database). No adjustment is made

in respect of actual acquisition value for the vehiolestment project. This level may contain
unknown errors as regards both unit prices and ocomts’ quantities. It is not possible to
recreate the original investment project but regtaent values and existing components con-
stitute the most relevant information here.

The balance sheet item for a component in theriatexccounting has eight different quality
levels with this approach. Four levels:14, refer to the quality of the financial informaii
while two refer to quality linked to uncertaintiegarding quality requirements calculated
from a socioeconomic point of view and as asselgedad-users. Quality of the data that is
certified for all components’ acquisition valuesidze structured as shown in table 5.1. Pri-
marily data with the same quality grade should $dun comparative analyses.

. Quality of the value when booked
Component function 1 > 3 7
Function type 1 (with known effec
relationships) Q11 Q12 Q13 Q14
Function type 2 (with no effect relg-
tionships)yp ( T Q21 Q22 Q23 Q24

Table 5.1Structure of data in respect of need for use alyses

It is known that the different component types’tyrices show varying degrees of spread;
the unit prices for e.g. the component tyfdddlife fences shows very small spread compared
to theTerracing, surface water run-offs, roadside areas type. The same component type may
also have varying spread in different parts ofdbentry. Different kinds of variations in
comparative analyses of the same component typgdshe made clear in the learning proc-
€ess.

5.3.2 Basic approach

Processe$normally lead to products where actual quality @nty deviates from intended
guality. To some extent, the deviations may be gieed as “quality’s background noise” or
“the process’s inherent disturbances”. Consideraydtematic deviations or determinable
guality-affecting variations can also occur. Thitelakind may for example be the result of
incorrect machine settings, operator error, mdtdagects and/or bad decisions when consid-
ering other alternatives.

¥ MF 95 and AMA — two description lists of road pumtion quantities.
4 Douglas C. Montgomery, Introduction to statisticahtrol, 5th edition, 0-471-66122-8, USA, 20TChapter 4-
1p. 148 and Figure 4-1, p. 149 ff.
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A number of statistical tools can be used to fat#d control and change efforts in processes
(Statistical Process Control, or SPC). Variationsdividual values, mean values and stan-
dard deviations can describe troublesome irredgidarin a product’s quality. The tools can be
used for computerised detection and analysis oésined deviations.

Since the objective is to achieve stability in giieduction process, causes and corrective
measures are normally followed up in order to redihe variations in quality in the process
in a controlled manner. In Figure 5.1, the variaiin a process that continues over a fairly
long period of time have been sketched. Up to tintlee process is under control with mean
valuey and standard deviatiary. The process is only subject to “natural” randariations
with resulting effects on mean value and standaxdadion. The variations lie between de-
fined lower (LCL) and upper (UCL) limit values iespect of what is acceptable quality-wise.

Between points;tand § there is a “determinable” variation of typee. This leads to the
process and mean valye ¢ ) no longer being under control despite the stahdawiation
still beingoo.

Timet
Assignable cause three
is present; process is G, > G
&
out-of-control D
Assignable cause two is & b /9//
present; process is _><C G,> 0
out-of-control e
! . t 9 -
Assignable cause one is 2 =
present; process is
out-of-control Gy —>/ -

Only chance causes of 2 <
variation present;

processis in Gy —>,
control

\ 4

LSL Ho USL

Process quality charateristic, X

Figure 5.1Chance and assignable causes of variation (Do@yl&ontgomery, 2005).

A “determinable” variation of typevo appears and affects the process during the pbeed
tween pointsgtand ¢. This variation results ip = o and standard deviatian > . Neither
process nor standard deviation is under control.

At point t; a new “determinable” variation of typleree appears, with the result that the stan-
dard deviation becomes > 6o and mean value falls {@ < . From point § on, neither
mean value nor standard deviation is under cofdradhe process.

In process-oriented activities and in “learningamigations” some kind of tool is often used
to detect non-conformities in a process and measemes in order to maintain control of a
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desired development. A secured development asssystamatic analyses of deviations. The
focus on deviations may be directed towards costgsurements of quality, productivity,
delivery reliability, and efficiency or similar irespect of the process’s critical factors. As
tools, and to demonstrate the measures appliedyfas®ren well-known techniques, “The
Magnificent Seven”, is often used:

Histogram or stem-leaf plot
Check sheet

Pareto chart
Cause-and-effect diagram
Defect concentration diagram
Scatter diagram

Control chart

NookowpE

Ensuring that road management’s processes are oadeol at all times would require ac-
cess to systematic, quality-assured and relevatd dpte information about the processes’
critical factors. A secured, fast learning prodesaso needed. It is the nature of processes to
require speed as regards detection of defectsaficeamcies, analysis of possibilities for im-
provement, and correction. Fast learning is acalisuccess factor since errors must not be
repeated time after time. It is just as importiat Dpportunities for improvement be taken
advantage of. Good examples and improvements imerstfore also be quickly identified,
analysed, quality-assured, implemented and monitorea large scale.

Information in the quality-related accounting isifiable, cost-based and up-to-date. It is
based on “best technical best knowledge”, “besiiava knowledge of customer utility and
socio-economic effect relationships” and strinderd@ncial accounting principles. With this
as the basis, it should be possible to verify wiietbad management’s important sub-
processes are under control by continuously idgntif“deviations from specified limits”.
Accumulated needs for maintenance or maintenandddza(Mbl) are examples of measures
that describe whether the road management progesgler control. The information can be
provided from the system in the TAM concept’s insdraccounting. Mbl is analysed and dis-
cussed in greater depth in Chapter 6.

5.3.3 Control limits

Henceforth, control charts (7) will be used tosthate values relative to mean value and up-
per and lower control limits graphically. Theorregarding statistical quality control tools
concern sample sizes, the meanings of statistieakores, how control limits are set and how
combinations of measures should to some extenitbgoreted. Control charts with control
limits, that are used in continuous control and itooimg of processes, can also be used for
improvement of quality, productivity and efficiendyith relevant data, monitoring can be
performed at both individual level (component ocence) and, for example, road network
level. The principle is applied in the control andnitoring of traffic with known effect rela-
tionships and measured traffic data.

In many other contexts, monitoring is conductesigsandom samples with quality limits
adjusted for samples. In trade and industry indBé (Montgomery, 2007), limits for quality
characteristics are often set on the basis of naalre (1) plus or minus a multiple (L) of the
standard deviatiors]. In order to maintain acceptable quality, statataontrol limits should
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be determined on the basis of at least 30 occugseofcactual values for a component type. It
is important to adjust statistical based limitsatlger analyses regarding the actual prerequi-
sites. The intention is to make the control linmitsre useful for current process controlling
and to reduce needs of further analysis. The I¢la@L) and upper control limit (UCL) for
component type k can generally be based on theecenmean value lingif) according to

the general formulae below:

LCL x = pk — Lk * ok
UCLk = pk + Lk * ok

Corresponding general expressions could be detisadlue, cost or similar for components
within the same component type at a specified age fumber of four-month periods, t) or
after the same usage (e.g. millions of equivalehiale passages, f). The centre or mean
value line fon' andp,’ would be plotted according to:

LCL kt = llkt - th * th andLCL kf = llkf - ka * ka
UCth = ]lkt + th * th andUCka = ]lkf + ka * ka

Figure 5.2 illustrates the linkage between conditieficiency in SEK/m or comparative fig-
ures in respect of age or usage for componentsnaatie and the same component type. A
specified value for a component’s condition defici (e.g. deficiency at point of “worst ac-
ceptable” quality of théound wearing course type) can occur at different ages or numbers of
vehicle passages. Correspondingly, the value ofdnelition deficiency can vary at a certain
age or for a certain usage.

Valueof 4
condition
deficiency
orlRI or Worst acceptable condition

Rutdepth [ 7777777 ey

— Lower control limit, LCL
—— Mean valueline,p
—— Upper control limit, UCL

p = Meanvalue
o = Standard deviation

K2 ]

f = Total vehicle passages

t =Age
K1 Oy
T T :
t, t, Age, tor accumulated
f, f, vehicle passages, f

Figure 5.20utline sketch of pavements’ quality deterioratitue to number of vehicle pas-
sages.
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Factor L is often set to 3 (“thes3nethod”). For L = 2, we speak about “early warsing\n
important question as regards the quality of th@robis how the limit values are determined.
When the TAM concept has been introduced, the sag@sue will be less important. Any
road-user considers the function on the sectionad the he or she generally uses and is less
interested in whether it is good in the countrnaaghole. In road management, the control
limit technique should result in a well-developeaywof making assessment and control more
uniform over the entire country. Roads with simtiaffic flows and other prerequisites
should be given as similar limit values as posditie¢he same component type. Each sec-
tion’s component occurrences should then be contisly monitored against established limit
values. This allows comparable road sections ifeiht parts of the country to be analysed
by computer.

Mean values and preliminary control limits (+ $)are calculated for at least 30 actual val-
ues. Should an organisational unit have an ambitiaget its own control limits is it important
that at least 30 actual values really are useaptose unique limits. When the limits are
tested initially, single values may lie outside doatrol limit in spite of the fact that they are
acceptable. They may also lie inside the limit esdund be unacceptable. Values close to the
limits must therefore be analysed at the very begmand the limit values that are finally set
must be quality-assured.

At any rate, there exist three different ways a&fessing control limits on the basis of experi-
ence. One practicable way, and that is alreadgé, ig to assess the limit values for resource
prices. In the second approach, the componentisygieided into populations or affinities

with regard to known price-affecting factors. Thed is a combination of the first two. Each
of the three approaches is described in its owticsebelow.

5.3.4 Manual assessment of price control limits using approach 1.

The work on construction price indexes has giveomkadge of price proportions for each
component type’s resource inputs as regards atiguisialues. Control limits can therefore
be assessed by making a plausibility assessmesichf resource input’s variation in per cent.
The principle is illustrated with an example of theard rails component type (see table 5.2).

With the resource price proportions stated belod/famm an actual mean value price of 520
SEK/m (index-adjusted value from the preceding yeanumber of experienced road engi-
neers (specialists) can assess acceptable desiggwmesource input and for the total value.
The value of the preceding year's UCL based onahgitices and standard deviation (for L =

3 in formula 1) can also be known when the spestmtnake their assessments. Knowing the
value of the UCL should lead to individual speatdimaking an assessment corresponding to
a new factor, L < 3. The limit values to apply determined in a total assessment or as the
mean of the road engineers’ individual assessments.
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Known price pro- | Deviation (%) Assessed
Resource input portion amount
(%) (amount) | max min max min
Wages 21 109,20 3 3 112,00 106,00
Salaries 6 31,20 10 10 34,00 28,00
Machinery 29 150,80 5 5 157,00 143,00
Steel 35 182,00 3 3 188,00 176,00
Transportatio 9 46,8(| 3C 3C 60,0(| 34,00
Total: 10C 520,0( 556,0( | 487,0(
Assessed limit values:  --- 5.8 5.8 550,00 490,00

Table 5.2Example of a structure for assessment of contmat Nalues

In the example, the control limits for t&ard rails component type’s acquisition prices
have been assessed to be + 30,00 SEK/m from tkee-adjusted mean price. UCL = 550,00,
u =520,00 and = 13,2 (previous year’s standard deviation) give 2.3 in the formula UCL
=puxlL*o.

In the procurement of “erection of guard rails’e thew average price {;) should be lower
than the previous year’'s mean value price adjusyettiecomponent type’s assessed
construction price index, i.@.+1 < 520. The sector should be expected to show some
provement in productivity. The established conlirolts for L = 2.3 (490 and 550) are used
during the year when procuring “erection of guaisi and for new investments where ten-
der prices for th€&uard rails component type are to be monitored. If the pragkiction

1 — 41 IS substantial, the control limits should be atjdscorrespondingly before they can
apply. The resource inputs’ price proportions,dbeelopment of the mean value prices and
the value of L should be regularly analysed androemted upon by road management’s spe-
cialists. Analyses and corrections should be doctieteand able to be reviewed in independ-
ent audits.

535 Manual assessment of price control limits using approach 2.

The individual component’s design or charactersséie affected in respect of some compo-
nent types by for example differences in circumastanIn practice, the different characteris-
tics can lead to the component alternatives’ adtipnsprices having completely different
levels. The intervals between UCL and LCL mightvbey large for such component types.
They might be too large to be applied in practiea dvasis for monitoring acquisition prices.
Applying approach 1 would in many cases lead tteqaidbsurd prices being accepted.

From the point of view of monitoring and contralis important for many component types
to clarify the circumstances that determine comptsielesign or characteristics. Such cir-
cumstances might for example be the type of raaffjd flow or posted speed, but also other
factors such as built-up areas and moisture imahd depending on weather and climate. For
example, larger formats or more heavy-duty consittus are needed for certain types of
road, speeds and/or vehicle weights. Built-up aceaslead to greater consideration for the
environment when choosing a bound wearing coutsefor example known that many days’
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saturation of the pavement and/or higher speedsttesignificantly greater wear than for a
dry pavement and lower speed.

Details of the circumstances mentioned above haee hsed for a long time as basic infor-
mation, among other things in long-term plannimjotmation with this type of content has
therefore already been registered in the roadrafifictdata bank (RDB) linked to the road
network. Information about circumstances permitshanced” computerised monitoring, for
example of acquisition prices. A component type leamlivided into different groups in re-
spect of the circumstances that are important wheosing the component’s characteristics.
Price intervals can vary for one and the same compiatype and follow defined rules in a
“circumstance algorithm”. Approach 2 assumes thatRDB either already has or can pro-
vide all component-related information in the altion and deliver it to the quality-related
accounting. Each individual component occurrencalavthen receive the information that
categorised monitoring and control requires fromRDB.

5.3.6 Manual assessment of price control limits using approach 3

Approach 3 is a combination of approaches 1 ard the long term, it will probably come to
be the most common approach, as a continuatiopgrbach 2 with the computer-set limits
for L = 3 (control limits =u + 3 * 6). According to approach 3, the limits are deteedim
respect of different circumstances in accordanctke approach 2 and then via analysis in ac-
cordance with approach 1. For computerised follps-of a component’s annual and life
cycle costs, the best way to determine the limitesis to use approach 3.

The quality-related accounting provides detaildafexample, individual components’ an-
nual cost in respect of depreciation or consumpfldre plausibility of this type of costs can
also be verified by computer in the same way asiatttpn prices. For thBound wearing
course component type, for example, there are a numbgobddrs that conclusively affect
consumption. Such factors include traffic compositithe total traffic effort, posted speed
and the pavement’s moisture content. Good knowledgss of different influencing factors
and what pavement lives can be expected. For agmdidevelopment and learning in the or-
ganisation, this type of follow-up and monitorirfgpsild be performed systematically for all
paved roads.

One general issue concerns the balance betweemateid and manual work in follow-ups
and monitoring. The distribution between automated manual work will probably differ
between component types, among other things dizekaf knowledge about cost-affecting
factors and assessed utility. Knowledge will grdiguienprove iteratively through a system-
atic follow-up. The remainder of this essay dessibtructured computerised analyses. It is
assumed that as time goes on these will be supptech&vith experience, for example from
in-depth analyses, in an active learning process.

5.3.7 Quality assurance of control limitsfor acquisition values

The quality of the acquisition values in particukacritical. The acquisition values are also
important as regards for example consumption @sddife cycle costs according to the
model that is applied here. This is the reason tluyissue of quality assurance of acquisition
values recurs.
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A check of the initial acquisition value limit vas should be coordinated with the determina-
tion of components’ resource input proportions eachponent-adapted construction price
index. Acquired price awareness from working wekaurce input proportions is an impor-
tant prerequisite for assessing the plausibilityhef calculated control limit values. The plau-
sibility of total price intervals can be assessed a plausible value established for L by
means of logical reasoning with regard to reas@ndbliations from the acquisition price’s
mean value for each resource input in turn. Thehotehas been described earlier in an ex-
ample in section 5.3.4 above.

Values that lie outside the set control limits kafe unchanged if they can nonetheless be con-
sidered to be correct, while patently incorrectiealare adjusted. When values are lying in
the area between the control limits, this tendsotafirm that the process’s limits are well-
balanced. Mean values and control limits are adetyjuaxplained, motivated and quality-
assured for each component type through a careélysis of resource input prices. Quality-
assured mean valugs) can be used as unit prices according to standdues in approaches
Q13, Q23, Q14 and Q24.

If the component types’ acquisition values neebld@djusted within the scope of a known
acquisition value for an entire road project, ilnmportant that unit prices for the project’s
other component types are adjusted correspondifly project’s total acquisition value
must not be changed. In a review of acquisitiom@slit is essential to find and mark values
that can constitute “Best Practice” for benchmagkpnrposes. New mean values, control
limits and values of L should be calculated withany values that lie outside the worst con-
trol limit but should include adjusted values aB@5t Practice” values.

5.3.8 Algorithmsfor depreciation/value reduction and accumulated LCC

Control limits must be adapted in a plausible mamséng the best available technical
knowledge, so that they can be used for each coeman respect of actual prerequisites and
environment. The limit values are calculated irpees of relevant value-affecting factors
such as accumulated traffic effort, posted speed cimatic/hydrological and/or geological
area.

For bound wearing courses’ life cycle costs formagke, control limits can be related to the
number of equivalent vehicle passages, posted spessture conditions (zone or similar)
and/or type of salted road. ‘Equivalent vehiclesaaes’ means that traffic composition and
the proportion of heavy traffic are taken into ddegation. A heavy vehicle can be equivalent
to several hundred passenger cars from the poineaf. Computerised control limits adapted
to relevant factors can reduce the amount of manaed and make in-depth analyses of de-
viations more efficient. A saturated pavement lrasgn to wear several times faster than a
dry one and capability should therefore exist k@ tdhe wearing course’s moisture content or
water saturation into consideration. Salting ia@dr that has a strong impact on the wearing
course’s moisture content. The limited test conglitty the Internal Auditing department on
some comparable roads showed that wear increaskeetwgen five and seven times in damp
conditions compared to dry. The contribution ofadiecting factor should be established be-
fore it is built into the model.

In addition to the number of equivalent vehiclegaaes and posted speed, life cycle costs’

control limits for superstructures might also béeab have different zones for the number of
meteorological freezing point vehicle passagesmaiméralogical conditions. Vehicle pas-
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sages at freezing point are important from the tpafiview of frost heaves, which can cause
superstructure layers to shift. An increasing nundbesuch shifts will probably accelerate the
structural degradation of friction materials. Tiipds of minerals that occur in the area may
be of importance for the quality of rock used ia guperstructure material and can thus be a
determining factor as regards the degradation Extgradation in itself is a slow process, but
in areas with low-quality types of rock (e.g. higiica content) degradation will take place
over a relatively short period of time. In poor erél, the process can be measured objec-
tively in connection with laser measurement of liburearing courses. The examples of af-
fecting circumstances described here should beeuboirkto the “circumstance algorithms”

(cf. section 5.3.5 above).

54 Process control

54.1 Computerised monitoring in sub-processes

Road management’s sub-processes can be monittined edntinuously, or sufficiently regu-
larly as to whether quality-related costs and vallgow any abnormal deviations. It is there-
fore possible to determine with satisfactory fregmyeif a sub-process is under control.

According to the TAM concept it is permitted to neakistakes but not repeat them anywhere
in the organisation. Mistakes must therefore beldyiidentified and dealt with in a learning
process that exists for each sub-process. It enasfor road management’s results that de-
ficiencies be identified quickly, to allow correddiaction to be taken or warranty claims to be
lodged without undue delay. Contracts with suppli@ust contain appropriate and relevant
warranties. Correspondingly, it is important tooaldentify good examples and propagate
them throughout the organisation. The learning ggsds therefore a central element in moni-
toring and control and in improvement efforts.

The approach using computerised monitoring agamstrol limits can be applied in several
sub-processes (see Chapter 7). In the ‘Long-teamnohg’ sub-process, control limits can for
example be applied for following up and monitorthg development of productivity, mainte-
nance backlog, and for instance indexes and paisesmed in the plan and road manage-
ment’s cost drivers.

The ‘Procurement’ sub-process can have controtdifior components’ acquisition prices.

In ‘Short-term planning and follow-up’ control litsiin the form of unit prices can be set for
components’ annual costs and/or for accumulatectijtle costs (LCC) discounted to net
present value for the year of acquisition. Follopswcan also be assorted on the contractors
that have nationwide coverage for use in the peroent process. Deviations against control
limits expressed as percentages for deviationsnidiipg on time, quantities, and unit prices,
can be used in the organisation’s continuous foellpaof investment and maintenance con-
tracts. Also can project’s cost discrepancies atingrto established plan in the realization be
mechanically analysed in running follow-ups withoahtion at price each, quantity and time
dependent causes. This kind of follow-ups of caosegiscrepancies can also be automati-
cally designed to projects in the established lwrg: plan.

Outline sketch 2 in section 5.3.4 Control limitspw/s that the distribution of components’
values in respect of condition deficiency (consuorptcan for example increase with in-
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creasing age or number of vehicle passages. Thedwipol limits (UCL and LCL) provide
an opportunity for computerised monitoring of whesthomponents are following a “normal
and acceptable” consumption cycle or that regidteedues do not contain significant errors.
“Normal” values for components’ condition developmheannual costs and LCC will gradu-
ally become known for all component types. Betteowledge will in turn generate new
needs as regards division and monitoring and cbntro

5.5 Condition description model VI

5.5.1 Length of life

For many component types, the condition descripardinfollow model VI, which in its sim-
plest form is based on a linear reduction in valuer an assessed length of life. It is essential
that both costs and reduction in value reflect@atonsumption as far as possible. A time
function that reflects a real-world reduction idueacan be constructed in several different
ways. With a statistical approach, the functionlddae designed for each component type
according to the following seven-step procedure.

1. Choose at least thirty occurrences of the compaygetin question of varying condi-
tion and for which the year of acquisition is knowdhen choosing the occurrences, the
entire range of conditions must be exemplified.

2. Choose a number of specialists (preferably > 5jffercomponent type in question and
for its management.

3. Together with the specialists, determine a conditiassification with an associated
scale and a description in words and pictures.stlaée should define the component
type’s different conditions as clearly as possililee specialists should be able to un-
derstand and apply the scale when inventoryingcéassify the current condition of all
occurrences of the component type.

4. Have the specialists, individually and independeotleach other, determine the condi-
tion of the chosen component occurrences accotditige adopted scale.

5. Compile the results of the specialists’ conditi@edmination for each occurrence tak-
ing the actual age of the components into consiidera

6. Fit curves (or straight lines) to the conditionetatinations made by the specialists.
Curves can for example be fitted to different typésalues such as 1) the mean value
with regard to age of all the specialists’ condit@assifications of each component, 2)
the same as 1 but for the median instead of thenwvedae, 3) the mean value of the age
of the occurrences in each respective conditiosscdecording to the specialists’ as-
sessments, and 4) the same as 3 but for the miedi@ad of the mean value (see Ap-
pendix 2).

7. On the basis of the curves showing the developmiehie condition value in respect of
age, a suitable function can be constructed foddmease in value and the life of the
component type. With information about the spreadrag the different assessors, it is
also possible to determine control limits for tlevelopment of the component type’s
condition.

93



55.2 Residual value

The next important question with regard to conditiscription model VI concerns the re-
sidual value. Does the component type have a rakidue when the value corresponds to
the “worst acceptable” condition or is the compdrmearmally replaced with a new one when
it has reached the end of its life? In cases wtlereomponent type is normally “repaired” its
residual value must be determined. It can be detediras

Residual value = Replacement value — Standardofdse measure

The replacement value is determined on the basaai component’s acquisition value
while the control limits are based on the meanealithe component type’s acquisition val-
ues. The condition value for a component afteryii@grout measures may not exceed its re-
placement value. The cost of carrying out meassrééfge actual expenditure for the measure
that improves the component’s condition.

The standard cost of a measure is the normal €é@steasure that improves condition from
“worst acceptable” condition to “as constructedielstandard value is determined as a statis-
tical mean value of a large number of actual cosepplying measures of the kind in ques-
tion.

The residual value can also be seen as the netquaythre road manager receives in respect of
the old component when it is replaced. In casegevtgs type of payment occurs in respect
of a component type, the residual value must adsddiermined as the statistical mean value
of a large number of payments.

5.6 A component type’s “healthy core”

Every component type has a fairly large numberonfigonent occurrences in what can be
called a “healthy core”. A period’s “healthy cordius contains all occurrences of the compo-
nent type that have the following characteristics:

- an acceptable acquisition price from a businesst pdiview,

- acceptable quality from a business point of view,

- acceptable condition values over the whole period,

- annual costs and costs for measures acceptaliie todd manager over the period,

- acceptable accumulated life cycle costs hithertinduthe period,

- acceptable consumption before and after measufresdbver time, and acceptable
values for the whole of the analysed period.

Periodical every component is classified accordintipe characteristics into one of the data-
bases “best practice”, “normal” or “worst practic&his means that the “healthy core” con-
tains components with “normal” and also “diverggrgbod” values (“best practice”).

Components with too high life cycle cost are coesed in principle to be inefficient road
management with likely cause found as the firstiosxl deviant characteristic (“worst prac-
tice”). This might be wrong if the customers sageater value in the component than others
or if the effect relationship shows that the congaaris nonetheless of benefit to society or
perhaps even more efficient than those componeitiidawer life cycle cost.
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The relationship between life cycle costs and éffeness for society must be analysed sepa-
rately. The analysis may lead to a need for chaimgag£omponent’s “circumstance algo-
rithm” and/or new control limits.

5.7 An efficiency analyses concept

It has been drawn up a mechanical supported affigianalyses model from the data obtain-
able in the quality-related accounting. Here foboavshort report on the two steps of the con-
cept.

571 Thefirst stepin the efficiency analysis

In the initial phase of the first step in the affiecy analysis, component occurrences with
deviating acquisition values and quality are sele@end the information is noted in databases
as described above. The first phase should take glarly on in connection with commission-
ing the component (final inspection) when it isfidad over” or “opened to traffic” and/or
when the invoice is processed.

In the second phase of the first step, componeanroences are sought that have condition
values that have exceeded their limit values. Ehautlined in figure 5.3 below where the
components of both function types 1 and 2 have bketthed in separate curves. Indicators a
or b (“function type 2 and function type 1” compat®) and c are calculated continuously,
where

- ais a component occurrence’s condition value lesgalue at “worst acceptable” con-
dition

- b is a component occurrence’s condition value lss%ptimum” value for carrying out
a maintenance measure

- cis acomponent occurrence’s condition value lssgeplacement value, i.e. the value
of the condition deficiency

For “Function type 1” values, all component occooes are checked in respect of whether b
< 0. In those cases where condition b < 0 is rhetptcurrence is noted with its value in a
special database. There the number of years thattidition has been met is noted iinae
counter.

For “Function type 2" components, a correspondes) is made of whethera0. In the same
way as for “Function type 1" components, detailshaf component’s a value are noted in a
database. The number of years in a row for whictditmn a has been met is noted in the
time counter.

The second phase is carried out at a suitable poimhich a report is to be made. Compo-
nents with a worse condition value than the appleéimit value will then have been listed in
an database with the values of a and c or b aaddcthe number of years that the limit value
has been exceeded noted intiln@ counter.
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Figure 5.3 Sketch of analysable efficiency indicators

In the third phase of the first step, checks ardena respect of control limits for “normal
annual consumption cost”. The control limits, theg determined according to the principles
described above, must take factors relevant taahgponent type, for example type of road,
traffic, speed, etc, into consideration. Those congmt occurrences that have a deviating cost
development in respect of affecting factors retativ the control limits are noted together

with the deviation in databases (see figure 5.4).

Deviations that exceed the upper control limit bynits (u < 0, UCL for annual cost — current
annual cost) are noted in a database while theseeteed the lower limit by v units (v > 0,
LCL for annual cost — current annual cost) are cnateanother database.

Any occurrence of an excess portion of a valuefagidost of a measure, i.e. the portion that

may not be taken up as an asset but as a codeid imoa separate database. The third phase is
carried out on the same occasions as the secosé.pha
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Figure 5.4 Check of component occurrences’ development akdage, use etc.)

Component occurrences have been analysed eanyrespect of deviations relative to con-
trol limit values and where detected these have beged in fifteen separate databases. We
shall continue with the second step that amongrattiegs concerns analyses of components’
life cycle costs.

5.7.2  Thesecond step in the efficiency analysis

In the second step in the efficiency analysis, érm@mponent occurrences that have deviating
discounted and accumulated annual costs considesigage etc are screened out. Costs that
are concerned here have arisen out of the roadumesasew construction, improvement and
value-adding maintenance. Component occurrencé$athautside the control limits for suc-
cessively accumulated annual costs are probalaydome extent the same occurrences that
already exist in any of the databases above. Alsbis case, we differentiate between com-
ponents’ function types 1 and 2 by means of inthcain two separate databases.

Successively accumulated consumption costs disedunotthe year of acquisition for all
years since the acquisition exist for all comporeaurrences. In the outline sketch (Figure
5.4) there are four component occurrences thatnwaheertain use or age is applied, have an
unacceptable cost with u cost units outside thepmorant type’s upper control limit. All
components that at the time have a differencetkess zero between the upper control limit's
value and the accumulated present value up toranhading a certain age or usage are noted
in a separate database. This means that the comtfslife cycle cost has hitherto been un-
acceptably high considering affecting factors ratéwo the component.

Figure 5.4 also can show that the second stepeiarnhlysis identifies component occurrences
with exemplarily low accumulated annual costs dredresent value of the annual costs (v)
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or LCC. When an analysis of these occurrencesscaistws that the information in the ac-
counts is reliable, they can be used as “bestipegiah benchmarking.

In addition to the databases described above, th@lso a database that contains details of
every component that has been the subject of \edidéig measures (maintenance and/or
improvement). Such information includes the pamtimme when the measure was carried out,
relative consumption before and after the measudelee change in the capital value during
years when no measure was carried out. Any losheidn of consumption, any lost exten-
sion of consumption for the measure carried oldfive annual consumption ratio and ex-
penditure for the measures are also calculatedlacgmented. The average annual consump-
tion for comparable components with the same “cailgerithm” is known. When a lost ex-
tension of consumption has attained a sufficiehidj value, this indicates that the measure
was either carried out on a component too eartynos component of too low quality. In the
quality-related accounting, deviations of composewalues and expenditure for measures
can be identified by computer. There is also pdssdautomatic calculate value lost accord-
ing to the standard cost of the measure.

The external quality deficiency cost can be foundeficient quality of a supplied measure.
The deficiency is reported as a lost consumptiorgimdor a new component for all compo-
nent types that is noticed in the final inspecti@fore it is handed over. A rational client will
ensure that deficiencies are rectified by the sappAlternatively, the price of the component
can be reduced or the agreed warranty period esteMihat actually takes place is noted in
the quality assurance system in connection witHitia inspection and reported in a struc-
tured manner in the quality-related internal acctimgn All in all, the life cycle cost should

not deviate from what is normal for the compongpetafter compensation, which must be
verified in the follow-up. Also this kind of valuest can be quantified.

In order for the client to be considered to hawiired quality deficiency costs for a compo-
nent, the same component must also exist in andtdtabase. If this is not the case, the client
has managed to secure sufficient compensatiomire $orm for the low quality supplied. The
contractor or the sector has lost much of the piatlevalue added, so quantified information
should be discussed in the learning process.

Table 5.3 below illustrates which database comhnat(X) indicate where road management
has probably failed in financial terms. The same noay contain more than one X provided
control limits are adjusted regularly on the baditest available knowledge” there will be
less probability that greater utility might have timated the cost increases. Here it is also
stated whether it is reasonable to assess thedaildinancial terms as the deviating LCC
value (the difference between a component’s vadsaggards LCC and the upper control
limit).
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Databases
A C F R H
High annual cost | Measure Calculable
High ac- | Quality deficiency at (are there any carried cost
quisition acquisition with excess amounts?) out too High (Yes/No)
No. price deduction | measure yes no early LCC
1 2 3 4 5 6 7 8 9
1 X X Yes
2 X X Yes
3 X X Yes
4 X X Yes
5 X X X Yes
6 X X Yes

Table 5.3Combinations of deviations in separate databdsgsridicate undesirable cost in-
creases caused by road managers

For each component type, all component occurreincie databases according to Table 5.3
caused unnecessary costs in respect of road maragddatabaskl contains all deviations
from LCC calculated by year. The total LCC devinatrelative to the upper control limit for
LCC (quality deficiency cost) at the price levetsyailing in the acquisition year are allo-
cated to the earliest of the years that occur tatlaeseA, C, F or R.

Schematically, it can then be assumed that thetgwlficiency arose the year that a problem
was first identified and noted in a list. An iddietil quality deficiency of a component will
thus have the whole cost of the deficiency caledlat the price level of its year of acquisi-
tion but the cause dated the year the problem insisdentified (cause year). The quality
deficiency costs deriving from componentgiiseem to be the result of substandard produc-
tion while components in lists, F andR have if anything been caused by quality deficiesci
in the road manager’s decisions. Of course thesgliss need of complementing assessment
on differences in customer effects for every congmrtype analysed.

Using this principle, the quality deficiency cotsad management’s ineffectiveness) can be
handled automatically in the model. In the nexpstél deficiency costs are adjusted to the
price level in the analysis and totalled by commatrier their cause years. Ineffectiveness of
the road management with defined improvement guaisbe followed up. For example, the
goal might be to reduce ineffectiveness by 50% diveryears relative to the quality defi-
ciency cost in year before. With the help of a gualeficiency function a forecast can also
be made based on actual historical values.

5.8 The learning process

In the quality-related internal accounting, all gmments’ acquisition values are quality certi-
fied. This allows for example computerised comparssto be made of components of the
same quality. Quality has been established in otsgenow the acquisition value was deter-
mined and what condition requirements apply fordbeponent (socioeconomic or cus-
tomer-assessed). Another possible selection cameloe in respect of RDB factors in the
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“circumstance algorithm” that describes the factbet influence the deterioration of the
component.

The third possibility is to first define desiredatbnetworks using the selection that can be
made in the RDB system. One of the selections destpreviously can then be carried out
for the components in the selection (the compopeptlation).

Every road-user keeps an eye on his or her trategfmr costs along the route they use for
their transportation needs. When a road sectiamslition and standard are unsatisfactory,
they therefore find it unacceptable for the roachagger to claim that “the state-administered
roads are nonetheless good on average”. Road+usdues comparisons and refuse to accept
that other road-users are able to drive and carryheir transportation on higher quality
roads in other parts of the country.

Inexplicable, unjustified differences in conditiand standard in the road network have a dis-
turbing effect on road users and can also incréeesask of traffic accidents. Since every
road has its own customer-related quality valuasitiust be fulfilled, from the customer’s
point of view it is essential to detect any defids on every single section early and carry
out the best possible road management there.

Continuous process control based on the qualiptedlaccounting has as its starting point the
overall objectives of the transport policy on tlasils of “best available knowledge” of tech-
nology/engineering, customer demands and econatstianships. The monitoring of devia-
tions in the control of the processes is systenaatitcarried on persistently against the effi-
ciency objective in the transport policy. This sesuuniform road management around the
country against the condition limits in respecttbe economically optimal condition for so-
ciety” and the “worst acceptable” condition for deasers and society.

Structured follow-ups, checks and analyses withitndng of component occurrences’ de-
viations in quality, value, and the developmentadts and/or value, will contribute to result-
focused control. The TAM concept aims to inducere® and knowledge that can prevent
inefficiencies. In processes, the aim is thereforavoid deviations from “healthy” values,
costs and key indicators.

The learning process is therefore a central elemehe TAM concept. The learning process
comprises fast detection, fast analysis and fasednination of knowledge in networks that
cover the whole organisation. It is a fundamentaiqgiple that failure will not need to be re-
peated anywhere in the country, while good exampleshe other hand, must be known and
able to be duplicated throughout the organisation.

For the road manager, early detection of a devialtows the necessary corrective measures
to be carried out in order to minimise the numifeoad users affected. Early detection of a
deficiency can also increase the road manager'silmbses, to force the suppliers to carry

out corrective measures under the terms of theangyrr This implies that the road manager
contracts a reasonable development of componemndityjwith the suppliers. A reasonable
level of quality can be defined by the control lisnihat apply. The result should be that the
contractors step up their quality assurance effortsin the long term improve substandard
component types.

100



This development is favoured by allowing productimethods and concepts to vary to a cer-
tain extent without customers having to experiegrodarrassing differences. Differences and
errors have on many occasions given new knowldaein turn has led to positive develop-
ment. In order to create good prerequisites foptiwtive development of road management,
it is therefore important to allow people to makistakes. On the other hand, they must not
be allowed to repeat mistakes. This is another itaporeason for identifying and analysing
unfortunate deviations and errors quickly. Inforimatabout errors should make it less likely
that they will be repeated in other parts of thgaoisation.

It is just as important to identify positive deviats and good examples so that they can be
analysed. Here, it is instead a matter of creginegequisites for the good examples to be
repeated throughout the organisation.

The quality-related accounting provides possiletitior early identification of deviating de-
velopment of a component’s function and qualityisidan often be seen through an abnormal
development of costs and/or value. The charaadtesasd critical values and/or costs should
therefore be identified for each sub-process, dineg can sometimes also function as indica-
tors of how well the process is running.

Computerised monitoring of deviations in criticalwes and costs in important sub-processes
in infrastructure management makes it possibledmtain central control over an extensive
organisation even if it is decentralised. Fast idfieation of “good and bad examples”, fast
analyses and fast dissemination of new knowledgeiworks also make is possible to pur-
sue a systematic improvement effort and effectxagring.

Prices, costs (annual consumption and LCC) andréifit non-conformities can be selected
per component type and contractor. With a dynangitogue about development, other ex-
perience and verifiable facts, the constructionugid/ should be able to improve its produc-
tivity development. Other fundamental ideas include

- early indication of good and poor developmemdsein components,

- fast corrective measures, preferably carriecbguhe contractor concerned,

- feedback to the contractor of knowledge of tfeediycle perspective in respect of previ-
ous deliveries,

- positive development of productivity can be stiated with bonuses, penalties and long
warranty periods.

The sub-processes’ critical measures are iden@etdiscussed in greater depth in Chapter 7
on road management’s sub-processes. Importantragegses in road management in this
respect are long-term planning, operational plagaind follow-ups, procurement, project
management and booking and reporting. In chapter &lso have discussed the use of these
indicators to verify that the sub-processes areundntrol. Anyway the most important for

our concept of an efficient transportation assatagament is to see to it that systematic
learning function in all sub-processes. Chaptee&siwith the important indicator “Mainte-
nance backlog”.
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6 MAINTENANCE BACKLOG

6.1 Background

In the 1950s road management focused on investmeetv roads and reinforcement and
surfacing of gravel roads. By today’s standards ttaffic effort was small and road-users’
moderate expectations concerned better alignmesdfey width and bearing capacity and a
bound wearing course on gravel roads. The focus@amiusers’ expectations were thus in
agreement. The maintenance problem on nationatnoadeased as the volume of paved
roads and the traffic effort increased. In the E)'&hgineers began to discuss in earnest the
problem of not being able to carry on road mainteeao keep pace with wear, degradation
and road-users’ expectations.

In the mid-1970s, most of what is termed backldgrred to the volume of bituminous
pavement in the form of a “second dressing” thawoiscarried out in time on newly opened
investment or improvement objects. Traffic waswa#d in such cases to wear down the “first
dressing” for too long. The information about “m&imance backlog” was largely well-
defined, intelligible and verifiable relative ta@gulatory framework for when a pavement’s
“second dressing” should be carried out. Most efritads constructed in the 1950s and the
roads that have been gradually improved (hereregfdo as “unconstructed” roads) with
bound wearing courses were not designed to copeanntarkedly increased traffic load.
However, the traffic effort and the need for mamatece continued to increase in a way that
came to concern more and more kinds of componewtsreasures.

It is often profitable to rectify a deficiency at early stage and as a preventive measure, but
many kinds of deficiencies can only be detectetydgrtrained road engineers. One of the
difficulties is gaining understanding for the needl arranging funding to carry out the
measure. Politicians who do not see a problem airgreatly inclined to prioritise

unintelligible needs for measures over the obviweeds of for example healthcare, education
and care services. Preventive measures on roagereved as long-term needs while needs
in care services are acute and short-term. Them@athger's communication about
maintenance and funding needs is to a large eatergdibility problem.

The road manager’s assessment of maintenance oeedihe years varies in quality but the
gualified road engineers’ assessment should largdlgct real needs. It might, however,
seem to be an unsatisfactory state of affairsitlimimpossible to check the assessments
made in the road manager’s request for furtherddodroad maintenance. In the National
Road Administration’s appropriation request fronY 28, we can read the following about
the accumulated maintenance needs:

“On state-administered roads there is an accumutaded for maintenance amounting
to approx. 2,000 million SEK at the estimated degel for 1978.”

“The normal appropriations should be sufficientrtaintain the level of service and
sufficient to maintain the valuable social capitedt the roads constitute. There is to be
no destruction of capital.”

In the appropriation request from 1979/80 we caulre
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“on state-administered roads there is an accuedila¢ed for maintenance in the form
of deformation damage and neglected ditching amogind approx. 1,500 million SEK
at the 1980 cost level.”

The 1983/84 appropriation request states that:

“the backlog of road maintenance measures thatatdre carried out due to shortage
of funds, amounts to considerable sums in the ehstate-administered roads.”

In the appropriation request for 1991 we can read:

“At the end of 1988 the backlog of pavement maiateee amounted to no less than
3,800 million SEK. The total backlog of differemmiad maintenance measures amounts
to approx. 5,500 million SEK.

Together with the figures that have been presentegtent yearsand disregarding
variations in quality and vague definitions, theRSNs figures in respect of the maintenance
backlog (Mbl) have continued to increase. For thibe considered serious, however, Mbl
figures must be correctly valued and presentenbtfthere are other serious problems —
problems that might indicate that state-administecad management is being conducted
without satisfactory controls. Figure 6.1 is aemipt to visualise the Mbl information
provided by road engineers at different times \aithird-degree polynomial adjustment.

Maintenance backlog
(current prices)
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g 15 000 +————y=54977x" - 32820x" + TE+07x - 4E+10
= R®= 10,9280
£ 10000
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Figure 6.1 Development of the “maintenance backlog” basethformation from the SNRA

This picture is supported by actual events. Dutirgglate 1980s and up to the latter half of
the 1990s, major reinforcement measures were dastie mainly on bridges but also on
stretches of road with reduced bearing capacitg. measures were carried out on roads
needed for heavy industrial transportation and iiended by a special bearing capacity
allowance. Following the reorganisation in 199&darctivity in road management increased
significantly until the latter half of the 1990shen increases in administrative costs gradually
undermined large portions of the increase in prodig. It seems reasonable to assume that
both the improvements in bearing capacity and tbdyxtivity increase in road management

! Source: SNRA (Gunnar Tunkrans, Jaro Potucek amétmual Report for 2005)
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may have reduced the Mbl as shown in Figure 6.&.9KHRA’s official forecast is that the
curve will flatten out after 2005 with the expectggpropriations,

The Mbl figures reflect insufficient funding of rdanaintenance over a long period of time.
In the road manager’s opinion, the reason for tieklog is that the appropriations have been
too small — an opinion that politicians want to peesented in a credible mann8uch a
presentation must show both that there is a road/okk of an unacceptable condition and
that the funds appropriated have been used eftdygtiv

The term Mbl has several messages. There is ofteidden” coupling to the question of
responsibility for road maintenance. The road managn “naturally” not take full
responsibility for the quality of the road netwavkh insufficient funding. The amount
allocated for the Mbl thus implies some degreaeédom from responsibility or provides a
“concrete measure” of how diffuse the issue of oesybility for road management is. As an
important player in community planning, the roadager sends a message to the public and
trade and industry that they must approach thditigans if they want better transport
conditions.

The Mbl concept itself also sends a message tlsés,dor example, can be expected to be
higher for maintenance and operation than woule lmeen the case if measures had been
able to be carried out at the “right” time. At theme time, society is reminded that its costs
have been “unnecessarily high” for transportatioa substandard network.

Other concepts and expressions used to descrisecamulated need for maintenance
include, for example, “maintenance debt”, “negldateaintenance”, “maintenance

mountain”, “overhaul need” and “service and repaied”, “improvement need”,

“maintenance deficiency” and “funding backlog”. @héc expressions such as “the
maintenance situation is like a ticking time-bonalpé& also heard. None of these have a clear
definition but all of them refer to the fact thaaimtenance measures have not been able to be
carried out in time and/or to a sufficient extent.

However, it is clear that an accumulated need f@ntenance has arisen and that the cost of
meeting these unavoidable maintenance needs cexpketed to be higher in the future. In a
worst case scenario, the “maintenance debt” wileh@ be paid by coming generations and
not by the generation that caused it. The messagesasy to understand and are used all over
the world without having uniform definition.

Literature studies show a picture of a global dvéitly problem in the physical infrastructures
sector. The politicians, who are responsible fokisig a balance between short and long-term
needs, act as if deficiencies in the infrastrucane exaggerated by road administrations. At
the very least they believe that the measuresarsaurgently needed and that the effects are
long-term.

Time in power is short and the responsibility fanding can therefore be laid on the next
period’s incumbents. It is more appealing to ptisei faster, tangible results. For tactical
reasons, road managers will sometimes adjust diesicriptions of deficiencies to what they
consider they can actually discuss with the pditis.

Another consequence of delayed measures is thdlt sinzost imperceptible cost increases
are gradually passed on to the users of the infretsire. This probably causes society’s total
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costs to exceed the “optimum” point — a point tioalay is extremely diffuse and therefore
cannot be discussed either. In summary, it is ¢regtrtraditional reporting does not provide
the necessary information for a meaningful disarsbietween road managers and owners
(decision-makers) when it comes to the road netiwdikancial needs. This is an important
reason why the graphic expression Mbl has come taskd. In order for the quantification to
be credible, however, Mbl needs to be able to biée® on the basis of a clear definition.

6.2 Definitions and estimation of maintenance badég

6.2.1  Mbl in the transport sector

Maintenance backlog (Mbl) and similar expressiamswsed within public administration in
discussions concerning the funding of maintenaneasures carried out on fixed assets.
Responsible officials approach the owner and reduesls for pressing maintenance. An
argumentation can sometimes be discerned in theite.

Below follow some definition$relating to maintenance backlog found in the ditere.

“Backlog is commonly defined as the estimated audated cost of improving the
condition of all roads in a road system to a defiaeceptable minimum level for the
function in question.®

“The nationwide study of funding backlog conducire@003 investigated the required
funding need over ten years to reach a definedifumal standard compared to the
expected funding. Funding backlog is defined adifference between the two levels
of funding.”

“Maintenance backlog in respect of a road featonestore the feature from its present
condition to a defined level such that the feafulis its intended function over a

normal life-cycle” >

There are also examples of key ratios or coeffisiémat describe the backlog.

“Backlog relative to need, where need is definedh basis of specified limit values
for service or condition.

» Coefficient defined as postponed maintenance egpdces SEK relative to the
replacement value (resource index for condition)

» Coefficient defined as deterioration or depreciatielative to the replacement
value (debt index)®

2 For lack of time the English definitions are triamsd back from a Swedish translated version.

% Transportation Research Board of the National Aczids, NCHRP (National Cooperative Highway Research
Program) Synthesis 330, Public Benefits of Highwggtem Preservation and Maintenance — A Synthésis o
Highway Practice, ISBN 0-309-07007-4, USA, WashimgtD.C., 2004

4 Main Roads (2003) Statewide Funding Backlog StiRBport on the Road Network, Report CR 6403-1, Road
Asset Management Branch, Department of Main Rdadsember 2003. Comment. This definition includes
funding needs for investment to maintain the roaftvork’s function.

® Hansen, Morten Wright, Stensvold Barre, Beregringedlikeholdsetterslep ror riksvegnettet, Vegiapi
Statens vegvesen, Oslo, 2003 (Calculation of maamtee backlog in the national road network, Roguitaia
National Road Administration, Oslo, 2003)
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In 2003, the Swedish National Road and TransposeReh Institute, VTI, was directed by
the Government to review the proposals put forvigrthe SNRA and Banverket (the
Swedish Rail Administration) concerning maintenaand operation strategies. The report
contains important comments regarding the expressimaintenance backlog” and its use.

“A process that in this way attempts to identifg thest use of a certain resource on the
basis of reasonability assessments and comprieegMer, leaves large gaps on other
respects. For example, is it not possible for a@enot directly concerned to determine
the magnitude of the so-called maintenance backtogrder to decide how much
resources “should” be allocated for road mainteaangelation to the allocation of
resources stated in the planning framework, mucterpcecise information than that
presented is required. After completing our revies,cannot, therefore, determine
whether the backlog is greater or less than the/SbIRims, or for that matter whether
any backlog actually exists.”

“The implication of the circumstances that haverbpeesented is that the backlog, that
is to say the volumes of measures that “in factulddoe required in order to ensure that
the standard of the road is of an acceptable stdnbdas been estimated on the basis of
extremely vague premises. Unless the independautirgser is given a clear, uniform
definition of what is meant by “fundamental stamtiat is therefore not possible to
understand from the report why there is claimeldg@ maintenance backlog.”

“We feel that both for pedagogical reasons anadasons of credibility that there is
cause to once and for all try to define “objectimeasures of what is to be considered a
good road standard or, conversely, the target lvehich a measure should be
initiated. Where resources are insufficient tosfgtinese targets without having to
accept a lower road standard before a measurerisccaut, this is to be considered a
backlog in the sense defined above. Such a clatific of definitions and measures
would make it possible to carry on a discussiomrgigg any insufficiencies in the
reasoning in the model and how non-model-calculaftatts should be taken into
consideration. It would also give us a clearer usta@ding of how the budgetary limits
affect both the need for measures and the backlog.”

In a draft from 2005 for a feasibility study of @&l Management System conducted by the
SNRA, we find the following view of “maintenancedidog”. ®

“A standard is often expressed as a set of linlitesfor a number of condition
variables. If these limit values are exceeded asoreashould be carried out. If the
measure is delayed a backlog arises against #nsl@td. The size of the backlog is
defined as the cost of optimum measures carriedmtite road components where the

® NCHRP Transportation Research Board of the Nakidnademies, NCHRP (National Cooperative Highway
Research Program) Report 551, Performance Meaande$argets for Transportation Asset ManagemeBiNIS
0-309-09847-5, USA, Washington, D.C., 2006

" Gudrun Oberg, Mats Wiklund, Jan-Eric Nilsson, Giaring av Vagverkets och Banverkets forslag tilitsi
och underhallsstrategier, VTI-rapport 492-2003 kijiping, augusti 2003 (Review of the National Road
Administration’s and National Rail Administrationsoposed operation and maintenance strategiesRéport
No. 492-2003, Linkdping, August 2003)

8 Jaro Potucek, Vagverket, Stev, Road ManagemeneBy&kMS) - En forstudie (Utkast), Borlange, 2005
(Road Management System (RMS) — A feasability s{algft), Borlange, 2005)
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limit values have been exceeded. If the measwariged out too early we get a
“superstandard” and an unnecessary cost.

The backlog at any given time is defined as thé @ball postponed maintenance
measures (measures that should have been cartiedanrding to the standard but that
are still waiting). It should be noted that a postgd measure can change the whole
action strategy. Instead of the postponed meaguray be better to wait a few years
and carry out a different, more far-reaching andemexpensive measure. The delay is a
measure of the “debt” to the road capital. Theyekaries with it higher annual costs
for maintenance and/or traffic costs and sometiates increased operating costs.

Following up or inventorying the actual conditiogeanst the target standard makes it
possible to point out sections of road that atvemyitime have exceeded limit values, i.e.
are showing a backlog. This makes it possiblestalie sections by condition variable,
total their length, area or traffic effort, soreth according to various criteria, draw them
on maps, etc. By applying optimum standard measandke road sections at known
unit prices, we can thus obtain an estimate ottt of the maintenance backlog.

As an economic measure, the delay can be summdaimée of road sections (length,
surface, traffic effort) should be summed, howewaeding together 5 km of country
lane that needs sealing costing 50 SEK/m and 5fkmotorway that needs to be rebuilt
at a cost of 10,000 SEK/m would lead to absurd lcsmns.

Maintenance delay is a simple, representative measuthe road network’s condition
(a better term could be found). However, in thepdified arrangement, we should
consider working with three parts:

- Delay with regard to technical condition

- Delay with regard to the functional conditionroinor roads (against the
fundamental standard)

- Delay with regard to the functional conditionrojor roads (against a standard
calculated as profitable).

,gAn appropriate division between minor and majodsaould be made at 2,000 AADT

A road'’s function and lack of function are expressi used in road management and also in
connection with maintenance backlog. Functionaiciiicies are often related to inadequate
trafficability, transport quality and safety. Thensequences of the deficiencies may be
reduced permitted weight resulting in more trafiowyer speed resulting in longer journey
times, lower comfort levels causing increased veeal tear both on people and vehicles,
higher fuel consumption and environmental loading more accidents that injure people and
animals and cause damage to freight and vehicles.

All of these lead to some kind of sacrifice andtcdbe road capital method categorises
functional deficiencies by the type of measure rédedf a deficiency can be restored to the
same standard by some form of maintenance measisreggarded as a condition deficiency.
Where a deficiency can be rectified by investmaet\( construction or improvement) that
raises the standard of the road, it is considardmbta standard deficiency.

° Average annual daily traffic (AADT)
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In cases where a section of road is open to trdféitit is not in fact designed to cope with, it
is very probable that severe damage will be catissdwill result in higher operation and
maintenance costs. For example, a “Load Classdd may consist of an unconstructed road
or a road previously constructed as a “Load Class Bven a “Load Class 3” road. This is
often expressed as the “Load Class 1” road havingtfonal deficiencies. In the model, this
type of functional deficiency is equated with cdiadi deficiency. In practice, this is handled
by maintenance of the road to the same standaaiding to the road-users’ expectations of a
functioning “Load Class 1” road. It does not inwlany improvement of the road to a higher
standard in its existing alignment. At the SNRA moyements are counted as investments.

If, on the other hand, a road is open as a “Loa$<P” road but industry needs a “Load
Class 1" road, the measure involves an increastamdard through an investment measure
(new construction or improvement). In this caseftmetional deficiency is a standard
deficiency, which is not included in the Mbl contépthe road capital model. Mbl concerns
only maintenance and condition deficiencies. What3NRA'’s document says about
function (technical condition and basic standapBears on the other hand to concern
standard deficiencies. The difference between atanand condition is not clear in the
SNRA'’s presentations and reports.

The SNRA’s document states that: “The delay cawmiigls it higher an annual cost for
maintenance and/or traffic costs and sometimeshadgeer operating costs.” In theory, it is
not difficult to see that both operation and maiatgce costs can be increased by a Mbl. This
is not however shown in the SNRA’s work. It is difflt to find concrete examples of cost
increases supported by the SNRA'’s current accounts.

Sometimes a decision is made to carry out mordidnagasures on a section of road or
perhaps no longer carry out general maintenange Bar economic reasons, maintenance
should naturally be limited on such a section. Wiienchange finally takes place, the
remaining disposals should be as small as possible.

The issue of financially sound relations or conable transactions between generations
sometimes comes up in the public debate. A geneaatiepted rule appears to be that each
generation must bear at least their own costignperspective, a maintenance backlog
suggests that a maintenance debt has been bwithigh has so far not been funded but will
be passed on to future generations. Issues of eadrdebt for the physical transport
infrastructure and the transportation which has theen, and is, made possible, however, can
hardly be considered in such a narrow perspective.

In Sweden the replacement value, for example,@gtitire existing state road network is
estimated to be close to 1,000 billion SEK. Appnaaiely two billion are loans with the
Swedish National Debt Office while the remaindes far a long time been funded by
appropriations, and depreciated and thus alreaidynpany years ago. According to the
SNRA, the maintenance backlog amounts to approeima0 billion SEK. The accuracy of
these figures is not certain and it will be congathéy higher when the TAM concept has been
implemented. It will also be meaningful to studg tieneration problem as regards the
transport infrastructure more closely. The genergpiroblem should, however, be considered
in a wider perspective.
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A financial settlement between generations mayei@mple, include difficult and probably
considerably larger cost items for accrued progparid also environment debt items.
However, these social issues of an almost philasaphature will not be further discussed

here.

Working documents in the SNRA’s implementation pod$ concerning condition-related
reporting of road capital contain the following suary of current concrete approaches for
assessing the maintenance backlog:

“The SNRA is now working on calculation of the mi@nance backlog as regards
paved roads as follows: There are three levelsapidard/condition value.

- Level 1: value as new, acquisition value, aepment value.

- Level 2: standard target value according &©N®VS (National Plan for the Road
Transport System), based on a politically decidst ceiling.

- Level 3: lowest acceptable standard basedad users’ perceptions.

In practice, costs are held below the ceiling adioy to the NVPS by the SNRA often
being assigned a lower budgetary limit in lettdragpropriation and its annual budget.
The maintenance backlog is now calculated as thesfuequired carrying out optimum
maintenance measures i.e. that give the lowestmaatgement cost in the long-term,
on sections below the target standard as regardtmm. We thus have both a business
economic and a socio-economic perspective.

The sections of the road network below the targgidard value as regards condition
are identified. The criteria are IRI value anddapth, surface standard, edge slump,
cross-fall (measurement) and surface run-off (Vigwspection). The calculations are
based on the IRI and rut depth values in someefifidasses, grouped by AADT and
posted speed. Road category or type is not corsld&he costs of measures have been
assigned standard costs. In practice, AADT + pospeed + IRI will give a cost in
SEK/n?. The calculations are made in an MS Excel sprestdty Stev®, who is/are

also responsible for compilations of the mainteeaneacklog.

Which measure is later carried out is identifieskessed and costed by the region’s
pavement strategists and pavement engineers.”

As a final comment on the road-related definitiahean be said that:

1)
2)
3)

4)

It is important that the concept of maintenabaeklog encompasses more types of
component than pavements.

It must be possible to identify the sectionsiponents that are considered to make up
the backlog.

Maintenance needs are about measures relatiedined and verifiable deficiencies in
condition and not in standard.

All components included in the calculation obMhould be able to be verified before
and after carrying out the measure.

10 An office in SNRA
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5) The road manager should also have an ideadgdrthportion of the backlog that may be
due to insufficient funding and inefficient road ma@ement (the road manager’s
improvement potential).

6.2.2 Mbl in other sectors

As is clear from Westerlund (2008), maintenancekloagis being discussed in many sectors.
One example is a discussion in Lind & Hellstrom@@Pon the subject of municipal
maintenance strategies and maintenance plans Vigtua on school buildings:

The report states, for example, that defining negiahce backlog is problematic considering
the fact that the value of the objects falls beeatimay be rational during certain periods to
let the values fall. Another definition that is @mdliscussion, is that maintenance backlog
occurs if we carry out so little maintenance tottat we will be forced to carry out so much
more in the future. It is emphasised, however, ithatdifficult to assess this in practice due
to uncertainty regarding future requirements argiscorhe report also discusses a more
multidimensional definition that states that a niiance backlog exists if;

* “The technical standard of most of the buildingkis in relation to newly
constructed buildings.

* Relatively large resources go to emergency maintma

» These emergency measures are such that they eaxpéeted to recur relatively

quickly.

* Most things indicate that the type of buildinggjiurestion will be needed for a long
time.

» Continuous replacement of actual buildings with i@@aduced ones would be very
expensive”

6.3 The maintenance backlog model in the quality-fated accounting

6.3.1 Introduction

The purpose of this section is to describe waydedihing Mbl, using the quality-related
accounting model as the starting point, on thesbafsiequirement stated in the transport
policy. A further aim is to identify the prereques for quantifying Mbl based on the best
available knowledge of roads’ deficiencies in cadiodi.

To be credible, Mbl and any quantifiable amounlstieg to Mbl must be able to be verified
for the entire road network’s components takinginegnents regarding socio-economically
efficient road management into consideration. firectically impossible to determine
condition relatively to a criterion for all the apgimately 1.5 million components uniformly
by hand in a short time. For quality reasons, tloeeg it must be possible to make a
computer-based calculation using systematicalllect#d data and quality-assured routines.

™ Anders Hellstrém, Hans Lind, Kommunala underhéitgsgier och underhallsplaner - med fokus p&
skolbyggnader (Utkast till slutversion), KTH, Jari2006 Municipal maintenance strategies and plaith a
focus on school buildings (Draft of final versioRoyal Institute of Technology (KTH), January 2006)
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Considering that Mbl will be linked to the road qooment’s real condition, the term is not
dependent on any boundaries being drawn betweeatapge maintenance and investment.
Mbl is based on perceptions of deficiencies indbedition of the existing components. It is
important that deficiencies in condition as presdnh the reference model are not confused
with deficiencies in standard. It is also importtrat a clear structure exists of components’
deficiencies and how they are established and galDendition must also be related to as
great an extent as possible to how it affects nsats and society.

In summary, it is clear that the need to commueigaterms of Mbl is largely a result of road
management’s current lack of an accounting metinodcast concepts suited to their purpose.
Condition, deficiencies in condition and, thus, Mtannot be determined from the accounts.
For the same reason, Mbl cannot be quantifiedringeof the cost of applying measures on
the basis of the information in the accounts.

An appropriate definition and a model that can $eduo calculate “maintenance backlog”
should allow largely automatic selection and caltiah. Accounting principles have become
more international and the same difficulties asrefore experienced around the world. The
expression “maintenance backlog” is discussednatéynally in a similar manner as in
Sweden.

The hypothesis is that it is possible to show hle&TAM concept’s accounting of quality-
related road capital as regards “impact for soaeiy road-users” can support:

a) an appropriate definition of “maintenance bagkl

b) a computerised, credible quantification of ‘ilmaintenance backlog” and

c) an assessment of the distribution of respdiitgibietween the road manager and the
politicians for the Mbl that arises.

6.3.2 The TAM concept’s Mbl model

The term Mbl comprises components in far too badralition in relation to the applicable
limit values. Figure 6.2 shows two such theoretiitait values for a component’s condition-
related value. One id/alue at worst acceptable conditioand the otherValue when it is
‘optimal’ to carry out a maintenance measuréhe limit values are results of socio-
economic assessments and road-users’ quality esgairts and expectations. The values are
expressed in the same measurement parametersehegesl when describing a component’s
condition and when calculating condition values.

Four periods P(1< n<4) are marked in the figure. Below these, the t@rdvalues are
lower than at least one of the theoretical lewslsch is a basic prerequisite for Mbl
occurring. The three primary questions that neduktdiscussed are: “What conditions apply
for Mbl to exist?” (Chapter 6.3.3), “How is Mbl tee calculated?” (Chapter 6.3.4) and “How
great a proportion of Mbl should be funded by th&d manager and the politicians,
respectively?” (Chapter 6.3.5).
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Figure 6.2 Sketch of periods when Mbl can occur.

6.3.3  What conditions must apply for Mbl to exist?

At points A and A, in periods Pand R the condition of the component can be unacceptable
(Figure 6.2). The condition deficiencies must bambiguously related to the factors
contained in the concept of Mbl. It is obvious ttie maintenance of a component with lower
condition values than “value when it is ‘optimad’ ¢arry out a maintenance measure” is in a
sense insufficient in the case of “Function typedimponents. Correspondingly, the
maintenance of “Function type 2” components withditon values lower than “value at
worst acceptable condition” is insufficient.

In this context, the limit values must have beeteaeined on the basis of “best available
knowledge” of socio-economic linkages and politsa society’s and road-users’
expectations. The limit values should not be adpisifter funding since such an adjustment
would make it difficult to steer measures towartiaining the objectives of the transport
policy. The size of the appropriations may be alted budgetary compromises taking little
account of the long-term transport policy.

There are very many examples in the road netwodoofponents whose condition is worse
than or equivalent to the “lowest acceptable”. Rtajly or functionally, the maintenance of
the component has been poor. However, not all isfgeatory conditions are necessarily the
result of a funding problem. There may be seveaibnal reasons for waiting before carrying
out a maintenance measure. Four common reasons are:

- Decisions to wait before carrying out a mainter@ameasure are sometimes made due
to lack of clarity in the planning for a particuksection of road. A decision may have
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been made regarding physical planning to carrnegténsive measures on the section in
guestion. Carrying out a maintenance measure wbeld be equivalent to “throwing
money down the drain”.

- A decision has been made for financial reasorm®tordinate and procure a
maintenance measure with other measures at adktier

- Prices in the construction market are temporaoityhigh. It would not be possible to
defend the prevailing price level for a maintenams&sure in a financial perspective,
so the measure is postponed.

- If the condition of a component deteriorates glyicit may unexpectedly fall below its
limit value. It may then be reasonable to make tiorenalysis, consideration and
planning of an effective maintenance measure.

Further, inventories compiled by several assessoreot be made “completely uniform”, so

it is sometimes not possible to claim that a lolegel when inventory is taken is

unavoidableA component whose condition value has passed aMahie cannot

automatically be counted as Mbl in this seriBeere are therefore several good reasons why a
shortest period P needs to be set, below whiclkdhdition value of a component has
exceeded its limit value, in order to be able tortméuded in a Mbl value.

When the result of a socio-economic analysis begtwgning higher net costs for society and
road-users than for rectifying a deficient conditia component’s “optimum condition value
for carrying out a maintenance measure” has, abéas stated before, been passed. For a
component or components concerned by socio-econaaitalations, how the individual
component’s limit value is to be determined musesiablished. It is probable that special
circumstances must exist, for example a sufficyegteat traffic flow, for the “optimum”

value to be returned in a socio-economic calculatgze further the discussion in Appendix
4.)

Thebound wearing courseomponent type probably has such a socio-econalgdarithm,
where an “optimum” limit value for maintenance maas is returned for roads with high
traffic flows. According to the objectives of thamsport policy it is important that limit
values steer the road manager’'s maintenance measuie socio-economic basis.
Considering the cost to individual road-users thredition may nonetheless be permitted to
be lower, but not lower than “worst acceptable”dition. In principle there are therefore two
types of limit value for the maintenance of compaseOne is based on socio-economic
calculations for transportation by road as a wlamié the other on the impact for the
individual road-user. One and the same type of @mapt can thus have different functional
and quality requirements depending on the typeadi{e.g. European highway or gravel
road) and location where the component occurscipies therefore need to be established
for what is to apply. The limit value can for exdmpe determined for each component on
the basis of prevailing circumstances with the suppf a special socio-economic algorithm
where traffic flow is one of the parameters.

Wear and degradation normally take place slowle filnancial consequences for road-users
and society of marginal differences in wear andd@wn are difficult to determine with any
accuracy. What cost differences arise, e.g. irct#se of a twelve-month postponement in
carrying out a measure on a “normal” road? The madager must have created a high
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degree of trust and confidence to be able to contatsfunding needs together with issues
concerning deficiencies, Mbl and impact on roadsised society. It is therefore important
for credibility reasons that all this informatioarcbe verified.

The conclusion is that the term Mbl should incladleeomponents whose condition has been
lower than the established limit value for that poment for a sufficiently long period of
time. By way of suggestion, “sufficiently long tifheould be a period of at least two years (
2 years). The limit value is in most cases a “warsteptable” condition based on “best
available knowledge” of road-users’ and societgguirements and expectations. In special
cases, there may be known linkages between a canpsrondition and impact on road-
users and society, and the limit value should foeeebe set as “optimum condition value for
carrying out a maintenance measure” in a socio@oincalculation. The maintenance
backlog (Mbl) will not then include maintenancealadd for “natural and/or rational reasons”
at the same time as all condition limit values tiete been exceeded are assessed according
to “best available knowledge” in respect of thegort policy’s objectives.

6.3.4 How is Mbl to be calculated?
General

It is clear that the size of the maintenance barlddo a large degree dependent both on the
limit values set for condition and on how effectiveoad maintenance appropriations have
been used. It is therefore important that the lwalues set for condition valuation are based
on requirements that can be proven to result floarttansport policy. It is also a reasonable
requirement that components’ poor condition hasteslifor a sufficiently long period of time
in order to be included in the Mbl group. Over ahdve this, the road manager should be
able to plausibly show that available funds havenbesed effectively and that the reason why
a maintenance measure has not been carried oualisassentials insufficient funding. It is
also useful if the road manager can describe fleetsfof Mbl on road-users and society.

In discussions with politicians about the costmgblging the measures and funding needs, the
road manager has an advantage in the form of kulgwland a certain amount of “private
information”. The road manager’s “private infornmati consists of facts about the road
transport system’s deficiencies in condition, staddand cost of applying measures, and
about the effects of the deficiencies for road-siseade and industry, and society. One
known phenomenoff is that the owner, in his capacity of financeryraaspect that the road
manager is using his advantage in the form of médron and knowledge to produce
descriptions that serve the road manager’'s owngsag A certain degree of distrust is
natural, healthy and perhaps even necessary itasidiscussions of budgetary needs.

The relationship between socio-economic cost peiclekilometre and the component’s
condition value is shown in the two groups in Feg6r3 for occurrences of “Function type 1”
components (with a limit value set “around the fioptm’ maintenance time”) and “Function
type 2” components (with “worst acceptable” corati)i as limit value.

2 paul Milgrom, John Roberts, Economics, Organizaéind Management, ISBN 0-13-223967-1, Prentice, Hall
New Jersey, 1992
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Figure 6.30utline sketch of “maintenance backlog” for comeot's different function types

The questionMow is Mbl to be calculatedZhould be answered on the basis of the
definition of Mbl that applies and in respect of iksues that Mbl is intended to elucidate.
Components whose condition is too bad and thahaheded in the Mbl must be restored to
an acceptable condition by means of maintenanceumes In practice, a poor condition
should almost always be restored to “as constriittedause the fixed costs represent a
relatively high proportion of the total cost of timaintenance measure. From the point of
view of liquidity, expenditure for this type of nmi&nance measure should therefore be able
to be fully funded. Increased expenditure relatovéhe component type’s “normal” standard
cost of applying the measure may also occur inccagere condition is significantly below
the limit value for “worst acceptable condition’oiithese known cases and component types,
a list of standard costs with a factor greater thamust be drawn up.

Insufficient funding leads to increasing deteriamatof components’ condition. The
consequences may be serious to either a gredissar degree. In practice, what happens is
that road managers, in their eagerness to incteassumber of satisfied customers in the
short term, due to lack of capital choose to insegle volume of “cheagd hocsolutions”.
Well aware that this is highly inappropriate, theticuse is often that “it costs money to be
poor”. It has also been proven scientifically ttied total maintenance cost is higher véth

hoc solutions than with planned preventive measurasri& Koechling, 2004 and Peter
Ekdahl, 2001).

Another consequence of insufficient funding of roa@intenance is that costs are rolled over
onto road-users and other sectors of society. Wibeth maintenance is reduced on such types
of components as road structure, surface run-atfgbs and wearing course, road-users' and
society’s costs increase. The ratio can often bsiderable, so that one SEK saved on road
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maintenance might for example be equivalent tanarease in cost of two SEK for road-users
and society.

In the TAM concept limit values are systematicalhalysed and assessed in a socio-
economic perspective per type of component, typesanl and circumstances as regards
effects for society, road-users, road managemadtydnat is politically defensible. It has also
been established that without a uniform, systenaatat verifiable review, it will be difficult

to attain any credibility for the road manager'sdtetical assessment of limit values for Mbl.
As experience of the consequences of these estrf@gdémum” values, costs and intervals
grows, the need might therefore arise to adjusirtfeemation in the model at a later date.

Mbl can be expressed as different values. It caselea as

[) The total expenditure for restoring all the Mbhgoonents’ unsatisfactory
condition to “as constructed” effectively.

The expenditure can also be seen as

[I) The result of, for example, planning of measuvhere the expenditures arise as
result of the maintenance measures. A planningestyanight for example be to
improve the condition values for the “unhealthyfrgmonents so that the mean of
their condition values is equal to the correspogdirean for the “healthy”
components.

Mbl can also be seen as
[II) An annual cost and average increase in apprapr&aand/or detached volume of
production, so that the Mbl components can alsmaimtained in the same way as
the “healthy” components.
On the other hand, in none of alternatii®i$ does Mbl contain any costs for retroactive
recovery or compensation for losses incurred byespand road-users as a result of earlier
poor maintenance.

General information about calculating Mbl

The questionMow is Mbl to be calculated?s answered on the basis of the quality-related
values a, b, c and d in Figure 6.4 taking fundind sesponsibility issues into consideration.
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Figure 6.4 Sketch of indicators / values a, b, ¢ and d cateadl by computer

Valuesa, b, c andd are assigned the following content and definitions

- ais a“Function type 2” component’s current coraiitvalue less its value at “worst
acceptable condition'témaining utilisation.

- bis a*“Function type 1” component’s current coratitvalue less its “optimum” value
for carrying out a maintenance measugm@ining utilisation.

- cis acomponent’s current condition value lessdgacement valye.e. the value of
the condition deficiency (fullgonsumep

- dis acomponent’s current condition value less teamvalue of the condition values
for all occurrences of the component type in “thalthy core” ¢eviation from “the
healthy core’s” mean valyeThe component type’s “healthy core” does nolide
components that have been added or removed ovge#tieor where the components
have condition value a0 or b < 0, since they are then assumed to beielefiin
guality or ineffectively managed.

When quality-related accounting has been introdusedly opened road projects will
gradually provide information based on real primgsall the project’s components. The new
components thus begin to deliver condition and datd based on real prices. All four values
a, b, c and d will be calculated continuously bgnpater for each occurrence of the
component. A period length P is established byrtgshe value in the E listsme counter

for potential Mbl components.
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The mean condition value and mean annual costadecalated for each component type’s
“healthy core” of component occurrences. Substhqtiality deficiency costs in the case of
annual costs are component occurrences with arabnast that, for example, exceeds the
upper control limit (UCL) set for each componermidymay sometimes be able to be
determined by means of an algorithm for influendicfors). UCL is sometimes expresses as
the mean valugj plus a multiple L of the standard deviatief), UCL = + L * ¢ according

to Chapter 5 on Quality control and learning in ¢betrol of the process.

At time A, (see figure 6.5), the component’s condition vasuewer than “the 'optimum’
value”, Iy < 0 (for "Function type 1” components) but greatean a > 0 (“Function type 2”
components). The component’s corresponding comditadue during period RA,) is worse
than or equal to the established limit value “wasteptable” condition value,(ga 0 and i <
0).

Value 4 Standard target value (not
Cuyrent applicable when Mbl)
prices Replacement

value

Mean valuet
a®

.
Wondition value

Acquisition
value

Value at lowest accep-
table condition

Conceivable indicators /
values of Mbl at time A,

>
1 Mean condition value for componentoccurrences ] P4 Year

in the "healthy core” of the componenttype A4 | Period P,and time
A,when Mbl exist

Figure 6.5Conceivable indicators of values for describingl lslitime A,.

According to the reasoning above, Mbl can onlyeavidien the condition value has been
below either the “optimum’ value for carrying oatmaintenance measure” (b < 0) for
“Function type 1” components or lower than or edoahe “worst acceptable” condition
value (a< 0) for “Function type 2” components for a sufficily long time. Using general
aids it is a simple matter to seek the componéwiisreet the requirements regarding
guantities a and b on a large scale.

To summarise, the value combinations of a and tabeur are listed in Table 6.1 where 1 (=
true or possible case) and 0 (= false or impossiate).
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Possible magnitudes

(ab)
Compare Figure 6 a>0 | a>0 | a<0 | a<0
b>0 | b<0 | b>0 | b<0O
Condition value of "Function type 1” component 11 0 1

Possible magnitudes of
Compare Figure 6 a>0 a<0

Condition value of "Function type 2" component 1 1

Table 6.1Possible combinations of values of a and b, watlicised 1for Mbl.

To fulfil the condition that applies for Mbl, a cpmnent’s condition value must either be
lower than the “optimum” value (function type 1)lower than the “worst acceptable” value
(function type 2). These values must also havegiedsfor a sufficiently long period of time.
According to the definition, Mbl can theoreticafimly come into question for "Function type
1” components when b < 0 has persisted for peris®eRy. 2 years (irrespective of the value
of a) and for “Function type 2” components when @&has persisted for periodRe.g. 2
years.

In Appendix 6 some more details on how to calculdléin the alternatives I-Ill is presented.

6.4 How much of the Mbl depends on low funding?

If the road manager for example claims that the Mid been caused by insufficient funding,
it should be able to be plausibly shown that

a) available funds have been used effectively,(d&mobt, the proportion that may have
been used ineffectively),

b) that the Mbl components has been on a ligeafs for action for a long time and
despite “great financial efforts” have not beenldeéh. The phrase “great financial
efforts” in this context means that there are rfeeopteasons besides insufficient
available funds why the measure has not been daotie

One might form the impression from the previoudises that the volume of Mbl that has
arisen has been caused by insufficient funding. #l@r, the entire responsibility for Mbl can
probably not be laid on the owners/politicians/fipars. In practice, it might even very well
be so that the amounts approved are greater tegmtbuld have needed to be if road
management had been pursued more effectively.

Before the road manager can “submit an invoicah#&politicians, the effectiveness of the
maintenance should therefore be assessed. At tideast, the road manager should expect
politicians to need to be convinced that the maiatee activities are effective before a
supplementary invoice can be accepted. With thé noanager’s point of departure in the
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transport policy, the effectiveness requiremenigctviis a function of “value and utility” and
“productivity”, applies. The road manager has tfeeprobably tried to assess the “utility”
of maintenance measures. These assessments, hpareveot made in a systematic and
structured manner are therefore difficult to vetdyay.

In the TAM model, the limit values for conditionebeen set for both “when it is optimum
to carry out the maintenance measure” and “worstatable” condition. This ensures that the
socio-economic assessments in respect of maintemmaeasures can be made uniformly
according to the “best available knowledge” in Wiele country. The endeavour to carry on
effective maintenance activities can thus focupmauctivity and quality. Every product and
service is to be produced in a cost-effective maniMhen this is checked, by computer, any
non-conforming results (both successful and lessessful) are documented in order to be
able to be analysed and if necessary rectifiedalsatto be able to be used in learning and the
development of the processes. Some types of faikmbkures should be able to be influenced
and are regarded as inefficient road managemertr@dd manager’s learning process must
ensure that such failures are not repeated anyvitiéine country. It is important that this

type of failed measure can be identified by medrmssamputerised system.

6.5 Effects of Mbl

It would be of value to the debate about Mbl if mbght were shed on how insufficient
funding can lead to costs being rolled over ontwirasers in a way that affects both private
motorists and trade and industry. Society is atterged when the total cost to Sweden Ltd
increases. A cost increase in regional areas thdtrancially weak is particularly onerous. A
systematic effort according to the TAM concept vebul all likelihood lead to an overall
more effective distribution of the costs betweeadroisers and society (including the road
manager).

There are a number of known correlations betweanition and effects in respect of
components and component types of function typehé.effects of Mbl for road-users and
society can therefore partly be assessed on the dfdbest available knowledge” of
condition — effect relationships. The consequeragsbe categorised in three main groups.

In group 1, representing “Function type 1" compdsethe effects for both road-users and
society will largely be able to be described irafigial terms. For both group two and group
three, the consequences for society will parthable to be elucidated in financial terms. On
the other hand, there is no directly indicatedriial consequence for road-users.

Group 2 contains those component types that angledwvith safety, laws and regulations.
Safety concerns both installations and traffic eiéws and regulations refer for example to
traffic control and order on the roads. The intehfienction must be maintained by a
satisfactory margin for these component types.tfilnd group consists of the remaining
component types that are important as regards iexper aspects, such as comfort and
aesthetics.

For groups two and three it would be possible &cdbe the consequences for road-users and
society in financial terms in an appropriate marimeapplying a new type of funding. For
example, charges that reflect road-users’ willirsgni® pay in a road pricing system might
contain undertakings, fines and/or discounts fadrosers linked to components’ condition.
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Another form of inefficiency is when learning istreystematically secured through
benchmarking, benchlearning or other similar preegsn an organisation. The learning
process involves detecting, analysing and disseimgaxperience gained from good and bad
examples both inside and outside the organisaifiba.differences in for example the
organisation’s own operations must be analysedhemasis of identified best practice and
improvement goals must be defined so that the aserén efficiency will advance the
organisation to at least that level. In this resjtds important to follow up the progress of the
improvement effort, set new goals, etc continuaubhe TAM concept provides an excellent
foundation for this type of activity with a focus component types and single component
occurrences. Costs, life cycle costs and effeatsdoiety and road-users can be elucidated on
the basis of “best available knowledge”.

It might be a little safer and sometimes more slating to identify regional best practice in

the TAM concept. It is important, therefore, tha information in the TAM concept is
accessible and easily identifiable so that theybmanalysed and goals defined for the
improvement effort. Product and process developroantbe followed up continuously and
verified. It should be noted that the informatibatithe TAM concept can provide in the form
of proportions of resource types is a significddtia the analyses. The data was produced per
component type when the component-adapted indéessand control limits were defined.

The knowledge is maintained by means of regulack$iand revisions and can be used when
defining improvement goals.

When differences between the results of the orgéiniss own operations and best practice
are to be analysed, it can first be determined kndrehe difference can be explained by
differences in acquisition price, condition devetamt or, for example, upkeep. The
proportions of resource types and tolerance racgeshen be analysed. It is important to
emphasise that proper use of the TAM concept altbigocus of the improvement effort to
be placed on essentials and the substantial patémthe road management process.

6.6 Mbl in Norway

In Norway**much the same method is used to determine Mblrsrtly in Sweden. At
regular intervals or once a year, the backlog isutated using standardised formulae at
macro level on the basis of assessed mean valudgferent types of road. In the same way
as in Sweden, this method does not permit anyssinglividual road to be identified that is in
itself in agreement with the standards and thatmctated together with other individuals
would give the total value of Mbl.

The value calculated in that way cannot be verifigtlat a sufficiently high accumulated
value might well be a good indication of the sitoilat One weakness is that it is easy to adjust
standard values with arguments that are difficuliefute. An insignificant adjustment of the
standard values may often have a substantial inguattie Mbl data. The insignificant
adjustment may also be difficult to verify sinced@nnot be identified physically.

13 Hansen, Morten Wright, Stensvold Barre, Beregringedlikeholdsetterslep for riksvegnettet, Vegkalpi
Statens vegvesen, Oslo, 2003 (Calculation of reaartace backlog in the national road network, Ragpaital,
National Road Administration, Oslo, 2003)
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6.7 Conclusions

One objective of the TAM concept is to enable infation about components’ costs, values
and changes in value and about good and bad exsnii and effects to be obtained in a
flexible manner. Information about Mbl, for examptan be obtained using computer
software per component occurrence, road, typeasf,roontractor responsible for the basic
package, operating manager area, municipality, typuoad management region and for the
whole country. According to the principles, theodirmhation is based on actual costs and
expenditure and on “best available knowledge” dicilencies, socio-economic effects and
customers’ expectations.

It has been shown that the component occurrencisied in the Mbl can be identified in the
TAM concept and the quality-related accounting. énqliture for restoring Mbl and the long-
term annual cost of maintaining restored componestsbe calculated automatically in the
concept. Ineffective road maintenance and the totafovement potential relative to best
practice can also be assessed using the softwaedgumnding needs that the road manager
puts before the politicians can thus be qualifigith whe funding that the road manager
himself should be able to create through efficiemmasures. The sub-process concerned can
also be identified in respect of principal causkeguality deficiencies (ineffectiveness) and

the magnitude of the costs involved in rectifyihg tleficiencies assessed per component
type. The components concerned can be pinpointécuaalysed.

Organisations that are carried on with “learningan active quality effort must identify and
analyse both poor and successful products contsiyoldentification itself is a prerequisite
for enabling a “functioning learning process uncentrolled conditions”. The follow-up is
another prerequisite. In order to stimulate crégtim autonomous development processes it
is necessary to have functioning reward systemskaad descriptions of organisations’
problems, weaknesses, opportunities and improvegueais.
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7 ROAD MANAGEMENT’'S SUB-PROCESSES

7.1 Introduction

The State has extensive responsibility for fundihgublic interests and competition for a
share of the national budget has become fiercejuiRmments regarding results, result report-
ing, transparency and verification have increa$éé.road management process, and in par-
ticular the sub-process for drawing up long-terraragional plans, involves not only authori-
ties, municipalities, organisations and companigsabso individual citizens.

Efficiency, a holistic view and customer orientatio road management are demands that can
be derived from the objectives in the transporigyolThe demands have been the guiding
principles for road management and its improvenaéforts for a long time. Efficiency in-
cludes both customer utility and productivity. Guser-orientation, on the other hand, is

more a question of the road manager’s treatmeatistomers and their participation in proc-
esses. The guiding principles are in good accoti thie aims of Transportation Asset Man-
agement.

In order for the road management process to betalfle provided with information that ful-
fils the transport policy’s requirement as regasdsioeconomic effectiveness, qualified road
engineering, societal and economic competencies teei@teract and be taken into account.
To be useful, the information from these competfonust be quality-assured and appropri-
ate and satisfy purposes and needs in a numbwids bf operations. The quality-related
internal accounting summarises these competeritiest available knowledge” in financial
requirements and terms and is based on effectiseawording to the requirements stipulated
in the transport policy. The possibilities that &M concept offers in the different sub-
processes will be discussed here, but before maying few words about customer focus are
in place.

The road manager has interpreted the transpodypimean that measures carried out on
roads are to be prioritised first and foremoseEispect of measurable effects for road-users
and society and secondarily satisfy road-usersiknand unknown needs. In order to
achieve effective road management in socioecontemias, it is therefore important to have
knowledge of the connection between on the one haads’ physical function and on the
other measurable effects for road-users and sodiby SNRA'’s planners and economists are
considered in this respect to have “best availkbtevliedge” of socioeconomic calculations,
effect relationships and road-users’ preferencesther words what in practice should give
customer satisfaction.

In the accounts, a cost-based value appraisalde mfiroad components’ functional standard,
condition and deficiencies. The limit values asarelg what constitutes acceptable condition
are determined on the basis of known relationsbgt&een components’ condition and ef-
fects for society and road-users. When there atenown relationships, the interpretation of
road-users’ expectations can be a guiding fact@nadetermining the limit values. Informa-
tion about condition values, quality deviations,m@nance backlog, and other non-
conformities is based on socioeconomic effectivermesustomers’ expectations.

Five central sub-processes in road managemenbevilucidated in this chapter on the basis
of possibilities offered by a TAM concept with acoting of quality-related road capital.
These sub-processes are:
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- Long-term planning,

- Operational planning and follow-ups,
- Procurement,

- Project management of road projects
- Accounting and reporting.

All of the sub-processes are interlinked (see Kigul). Customer contact is especially em-
phasised in long-term planning while feedback nyaiakes place via the Accounting and
reporting sub-process. The time between initiat&acinconcerning a need to take action and
the final report is in most cases very long — ndiyrizetween ten and twenty years. But there
are also examples of considerably longer perioksrt€r periods than ten years are the ex-
ception. In the physical planning, customer contal¢s place regularly while the actual ef-
fects for road-users and society are determinezbhjract at the time of procurement and in
completed road projects.

Physical planning provides the quality-related amtimg with basic information. It is as-
sumed that the data is captured rationally usindemotechnology. Road management should
for example be able to copy technical solutions fiaae existed in the private sector since the
end of the 1980s. In interaction with road-useese and industry and society, the road man-
agement process must be steered and monitoredtsiv ¢ontributes effectively to “make

good journeys possiblé”
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Figure 7.1.Sub-processes in road management’s core operations

The purpose of this essay is to give some exangbleppropriate bases for road manage-
ment’s sub-processes taken from the quality-relatedunting and other positive aspects that
follow from the TAM concept.

1 Strategic plan for the SNRA 2005 — 2014, Draftisiea, version 0,7, Vagverket, 10 June 2004, Bajn
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7.2 Long-term planning

7.2.1 General

Planning is divided into one process for long-tglanning and one for short-term operational
planning and follow-ups. The prerequisites for kdagm planning with its associated finan-
cial planning framework are set by Parliament. fdmaining prerequisites for executing the
long-term plans and special assignments in the-$&on perspective are set by the Govern-
ment.

The long-term plan for the national road netwohe(National Plan for the Road Transport
System, NPVS) is proposed by the board of the SMRiAdecided by the Government while
the regional county-wise plans for the remaindehefroad network are fixed by the respec-
tive county administrative boards. Should a cowusninistrative board’s plan be appealed,
for example by the SNRA, the Government has thel §ay. Road management’s operational
plans and budgets are fixed by the board of the ANRNg-term plans and appropriations
are divided into operation, maintenance, investsjamt for example, sectoral tasks, but also
by the purpose of the measures, for example beadpgcity, road safety, regional develop-
ment, the environment, etc. The plans:

- cover a period of at least ten years (e.g. 200815Q

- are revised and renewed approximately every foarsye

- are drawn up in respect of the transport policyotiyes in volumes for which scope
exists within the fixed planning framework,

- are directed towards ranking urgent road measwyrastioeconomic effectiveness
(“utility per invested SEK” or net present valugioa within the planning framework,

- are based on more or less well underpinned knowledlgeeds, alternative measures,
prerequisites, cost of applying the measures dedtsf(the quality of the underlying
information varies from standard values in a cohdegwn up at an early stage, calcu-
lations from pre-studies, studies of roads, wotlesltles/construction documents to
contracted prices in ongoing projects).

7.2.2  Problem overview

To achieve an effective customer focus in road meameent it is important to have knowledge
of deficiencies that are of importance to the cweirs. It is therefore necessary to systemati-
cally register all deficiencies in the road networkis is one of the TAM concept’s funda-
mental preconditions since deficiencies in theasifiructure burden road-users and/or society
with other costs or other sacrifices. For reasdresfwiency, deficiencies should be registered
in the RDB in an appropriate manner with importafdrmation and links to the roads in
guestion. As soon as a standard deficiency hasilleatified it must therefore be docu-
mented with proposed measures, the cost of theuresasstimated using standard values,
and the effects for road-users and society. Theshibuld be that if a deficiency has not been
registered according to a defined, quality-assprededure, it does not exist. It can therefore
not be taken into consideration in the planning.

It is not acceptable for details of a deficiencyekist only in the head of an administrator, on
a notepad or in a personal document in a computétreen be taken up in the planning proc-
ess with “oral arguments and persuasion”. Suchyaokgoing about things would then be
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the sole privilege of people in responsible posgior people who are close to those who are
performing the planning process. In order for isfracture planning to be part of societal
planning in an effective manner, transparency eled together with easily accessible infor-
mation of good quality.

Difficult, significant planning issues concern iteithat affect energy, the environment and
the climate. Regardless of whether people have beate aware of these influencing items,
they are nonetheless affected by planning decislartie assessment of the consequences for
the three items mentioned of investments in thegtfucture’s physical components, the
TAM concept’s correct quantification of actual cangption is very valuable. Consumption
can be considered at resource input level, whepa/latige of LCA exists, to assess environ-
mental impact, for example the effects of greenb@ases. With knowledge comes the pos-
sibility to consider consequences in decisions aptanning, key ratios, control limits and
other means of control, to prescribe alternativepction methods and materials and to direct
research and development resources in a sounderemaiccording to the “every little

helps” principle, substantial effects can be ackdeprovided that knowledge and good incen-
tives for sound choices exist.

Emissions from traffic are a global issue that negpolitical courage to address. Perhaps the
most important means of control today is carboxid®tax on vehicle fuels. The TAM con-
cept provides additional possibilities for susthieacontrol and monitoring. Internalised cost-
based road pricing would also allow the resultsmalepth LCA-focused resource input
analyses of all the component types in the infuastire to be taken into consideration. New
knowledge should also lead to limit values in resjpé condition that consider components’
environmental loading, for example in the form cfgnhouse gases. The SNRA, for exam-
ple, was the first government ageridp prohibit the use of freon-aerated insulatiorterials

in frost blankets — a small yet colossally impottinst step on the road towards a healthier
development of the industry. A strong environmentahmitment has existed since the mid-
1980s and this must be supported with good quiaéises for analyses in order to obtain in-
depth knowledge of LCA and continue the work actaydo the “every little helps” princi-

ple.

Generally speaking, there is a great need to ghtetal times in the planning process and
improve effectiveness, flexibility and transparenthe plans are accompanied by great ex-
pectations in all sectors of society that roads lvélimproved. All too often, though, the re-
sult is disappointment on the part of those wheehavolved themselves in the planning
when the measures that were planned do not mageridhe implementation of the plans
cannot be funded in competition with society’s otheeds and cost increases, and price de-
velopment often prove to be greater than the upadjastment of appropriations.

Process mode

In the letter of appropriation for 2002, the Swédisstitute for Transport and Communica-
tions Analysis (SIKA) was commissioned by the Goweent to investigate how the direction
of the planning could be approved in the next plraginound. SIKA'’s study discusses prob-
lems and different planning models.

2 In the environmental initiative from the end o&1/980s (reported in the SNRA'’s report no. SAS0A720268,
28 February 2007)

3 Strategic Infrastructure Planning — Short-term mmg-term prerequisites for development, SIKA Ra
2002:22, December 2002, Stockholm

126



The long-term planning has developed over a greatymgears. SIKA found that models
based on instrumental, technical or financial relity are used around the world. In Sweden
the planning process is sequential and it is asguha it will result in a plan that is socio-
economically effective (“optimised”) in respectthe applicable objectives in the transport

policy.

Over the past fifty years, changes to this forrplahning have been relatively small. In all
essentials they have been aimed at fine-tuningiteahrationality. A weakness in the techni-
cal rationality model that SIKA’s report takes upncerns the transformation from produced
orientation basis to a relevant political basisdecision. The present planning process based
on technical rationality is considered to be wemlkich can be explained by a lack of recep-
tiveness, early freezes in abstruse projectscditftheoretical calculations and lack of trans-
parency. The difficulty in reconciling the politibapossible with the technically rational has
led to a debate about the planning philosophy éednative planning models, often with a
market-like content. The latter models have comiaiiie or strategic rationality and give a
communicative planning process.

It has proved to be easy to achieve ineffectiveoadiy consciously underestimating costs
and overestimating utility or vice versa. Stronghg groups and/or involvement on the part
of society and trade and industry can result iaritially ineffective plans where less profit-
able projects are prioritised over more profitadres.

SIKA wants to see a wider (even cross-border) sygterspective in the planniffigRoad and
rail traffic are components in a total transporgteyn in Sweden and also internationally.
However, measures other than physical investmarttsei system can contribute to satisfy
society’s needs with greater socioeconomic effecss. SIKA also points out the need for
better interaction between planning of the transipdrastructure with other physical planning
in society. It is also emphasised that system aealyequire good analysis tools, bases for
calculations, and forecasts, for example of econarowth, climate policy and fuel prices.

When the 1994 — 2003 planning process had beenudat; the SNRA commissioned an
evaluation from Sinova AB as to how the planninggaiss had been perceived by the players
involved and how the process had functiondd many places in the report, the assessment is
that the SNRA is a professional organisation aedy#neral conclusion is that:

“most players are fairly satisfied with the SNRAshaviour. They feel that improve-
ments have been made, mainly as regards:

» Descriptions of objectives, the nationwide approaicd holistic view, alternative
focuses, and the route philosophy.

* Greater commitment and openness on the part GNieA.

* A shift of interest from roads to people and raah$port systems.

» Documentation, underlying material and readabdityhe final documents.

« EIA®—butonly as a first step in the right direction.

4 SIKA'’s report to the Government about the longvtestrategic planning of infrastructure investmentthe
2010 — 2019 period, 27 June 2007, Stockholm

® Evaluation of the road management planning prot884 — 2003, Final report submitted to the SNRiAp@a
AB, Per Arvidsson, Bjorn Eriksson, 14 October 199thckholm

 Environmental Impact Assessment, EIA
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External players in the process had seen the SN&#deavour to adopt a holistic view, cus-
tomer focus and openness. There were, howevernaerof negative comments and prob-
lems and these are taken up in the following sestio

Planning prerequisites, information about standard, condition and effects

This point concerns expressing all information atiba road network in respect of standard,
condition, deficiencies, measures and effectsdlear manner and making it more accessible.
The following problems were taken up:

» There was no methodical survey of needs underginthi@ planning.

» The municipalities want to be involved in the presat an earlier stage.

 The SNRA'’s people had an advantage as regards kdgeland information.

» The underlying material and information was prodidete and the time for proc-
essing was limited.

» The planning process was long and contained veagneive documentation.

* The plans were perceived as finished, the listopéats overfull and receptiveness
inadequate.

» The planning process was perceived as difficutiverview with incomprehensible
prioritisations.

» Obijectivity in the way issues were handled was tjoesd.

Planning issues concerning fairness between generations and regions

In economic research, the issue of fairness betgerarations (and geographical areas) often
arises. Has every generation borne its own costsvéat are the effects for different geo-
graphical areas? In Japan, researchers have ditemti@n to these issues, in particular in
respect of the transport infrastruct{r@he issues should be considered in the long-term
planning.

Future generations may find it more difficult thaxay’s to bear the financial burdens that
continued development of prosperity requires. thesefore unacceptable to put further fi-
nancial burdens on coming generations uncheckealloftg-term planning should therefore
include ensuring that every generation bears at lesaown costs.

The generation problem set is not paid sufficigtgrdion in today’s planning process. One of
the fundamental problems is that standard and tondieficiencies in infrastructure are not
reported in a clear manner. Other problems arevilaes and road management costs as they
are presently reported are misleading. In ordeptopensate to a certain degree for these
deficiencies in the official external accounting foad management, the road manager usu-
ally presents details of the “maintenance backlddyis corrective information and in particu-
lar the amounts that are stated are uncertaintardfore have low credibility in the eyes of
politicians.

A similar problem set is when investments are maderegion to stimulate development but
when much of the benefit is enjoyed by a neighlmmuregion. It may even very well be the

" These issues importance in Japanese researchaugsatear at SVF conference at Jonkoping, Swedéuin
tober 2004 with among others the researchers Kahay@dyoshi, Ejiri Ryo and Kitazume Keiichi from gan.
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case that most of the benefit is reaped by traderatustry in another region. The problem
here is how to distribute funding, costs and off@erifices fairly between the regions and
users concerned.

Low flexibility and effectiveness in the planning process

Stakeholders and players in the long-term planpiogess have expectations regarding the
outcome of the planning and opinions regardingdia&l management system as a whole. The
following problems can be mentioned:

* Municipalities’ need for road measures in the statministered road network was
not discussed in the process.

* Uncertainty about when road objects will be impleted impacts other municipal
planning negatively.

* In some cases, the effectiveness of the plannioggss and the entire road man-
agement system was perceived to be very low.

* The conflict between increased traffic and the emrmental objectives was not
dealt with satisfactorily.

The European Commission’s white book from 2001 withagenda for a common transport
policy by 2010 is to be updated for the next 10rymsiod. A communication from the
Commissiorf presents different strategies for the continuiisgussions leading up to the
next white book in 2010. It describes the greatartgnce of a functioning transport sector for
prosperity and the need for a clear, sustainalpig-term vision for the continued develop-
ment of the complex transport system. At the same, tthe document points out in several
places the political difficulties in handling theaessary development, for example:

“Transport policies have a very direct impact onges’ lives and tend to be highly
controversial: citizens should be given betteriimfation on the reasoning behind pol-
icy decisions and on the available alternativebefier understanding of the challenges
ahead is a precondition for public acceptance eftlutions.

Greater public involvement in transport planning ba ensured by recourse to partici-
patory instruments, namely open consultations,eyisnand stakeholders’ representation
in decision processes.”

“The transport system involves complex interactiamsng political, economic, social
and technical factors. The sector can only thifiyalicy makers are capable of provid-
ing sound planning, adequate funding and a praggriatory framework for market
operators.”

The need for effectiveness is emphasised sevarastin the document. The Commission
would like to see coordinated, cross-system, whifi@g-term sustainable planning with an
extra emphasis on reduced emissions of greenh@asss . gindividual parts of the network
must be fully integrated and interoperable. Thep alant to see correct pricing of all modes

8 A sustainable future for transport: Towards aegnated, technology-led and user friendly system,
KOM(2009) 279 Final, Communication from the Europ&ommission, (signed by) Jordi Ayet Puigarnau, 17
June 2009, Brussels
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and means of transport with internalised externatto make natural customer-driven effec-
tiveness in the transport system possible.

“Internalisation charges to complement revenues femergy taxation are likely to be
necessary in any event, since excise duties arediatives will presumably decline
with wider diffusion of vehicles running on altetive sources of energy.

The transport sector has to become increasingifisahcing also in relation to infra-
structure. ”

Cost development, price development and cost drivers

One special problem in the long-term planning iageess and gain control of the projects’
cost development. The problem proves to be underatstd when the plan is implemented.

Follow-ups of long-term plans

It has been established that following up the plaeeds to be performed better and that de-
viations that occur should be systematically aredyand discussed.

7.2.3 Commentson problemsin the long-term planning

The process model

The establishment of a TAM concept within the EUndamprove possibilities to harmonise
demands as regards the infrastructure’s standard@mdition and give the international con-
struction industry greater possibilities to compata larger, more uniform market. If there

for example need to be claim differences betweempoments’ conditions, the TAM concept
should have them very visible, so that values @aadsigned in a uniform cost-based manner.
Best Practice should be identified immediately #keit simple to implement international
benchmarking at component level also in an LCCpmartve.

With a constantly ongoing and flexible planninggess “similar to a building permit proce-
dure”, perhaps in tandem with a normal one, whgyepect’s funding is included as a factor
from the outset, unnecessary planning effort angiphl planning will be able to be avoided.
The calculable state funding should be a declai#ithgness to pay to attain particularly im-
portant effects for society. The subsidy’s propmrtof a project’s acquisition value can thus
vary between 0% and 100%. As the physical planpiogresses, the details of the standard
deficiencies are updated in the transparent actwurih the TAM concept the “best and
newest” data quality is therefore always availdableveryone.

Those projects that begin will very likely have wexd funding, which means that expecta-
tions will also be balanced. Financially, everyjpobis treated individually but will be as-
sessed with a holistic view of the transport syst8averal measures will therefore sometimes
need to be assessed in one context. Responsibilitiie quality of the project calculations
rests with the people running the project. It soahey who first and foremost bear the re-
sponsibility for financial deviations. A few yeaafter the project has opened for traffic an
actual cost calculation is made in respect of ffexts obtained. This calculation leads to a
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final settlement of the state’s funding. Repaynwdritnancial debts is made through a simple
efficient road pricing system.

This or an equivalent concept, which is supportethle quality-related accounting, leads to
considerably shorter lead times in the planning@ss. The efficiency, flexibility and trans-
parency of the process increase at the same tiparasipating players’ and other stake-
holders’ expectations become realistic. The inwestio hold back price and cost increases
for those who are to be responsible for the funaiiigbe based on sound principles.

There can hardly be any intrinsic political valagreventing an investment that has pre-
dominantly positive effects on environmental, irttias and societal development. An in-
vestment may for example have a distinct and pesédifect on the reduction of greenhouse
gases. The total net present value ratio may netfiecient for the project to be prioritised in
the plan. Or there may be political reasons forogegt being given lower priority in the plan
than it should have in theory.

With a reasonable proportion of state funding, paftthe local community and trade and
industry might in some cases be able to provided¢h®ining funding. The state funding
could be calculated equally in all projects in exgpof for example effects that are particu-
larly important to attain for society in generahéellocal community and/or trade and industry
would also be interested in obtaining further éffdoom an investment. There might be many
reasons for local co-financing. It might for exampke a matter of urgency to reroute traffic to
reduce disturbance or risks in densely populatedsaor make development of new areas of
land possible.

Inefficient plans can partly be counteracted byrigyesponsibility and the consequences of
incorrect calculations on the people in chargargilementing the project. The principle that
every project be treated individually from a finegoint of view would also mean that con-
scious or unconscious errors do not impact oth@epts. The Government is willing to pay
for specified effects and no others. When the dctost calculations are made, the final state
undertaking is fixed on the basis of the actuatonte in respect of the effects concerned.
Any occurrence of projects that are not implemeidiigel to incorrect or unfavourable calcula-
tions will still make the plan troublesomely inaffere. However, openness and transparency
in the TAM concept enable extensive external resiembe made of the information used in
the planning process.

The proposed continuous planning process incrdbeselsility and may possibly satisfy a
need for better interaction between the plannintpeftransport infrastructure with other
physical planning in society. New needs would hetntneed to wait for the next planning
round. They would be unaffected by freezes in tha pnd would not need to compete for
priority in the plan. Even if this were to succeeith today’s model, it may later be found that
insufficient funding nonetheless leads to unsudoésgeraction and coordination of soci-
ety’s investments.

Prerequisitesin the TAM concept
In the basis for decision, the TAM concept hasoiditiced a customer perspective also in ex-
isting actual relationships. All known functionafitiencies in standard and condition are

documented with cost-based value appraisals. \Ggpeaisals of road capital are based on
effectiveness demands and customer requirementainientation of deficiencies is a funda-
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mental precondition for it to be possible to systéoally implement customer-related im-
provement efforts effectively. The quality-relagetounting of road capital makes it possible
to select deficiencies described according to “beatlable knowledge” for any sections of
the road network and make general analyses of:

a) Cost-based standard target values, replacerakms, condition values, the remaining
consumption margin and differences between on leehand standard target values
and replacement values and on the other replacerakrds and condition values.

b) Data on expected consumption, maintenance taaement costs and accumulated life
cycle costs for every component in the entire saai@inistered road network or totalled
by component type.

c) Cost of applying measures for different kinfisieficiencies in standard and condition
per component type.

d) Effects for road-users and society and netgmegalue ratios for measures to rectify de-
ficiencies.

At the time of planning, the quality of informati@amout costs and effects of conceivable
measures varies. Data on traffic and traffic fl@as constitutes important information in the
socio-economic calculations. The TAM concept corgaill identified standard deficiencies,
systematically documented and linked to the roadioik with quality-certified information.

The status information indicates whether the figurave been assessed using standard values
or produced at one of the stages in the physiealrhg process. If the net present value ratio
is not sufficiently high for a measure to be enyifeinded by the state and included in the
ordinary plan, it should be easy to give a prelamnfigure of how much the state would con-
tribute through co-financing or a state subsidy.

The complete TAM concept should make it possiblméke a computerised review of all
standard deficiencies with their associated praposeasures in respect of financially as-
sessed effects for road-users and society cogttieity for the entire road network. The ob-
ject’s total cost-effectiveness can be shown tagetlith an estimated preliminary state sub-
sidy based on the effects taken into considerdtyothe state when deciding on funding. Cor-
respondingly, all components in the road netwosk there considered in the review to be-
long to theMaintenance backlog group can be listed and analysed. The TAM conaeypid
facilitate more flexible continuous planning.

With the full TAM concept, it would also be easiermake general analyses of goal attain-
ment with alternative approaches as regards messutt@n regions and nation-wide and
assess fairness between different regions. Theosi® maintenance backlog in different
regions can be clearly illustrated and taken ugp diiscussion of fairness between generations.
It is also possible in the long-term plan to setlgdor the internal improvement effort in re-
spect of expected reduction in quality deficienogts, increased productivity and efficiency,
and also follow up goal attainment by computer (Skapter 5).

One important aspect is that the information inTéVl concept is generally accessible, ena-
bling many of the analyses to be made at a celetral. This reduces the risk of manipulated,
misleading and tendentious information.

The full TAM concept strengthens the bases fortjgali monitoring and control. Control can

be exerted transparently through the standard ap@rby the politicians and “worst accept-
able” condition being allowed to form the foundatior the value appraisal. They would also
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be able to decide what differences between murlitgsmcan be accepted in comparable cir-
cumstances. It would be easy for the politician®liow up deviations against the stipulated
standard and limits for condition, efficiency anmdguctivity development, the volume of
“maintenance backlog”, price trends and, for examgile development of road manage-
ment’s cost drivers.

To summarise, it is clear that the eight problepmnts) under the planning prerequisites can
all be resolved with the TAM concept, since:

» All known deficiencies and needs for measures wstematically documented accord-
ing to “best available knowledge” and with roackhges in the road and traffic data
bank (RDB).

* Municipalities have continuous access to all doquiat#n relating to deficiencies ac-
cording to “best available knowledge” for controbmplementary additions, dialogue
and funding planning before beginning any process.

* The SNRA provides all the investigatory materialsdvery possible project and any
advantage as regards knowledge and informatioagstl a minimum.

* Information in the RDB is updated continuously wiliest available knowledge” and
kept easily accessible together with all the uryilegl material (e.g. initial information
about deficiencies, preliminary study, investigatiowork schedule).

» The planning process begins individually when tiigative is taken to carry out a
measure without waiting for an official commencettgne. The process is as long as
needed in order to secure funding and all legalirements in the physical planning.
Different activities in the physical planning camrin parallel provided that the appli-
cable legislation is adhered to.

» The list of objects in the plans can be continupaslded to with projects where state
funding is estimated to be equal for all projecithwan established willingness to pay
for effects that are particularly important for eatg (e.g. reduce emissions that affect
the climate). No sensitivity is needed but impletagon according to applicable legis-
lation in a process similar to a building permibgedure with a defined responsibility
also for funding (perhaps containing a simple rpading system).

» Prioritisations apply only to those projects that 800% state-funded because there
may, among other things, be capacity problemserotiganisation. The physical plan-
ning will probably also lead to a natural ordepabrity regulated by how complicated
the different steps are.

» The regulatory framework for how the state’s wiiress to pay is to be estimated must
be clear and to a large extent standardised itiarlto for example traffic, length of
road, speed, emissions, and safety on a well deépaet of the total transport system.
An investment in public transport should for exaenpé able to count in the effects of a
reduction in commuting by car. All projects aregasas possible calculated objectively
and verifiably using the same regulatory framework.

With an open presentation of "best available kndg## concerning deficiencies in the traffic

system, different stakeholders can plan for impdritaprovements. A simple example is
given in Appendix 7.
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Fairness between generations and regions

Using the quality-related accounting, funding pesb$ of the “maintenance backlog” kind
can be balanced and verified in detail by regioadrnetwork, component type, etc. The in-
formation can be verified and its plausibility assed in the external audit and presented in
notes in the balance sheet. Externally verifiedyaimresults regarding the road network’s
standard and standard deficiencies can also bemiszsin a note together with the effects
achieved for road-users and society from rectifydafjciencies.

With the examples of information given above artteopertinent details from the balance
sheet, the long-term planning can facilitate aredysf fairness between regions and genera-
tions. Algorithms for control limits, which can befined in the long-term plan, should natu-
rally also take this kind of fairness aspect intocunt.

In the quality-related accounting the value apjaias$ the road capital is cost-based and con-
dition-related. It contains correct information abopening and closing balances and actual
road management costs according to “best availatde/ledge”, for example for single

years, five- or ten-year periods.

Using the information in the quality-related acctwm a computerised forecast can be made
of when and how much funding will be needed forhee@mponent in the future. Among

other things, every component has information afiswurrent condition, consumption hori-
zon, historical actual annual consumption and cofstseasures. Totalled annual funding
needs, for example for the next ten-year period,beaselectively compiled, for example by
component type, road network and region. In additoothis it can then be added the funding
of “maintenance backlog”, retrieved from the systéonthe same selection of roads. For a
selected road, all known deficiencies in standaitt the assessed cost of rectifying measures
and the most important effects for road-users aadkt/ according to “best available knowl-
edge” can also be presented.

The control limits that can be defined in the ptancern components’ acquisition values,
standard values, condition values, annual cost§, £6sts and, for example, the total value of
component types’ maintenance backlog. Open, quadlgted accounting would make exter-
nal verification of the quality of both the infortr@n and road management more efficient,
since there are so many stakeholders in the transystem. Any unacceptable differences in
quality between regions and the transportationgopéisites of competing trades and indus-
tries would be easy to detect.

After the mid-1970s most investments have in plaaen ranked by descending socioeco-
nomic effectiveness (the first year’s return or pretsent value ratio). In addition to this,
county administrative boards, county councils, l@zahorities and other stakeholders have
stated what special investments they would likeet®. The road network’s standard, condi-
tion, deficiencies in standard and condition reiato requirements derived from the objec-
tives of the transport policy and the effects & tieficiencies for road-users and society can
be presented in maps and tables in the TAM conddyis. basic information according to
“best available knowledge” of road capital, defigiees and deficiencies’ effects should con-
stitute valuable basic information for planningaifairness perspective regardless of planning
model.
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During the planning process some regions and caashtyinistrative boards will usually
complain that the distribution of road appropriagias not in reasonable proportion to needs
and, for example, the region’s proportion of therdoy’s population, GDP or the region’s
other infrastructure construction. The TAM concgptality-related accounting) can in a
flexible way for example by geographical area, elndnges over time illustrate:

- the road capital’s replacement value, conditiom@&ahnd standard target value,

- the deficiency values in standard and condition,

- the maintenance backlog per component type,

- the effects for road users and society of suggestakures,

- the most likely needs of financing to keep all comgnts in “healthy core” condition,
- the road management ineffectiveness per causecmicictor.

The values of road capital and their developmentieaput in relation to other information
about traffic effort, speeds, etc. Underlying imh@tion for political decisions can thus illus-
trate the prevailing circumstances in a nuanced way

Flexibility and effectivenessin the planning process

It is hardly possible not to share the main thoighe opinions and needs expressed in both
Swedish and European ambitions. The planning psoeés however, take considerably
longer when all complex contexts, aspects, conaiters and respites are to be satisfied in a
practicable plan. Flexibility can be expected tbdaless nothing drastic is done about the
present order of things and funding. Longer leatk§ will at the same time make coordina-
tion with society’s and trade and industry’s othkmning difficult and probably also reduce
trade and industry’s interest in taking respongjbibr parts of the infrastructure’s funding.
Once again, it is clear that it is not viable tedlve a great number of players in the process
only to later experience the disappointment ofb@hg able to fund the plans. The European
Union’s view that the transport sector must gralguacome more “self-financing” can
hardly be ignored. This means at the same timethieate sponsibility issue needs to be re-
viewed.

In the TAM concept, the road manager provides guaksured, relevant and easily accessi-
ble road, traffic and effect data. Other investraentsociety should be able to be coordinated
with other measures in the physical transport stftecture in a natural way. Changes are con-
stantly taking place in society, for example a camplocating a certain facility in a certain
place — changes that should logically influencelsbaeed for standard and planning. The
quality-related accounting contributes to conseqasrof such action or an initiative under-
taken in society’s interest can better be analygétda system view before any decision is
made. Decisions can therefore be made with a giexsl of the effects on the transport sys-
tem. The forecasts of how traffic will develop upehich planning is based and the changes
in traffic flow(s) that measures will lead to, alsibect the consumption of road capital and
future funding needs for maintenance.

As mentioned before, planning should also incliaeftinding of infrastructure measures.
Their planning should be able to be done continlyouswhenever the need for infrastructure
measures is brought up by society or trade andstnguPlanning that includes funding re-
duces uncertainty as to when a measure can bedaut and should contribute to making
expectations realistic. Figure 7.2 is an outlinetsk of such a planning model.
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In the proposed model, the state’s financing fumctorks to an established, known regula-
tory framework for the state’s willingness to pay €ertain effects. On the basis of the as-
sessed effects of the measure, the total amowtatE funding can be calculated for the pro-
ject. As the project develops, formal requestssatemitted to the financing function on three
occasions. The function responds with conditiors farancial advance notifications. Once
the project has been opened to traffic and has inegperation for a while, a final settlement
is made of the state funding in respect of a nurobparameters that are important as regards
willingness to pay. The settlement is made withardgo the party that has driven the infra-
structure measure and that has pledged the requotiederal. Construction credits are con-
verted into loans that are paid back via a simpéal ipricing system where the terms and con-
ditions and repayment priorities follow pre-detemed rules.

After every phase of physical planning, a requestdtate building permission” is submitted
to the function. The function issues an advanc#ication and terms and conditions relating
to the building permission request, which togethigh the funding notification constitute
important input data for the next phase. A decisinrthe building permission question is
made when the work schedule is adopted.

State financing function
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Figure 7.2Interaction between physical planning and buildiegmission and financing
functions

The last two points (about effectiveness and tfa gonflict) are important but demanding.
Initially they may lead to a planning process ikatven more difficult to overview and has
considerably longer lead times. The TAM concepeisfa systematic, structured approach
that with knowledge of resource inputs and theapprtions allows LCA to be performed for
every component type. The knowledge gained of tatafgy and environmental aspects can
gradually be introduced into decisions on plans@petrative road management. Simple road
pricing systems can also be used for financiafitrabntrol. The effectiveness of the planning
process can increase as quality-assured, good &dge/land underlying information becomes
available at the very beginning of a measure’siptamprocess. It will also increase as the
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process can begin when a need arises and not yefaw later when a plan that is in effect is
beginning to become obsolete.

Other phenomena, adaptations and developmentsigtygonay require information about
deficiencies and risks in the transport infrastieet As was made clear above, society and
trade and industry need a flexible planning proc€ssarly expressed visions and objectives
are necessary starting points for such a soundbleprocess. At least in the short term, it
may be relevant to for example use the “state’ingihess to pay” technique to reduce certain
costs, for example in respect of transportatioricles, traffic accidents, emissions of green-
house gases, and regional imbalances.

There are several reasons why many people wholieereinvolved in the planning process
have with a feeling of disappointment found that ftans’ “promises” are either very delayed
or in many cases fail to materialise. For example:

- costincreases occur in ongoing projects or ne@sdhat start up,

- reprioritisations are made soon after the plaadiged, for example for reasons to do
with industry policy,

- complaints are made about projects with earlst-sia dates in the plan, leading to de-
lays and unfavourable adjustments to the plan,

- the wrong indexes have been used to calculatpribes of measures in the plan or the
appropriations that are needed to carry them out.

The complex system linkages that SIKA points outildaather seem to indicate that the
lives of the plans can be expected to be shortdttzat the need for flexibility will increase.
Proposals concerning coordinated planning betweemagencies and SIKA in a permanent
organisational form should mean all in all moreoééint planning with demands for greater
competence in the planning process.

Another conclusion might be to completely abandenunified planning ambition, since the
issues become so complex that it is pointless ¢n ¢y to achieve “lasting optimum solutions
for a complete system in a state of technologibahge”. Regardless of ambition and conclu-
sion, the need remains for society to provide doaslc information and data in respect of the
actual situation as regards transportation. Witlgmatd quality basic information, no effective
investment decisions can be made.

A socio-economically effective development of th@nming process would be to plan and
assess needs as they become apparent insteadiofviai the next planning round. In the
sketched alternative planning process, a reviewdvoe natural every time a project’s pre-
conditions change in any respect. The funding isspeesent at all times with fair co-
financing requirements.

The EU document declares both that new infrastradgiexpensive and “requires proper
management, maintenance, upgrading and repair'ttedhe transport infrastructure has
hitherto given Europe a competitive advantagehénface of stiffening international competi-
tion and tough financial budget scrutiny by thdestthe TAM concept’s customer-related
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arrangement of costs and effects can provide ardedisis for planning infrastructure man-
agement.

Price trends and cost drivers

For some component types the influence of resanpgs with substantial price increases is
substantial. The TAM concept continuously monitenisical resources’ price trends, the
component-specific construction indexes and roadagament’s cost drivers. The client,
who is the one who approves the long-term planyishdefine the control limits that will
apply during the planning period.

In the long-term planning process, any problematiex development would be able to be
shown quite clearly. Price development targetsamdrol limits should be able to be defined.
For the component types and resources that shogrélagest price increases and relative
price increases, strategies should be drawn ugxample in connection with operational
planning, to try to slow the trend. Resources aaagsigned to research and development of
products and work methods. Experiments and trafshe conducted to find alternative tech-
nical solutions. Different business-like strategias be worked out, for example new partners
or forms of contract.

Follow-ups of long-term plans

In the TAM concept the development of resourcegwriand the prices of component types
can be analysed in different ways (via officialénds and via actual price trends). Cost driv-
ers are such resource prices that to a particulgelst extent need to be monitored and fol-
lowed up. For the period up to the next plan, agilde, acceptable price trend can be speci-
fied with values for both “warning limits” and caat limits. Using the control limits that

have been set, both theoretical and actual precels can be monitored by computer and fol-
lowed up for component-specific construction piicgexes, specified critical resources, and
for cost drivers.

The projects should be documented in an appropmatener in the plan (see section 4 be-
low). It would then be possible to also follow updeanalyse any deviations that arise in the
long-term plan, and determine their causes, in eoton with regular operational follow-ups.
In this case, deviations are divided into caus@eddent on time, quantity, and unit price.
Control of how the long-term plan and the indiviltaad projects are implemented is impor-
tant for the continued planning of the funding.

Some examples of possible continuous follow-uptheflong-term plan that could be com-
puterised in the TAM concept:

- deviation against the plan’s estimated price tiggdresource input,

- deviation against the plan’s estimated price tqggdcomponent type,

- deviation against the plan’s estimated price tf@ndost drivers,

- projects’ cost deviations distributed by causesddpnt on time, quantity, and unit
price,

- deviation against the plan’s estimated reductiothef‘maintenance backlog”,

- deviation against the plan’s estimated productiwvitprovement,

- deviation against the plan’s estimated reductioguzlity deficiency costs,
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- deviation against the plan’s estimated improvenoétihe component types’ average
LCC,

- changes in the road capital’s condition valuesdifidrent types of standard deficien-
cies distributed by different road networks, typésoad, regions and, for example, mu-
nicipalities.

One of management’s most important management tssisactively drive the improvement
effort according to the ambitions in the transgomticy. An effective improvement effort re-
guires system and quantities for value, cost afetethat can be followed up. These precon-
ditions exist in the quality-related accountingeTdlanning process is already today resource-
and time-intensive and will become even more coimgmsive if more requirements are intro-
duced. There is therefore good reason to examimghehit is possible to tone it down to
perhaps only comprise the largest investments atwukfon investments that concern several
types of transportation and need to be coordintestwise.

It should be possible to express transport pokcpirements to a large extent in terms of
measurable key ratios and limit values for the noaitvork’s quality. Such quantities are
measured continuously in the quality-related actingrnn respect of the infrastructure’s
standard, standard deficiencies, condition and itonddeficiencies. It also includes informa-
tion about effects for road-users and society,utated for example for a rectified standard
deficiency. With efficient continuous follow-ups #levant key ratios the importance of the
planning process would be able to be toned dowleaat for minor measures.

It would be possible to monitor this type of ketioa and limit values determined in the
transport policy by means of the system. To achésvefficient a transport system as possi-
ble, the infrastructure manager’s responsibilityuldahen need to be supported with the au-
thority to review the operations for minor measygsd investments) within the limits of the
key ratios.

Today’s shared responsibility and weak monitoring #ollowing up is hardly a successful
concept. Clearer responsibility for the qualitytlod physical infrastructure, a new funding
concept and a more efficient planning process wgivd rational opportunities to monitor
quality development in a meaningful way. Following the responsibility for what actually
takes place in the road network would thus becomeenmportant in control and monitoring
than in planning.

7.3 Operational planning and follow-ups

73.1 Genera

Operational planning, budgeting and follow-upsiarportant elements of internal control.
The Swedish National Financial Management Authd@$V) describes internal contrbl
like this:

“Internal control comprises both financial contapld performance management. Inter-
nal control also comprises both administration+aee control instruments and instru-
ments for internal control. Examples of administnatoriented control instruments are

° National Financial Management Authority, http://wvesv.se/top/ordbok.4.381a53100506cbef9800045.html,
20 July 2007
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leadership, organisational culture, organisatistraicture, distribution of responsibility,
planning and follow-up dialogues and quality assoea Examples of instruments for
internal control are rules and procedures, e.dnaisgation rules.

Authorities’ internal control, in the same way #iscantrol, must be adapted to specific
situations in order to be successful. Adaptatiosptecific situations refers to adaptation
not only to the type of operations, the size ofdhganisation, and external factors, but
also how far development of the authority’s inté@ntrol has progressed.”

Operational planning is thus part of performanceagement and budgeting is part of finan-
cial control. According to ESV:

“Within the state, the concept of financial contnals been adapted to the state’s opera-
tions and activities. Since the objectives of tfagess operations and activities concern
both finances and outcome of the operations andtaes, the concept of economics
control has been defined to comprise both perfoomananagement and financial con-
trol.”

The relationships between performance managemerfiraancial control in economic gov-
ernance are shown in Figure #and are described by the Ministry of Finance asv:

“Economic governance in the State is based on od@ray political visions and objec-
tives. Given these visions and objectives, perfoceananagement means that the de-
cisions regarding objectives and focus for diff¢étgpes of operations should be based
on documented results and experience. The finapabnditions should be in balance
with the objectives and performance requiremertebéished for the authority. The
planning phase of economic governance, with detssim goals and frameworks,
therefore assumes a follow-up and evaluation phésee the total result is assessed,
i.e. both goal attainment in performance managemedtresource consumption in fi-
nancial control and the relationship between thEnms assessment constitutes a basis
for decisions concerning objectives, orientatiod eesources. Properly functioning, ef-
ficient government operations assume that finare@atrol and performance manage-
ment not only complement each other but also intexall. It also assumes that all
stages in the decision and implementation chai@ takponsibility for their part of the
process as regards clearly expressed aims andiga&land also in respect of good
quality bases for decision.”

“Performance management has a definite meaningnittile scope of economic gov-
ernance that means that the goals in the formtbbaties’ performance and/or effects
in society are linked to government resource irip@ greater or lesser degree.”

“The individual operations’ purpose, nature anccpralitions vary, however, and eco-
nomic governance must therefore be adapted toréiffeeeds. In other words, it must
be adapted to operations.”

“Economic governance has a central role in politiecision-making as regards finan-
cial and budgetary policy and in the day-to-day imiktration of government opera-
tions since it defines the framework for their sgoprientation and content, and re-

10 Management control for effectiveness and transuareDs 2000:63, ISBN 91-38-21333-8, ISSN 0284-6012
Ministry of Finance, 2000, Stockholm
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source consumption. Economic governance that ialgnpractised within the scope of
the budget process is at the same time part afjarl@ontrol perspective — public ad-
ministration policy.”

Planning FoIIow—u_p &
evaluation

Goal Result
formulation follow-up

Performance
management

Budgeting =——> Accounting —

A

Financial
control

Figure 7.3Relationship between performance management aaddial control

“The purpose of public administration policy isdi@ate forms of organisation, control
and management that provide prerequisites forhiteetbasic valuedemocracy, legal
security and efficiency. These values require that public administration:

- execute its duties in accordance with the decisioade by Parliament and the
Government,

- make materially appropriate decisions on the bafdisgislation and other statutes
and that individuals shall be accorded the oppdstia have their case heard in a
court of law, and

- achieve intended results and attain the goalsystiteoGovernment and that this
shall be done cost-effectively.”

According to ESV:

“Economic governance is a tool to realise policRaliament has decided the following
goals for economic governance:

» create prerequisites for good control of the s&dfi@ances
» allocation of resources in accordance with poligméorities
» high productivity and efficiency in the use of ttate’s resources.”

Over the past 25 to 30 years, political contraihef SNRA’s operations in annual letters of
appropriation has undergone a substantial chartge.i§ described schematically in Table

7.1 and Figure 7.4. It can be seen that the nuigersonnel restrictions, appropriations,
allocations and regulations of a financial natuae radually fallen while the number of ele-
ments that may be regarded as management by ekeetnd assignments has increased. The
requirements regarding feedback to the Governmeve hlso changed.
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Operation

2003 No 3 12 25 Yes - No 6
objectives
Transport
1992 No 11 25 0 No policy Yes 5
objectives
1978 Yes 12 47 0 No Performance Yes 0
. . 9 Feedback . :
Year Pers_on_nel Appropriations Apprgprtlanon SlEEMET LG L2 requirement F|nang|a| Assignments
restriction items goals reporting regarding regulations

Table 7.1.The Government's letters of appropriation to thiR®,, 1978 — 2003!

Budget controland
management by rules

Evaluation
o management
Objectives and
performance management

Year1970

» Year2000

Figure 7.4 Transition from budget and management by rulev&duation managemefit

7.3.2

Annual planning,

Once a year the infrastructure manager’s interfaadrpng process is based on fixed long-term
plans, interpretations of the transport policy @adbjectives and the Government’s letter of
appropriation. It is done iteratively against tiséablished financial frameworks (allocations
and any approved procurement). Operational planisiegnducted as an element of perform-

Problem overview

ance management and must among other things:

- comprise a three-year period with the highest pregifor the first year of the plan
based on underlying information of higher qualltan in the long-term planning,

- be oriented towards “optimising” and coordinatiegaurce utilisation within actual
road appropriations, so that the highest possitddyztivity is attained,

™ presentation by UIf Lundin, 2003
2 Figure by Mats Stigendal, 2003
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The internal directives that are drawn up for egpérational planning round have gradually
become more extensive. The prerequisites haverepeated year after year in longer and
longer texts. For the more strategic sectionsparsge planning document has been pro-
duced. “The strategic plart® with its in-depth documents is an internal stegdncument,
the purpose of which is “to remove decisions of@erstrategic nature from operational
planning.”

This is also a way of increasing “the interacti@tmzeen divisions and the national level, at
the same time as the amount of work required tov diathe annual operational plans” is re-
duced. In the balanced scorecard technique issabpropriate to work to a strategic opera-
tional plan.

In the strategic plan, which has been approved\BINRA board, interpretations are made
of the transport policy, concrete values and owdiiag priorities. Problems and challenges
are identified that can be addressed in road mamaige The SNRA's role in society is clari-
fied and the authority’s ways of working describ&te transport policy’s requirements and
road-users’ needs are interpreted with a holiséenof internal goals and strategies with es-
timates of the resources required to implement thithin the scope of the strategic plan,
documents are drawn up by the respective divisioatsamong other things show the divi-
sion’s contribution to fulfilment of the plan thiatto be implemented. Figure 7.5 shows how
the various documents are connected.

SNRA’s instructions, letters of appriation, laws and ordinances, etc

Customer needs T 1
SNRA's Balanced I Leadand 1

B strategic scorecards I control I
Customer | I duri hel
group plan Agreements | uringthe
document <+“> Operational : yearand |
plans theyear's!

Detailed I follow-up !

T documents : |

|

M 1 |

| I |

Policy documents

3 Strategic Plan for the SNRA 2005-2014, SNRA puttlam 2009:56, ISSN 1401-9612, 2009:05, Borlange
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Figure 7.5Documents etc in the SNRA'’s planning and contfobad management

Agreements are reached between organisationaklavé¢he SNRA in so-called balanced
scorecards with the five focus areas Client fo@ustomer focus, Internal/Financial focus,
Development focus and Employee focus.

Budgeting

The final approved budget is a consequence oflHimpd operations and forecast future fi-
nancial events at the time the budget is drawnrupad management the budget comprises
planning balanced costs relative to known reveruevenues that in all essentials consist of
granted appropriations. The operational budgetiailkd as regards projects, processes and
performance and organisation units. Performanaecsncept in planning, budgeting and fol-
low-up activities, that in the case of road managinefers to those services and products
that the SNRA is to deliver to society and roadrsisReporting to the client is to be made
with an emphasis on these deliveries and on cegféects that are achieved.

Performance is about how the SNRA in monetary teranges out the work that according to
the planning should correspond to a functioningvoek during all hours of the day. It also
concerns the execution of measures relative teethothe long-term plan in different road
networks in different parts of the country. Therptmntains operational, maintenance, im-
provement and new construction measures that te soment have been judged to corre-
spond to society’s and road users’ needs. It isngisg for the client to be able to monitor per-
formance relative to the appropriations granteddpctivity development, measures decided
in approved plans, and effects in the transpoitpol

Quality problems in the bases for economic governance

According to a parliamentary decision, economicegagnce is a tool to realise policies. The
governance must create prerequisites for adeqoateot of state finances but also make it
possible for the resources to be distributed imeatance with political priorities with high
productivity and efficiency in their use.

For one of the state’s single largest assetsyoa capital, there is a need to improve finan-
cial control. In road management, resources aadl essentials allocated according to politi-
cal priorities. In many cases, priorities would édeen different if the bases for decision had
been of higher quality. For example, investmenjquts often prove to be subject to substan-
tial cost increases. With more accurate detaitsosts, a project’s lower net present value
ratio might have lowered its priority in the placost increase in a high-priority project also
leads to postponement of subsequent projects tiefcmaking it more difficult to coordi-
nate with other undertakings in society. No rekaibformation exists for assessments of pro-
ductivity and efficiency.

No details exist of state road management’s ancaagumption costs in respect of different
component types in different road networks, fofadtént parts of the country, for specific
roads and in total for the whole country. Todag, &ippropriation for operation and mainte-
nance is perceived as the cost of road managembkicty would mean that if no appropria-
tion is granted for a particular year, the costoafd management is also zero for that year.
The road manager compensates kind of misleadiognration by reporting the volume of
“maintenance backlog” — a volume that for instawoeild increase in a year without appro-
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priations. The consequences of low appropriativalgand inefficient road management are
described with a figure for accumulated, unfundedntenance needs (Mbl). In external
checks, the figure has proven to lack credibildgg Chapter 6).

Follow-ups

The follow-ups of the budget or operations that@meducted today focus on being able to
report how appropriations have been used. Thedmka the long-term plans is not really
clear. There is no information about the actuat obadministering the road capital. It is dif-
ficult to identify best practice at the authoritgdause no real benchmarking is done.

Before invoicing on account began to be applied amatter of routine, it was very difficult to
allocate items to periods and make forecasts. Whthicing on account the invoices will fol-
low an established payment plan and not actualyatazh. If invoicing is also postponed

until after the turn of the year due to orderednges and additions, the forecast over the
whole year will largely be the same as the budbe. following year’s budget for the project
can then take extra orders from the previous yeairgo consideration. Any difficulties in
making a forecast will only concern the orders atigér adjustments that are made during the
last year of the project.

In other respects the follow-up will comprise qtyatieficiencies other deviations to the ex-
tent that the project manager chooses to repan.the“normal cases” no systematic, inde-
pendent checks and analyses are made of how tjee{srare progressing other than in
scheduled random checks in connection with integnality audits. External quality auditors
often take part in the review of how the projeciiglity assurance system is functioning.

Observations with regard to quality, for exampleamnection with the final inspection (good
or bad examples) are today documented in the gualétem but are not reported to the inter-
nal accounting. It is therefore difficult or impdss to identify financial information with
regard to observations made in respect of quality.

Sx main points

The process is intended to create prerequisitemdmitoring and controlling the organisa-
tion’s operations and activities on a continuousivieRoad management’s problems are not
about reporting what the appropriations have beexd for, but the resource allocation itself
and the description of how well the appropriatibase been used and the results of this use.
The lessons can be summarized in the followingrsin points:

1) Misleading accounting of road capital and of raa@hagement’s costs.
a.impedes continuous measurement of road managengeat @ttainment
b. impedes continuous control of road managementduyartivity development
c. impedes continuous control of road managementisieficy development
d. impedes stimulation of the road construction industproductivity development
e. contribute to slow development of forms of contraatl cooperation
f. lead to quality deficiencies in reports to the &wment with reduced credibility as a
result
g. lead to uncertain political control that can regtthe road manager’s possibilitiet
be given access to appropriate, more flexible fogdindto be given greater responsibil-
ity for customer satisfaction and goal attainment.
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2) Resource allocation, control, monitoring and gs@é$ are made more difficult by the defi-
ciencies described in 1) above, since
a. there is no systematically documented relevantiné&tion about standard deficiencies
and condition deficiencies
b. there is no objectively appraised description efstatus of the roads’ components
c.road management’s cost follow-ups are misleadingliferent roads around the coun-

try.

3) The “maintenance backlog” figures are an atteimpgbmpensate for the deficiencies in 1
above:
a. for which neither their components nor structune loa identified verified or followed
b. that have low credibility both inside and outside ENRA.

4) The deficiencies under 1 and 3 make analysesaof management difficult. The analyses
are of the following types:
a. LCA of road management and of the road networKkfem@nt components.
b. LCC of the road network’s different componentsddferent types of road in different
parts of the country
c. benchmarking of road managementemponents’ and alternative executions’ costs
d. cost driver analyses of road management (compdyees’ price trends, expenditure
costs and life cycle costs)

5) Road management’s quality and improvement efeomtslearning are hindered by the
deficiencies under 1 and 4
a. in continuous control and monitoring there are adyeindicators of deviations that
need to be rectified .
b. in continuous control and monitoring there are adyeindicators of deviations that
must be addressed in the learning process in twdsr quickly taken up in later activities

6) The contract structure is not reflected in thecaiting and is not harmonised with the
needs of control, because
a. forecast quality, which is a consequence of thectire, has often proven to be low in
maintenance and investment projects
b. inappropriate incentives and weak possibilitiesvienification as a consequence of the
structure with all negotiations can contribute ¢stancreases
c. development towards the high level of detail in AMA model, probably increases the
contractors’ already high cost of administering ¢batractand- makes the project man-
ager’s work on forecasts more expensive and mdfieudi to improve (see section 7.5
below).

All'in all, there are a great many problems witmsiderable improvement potential in the
existing costly model for financial control and nitoning via operational planning, budget,
follow-ups and analyses. The problems affect remtléhe learning and issues regarding road
management’s credibility, incentives, improvemdtfars, efficiency and possibilities for
alternative funding. The intention is to clarify @ther the proposed TAM concept can create
a foundation for developing continuous financiahtrol of state-administered road manage-
ment.
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7.3.3  Comments on the problems described

Misleading accounting (points 1 and 2)

In theory, budgeting is used for financial plannafgolvency and results during the period,
and the financial position at the end of the perlodoad management, the balance sheet does
not have the importance that it should be ableat@hThis is first and foremost due to the
existing principles for the accounting of road ¢apiThese principles result in the informa-

tion in the balance sheet not corresponding to#esls of control and monitoring of road
management operations. The low value of the inftionanas been known for a long tirtfe

Every road management region has hundreds of nageics under way over the course of
the year. A great many of these projects turn avidions of kronor a month. Regional man-
agement may find it difficult to review the finaatstatus of all projects on a regular basis. In
principle, financial control involves financial cwal of defined projects, assignments and
activities/operations against the budgets fixedtiem and the appropriations granted. Ex-
perience has shown that the budget is normallyivels high at the beginning of a project.
When invoicing on account is applied, there is¢fane a risk of over-invoicing at the begin-
ning of the projects, because the contractor  @tgleavouring to achieve the best possible
solvency in the projecfé?. Invoicing on account reduces the client’s deviatiagainst

budget. At the same time, however, capital utilsabecomes less efficient.

With appropriately designed contracts (see sedtidron procurement) cost deviations can be
analysed by computer. Deviations over the contdactebudgeted period can be assigned to
causes dependent on time, quantity, and unit gncdeuniform forecasts madehe client will
thereby probably be able to use his capital mucteratiiciently and to a certain extent also
his human resources.

Significant cause-dependent deviations can be tetearly, despite the fact that the sum
total of the deviations in a project may amountdoy little or even zero kronor. This is a
very important quality issue in monitoring and aohtWith the TAM concept, management
has a good overview of any problems deviationggards total production per appropriation
with forecasts of good, steady quality. Deviatiamges and uncertainties as regards quanti-
ties, unit prices and times can be handled wittptiesibility to make resource usage (appro-
priations and employees) more efficient. The bése®ng-term financial planning linked to
the approved long-term plans are also improved.

It is thus possible to improve project follow-up#nancial control, follow-ups, monitoring

and reporting do not today include the road capitadlues, consumption costs or road man-
agement’s total outcome or productivity. Somewhaisively, we could say that unsatisfac-
tory quality and unacceptable life cycle costsaspect of components will lead to new meas-
ures with project budgets without the organisaliaming access to knowledge from system-
atic learning.

4 Already when the SNAR first began booking roadafiations as assets, in 1994, the authority’s rganment
decoded to complement it in the internal accouritis &condition-related appraisal of the road alplhforma-
tion about the road capital’s value, changes inevaind costs would be used for control, monitoand report-
ing of road management.

15 E.g. the Internal Audit department’s report maketear that Vagverket Produktion “in previousdirac-
counts have reported a substantial increase ibafence sheet item ‘Invoiced not yet generatedmas’@.
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The information about the maintenance backlog pores to the Government is an attempt to
correct the distorted picture that the accounts givthe same time as the message is that the
amount stated is to be seen as the cost of anfietided measures. It is implied that road
management operations have been carried on aepfficas possible and that it is a matter
of new appropriations.

Identifying and dealing with deviations is one loé tmore important tasks in controlling and
monitoring. In the TAM concept’s process contrdl (Chapter 3) identification of deviations
is extremely valuable. In addition to the possibito take corrective action to minimise nega-
tive consequences for road-users and society,itgpisiimportant in the different sub-
processes. Control limits are therefore used toenaakitinuous control more efficient here.

In order to make monitoring of deviations more efifee, a so-called factor algorithm is used.
In the algorithm, the control limits are adapted@itcaumstances in respect of different influ-
encing factors. A component’s capital consumptiear@ year expressed per unit (generally
metres of length) can then be related to the “n8romsumption for components with
equivalent prerequisites according to this algamith

This technique of identifying successful and nossocessful road management using control
limits adapted to circumstances can be used tatsed®y conduct in-depth analyses of deviat-
ing components. A properly functioning learninggess will therefore enable good practices
to be copied nationwide on a large scale. Corredipgty, less successful practices will not
need to be repeated anywhere else in the orgamisatnis part of control is included in the
important change process. The approach is bas#teqrerception that components that
showed deviating costs both at an early stageaeddn will show life cycle costs that devi-
ate in a corresponding manner. Among other thitigsdiscounting supports this.

Improvements in reporting follow-ups and monitorstguld facilitate important actual cost
calculations and analyses, in order, among otliegshto be able to develop forms of con-
tract and cooperation between road managers, ¢ansaibnd contractors. They can also con-
stitute important background information for reprugtof road management to the Govern-
ment and Parliament with higher quality than inphesent annual report.

An important principle is that the TAM concept’sormation about standard deficiencies and
condition values is available to everyone. Exteomcks and dialogue are important to se-
cure the best possible quality information in sbglanning.

When the politicians’ monitoring possibilities haveen sufficiently improved, it should be
possible to open up for a less restricted kinduofiing of road management. The road man-
ager should be able to be given greater respoitgitat the funding of road management. It
should then be possible for the road manager tolEgyiven responsibility for the effects for
society and road-users of the infrastructure’sigual

Internal verification

Today the focus is on a contract’s quantities ffedént work phases that have adjustable
guantities. The contract concept forces the prajertager, more often than not alone, to
reach thousands of agreements on quantities wittraxtiors in one or several projects. In
practice, the quantities and the agreements amrgignmore or less impossible for anyone
else to check.
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Through the use of quality-related accounting aidrcapital the focus is automatically shifted
to components that have largely verifiable quaegigven after the project have been opened
for traffic. Together with the control limits tecle, this will improve internal verification
quite considerably. We shall return to the issumigfrnal verification in Section 7.4 on pro-
curement.

Maintenance backlog

This point concerns maintenance backlog and has tieeussed in Chapter 6. The credibility
of information about maintenance backlog shouldease when the figures can be calculated
by means of the system in the quality-related im@keaccounting of road capital. The analysis
clearly indicates the components and the maintenareasures that should have been under-
taken. The poor quality of the road network hasmhé#@at road-users have had to bear unnec-
essarily high costs. The funding of unacceptabfiei@acies that are not rectified risks being
passed on to future generations.

Quality-related accounting allows the situatiodlb&monitored. Improvement targets for
eliminating the “maintenance backlog” can be dethénd followed up. It is also possible to
get an idea of how much can be funded by increasfiingency in road management and re-
ducing quality deficiency costs and how much mestunded by means of extra external
resources. The follow-up is made per physical camepband can be accumulated in different
ways.

Life cycle analyses and benchmarking (point 4)

This point mainly concerns the possibility to m&kaA and LCC analyses on the component
level, and conduct benchmarking and analyses af ni@nagement’s cost drivers. Here the
focus is brought to bear on the first three poitite; TAM concept’s technique of using re-
source input analyses for acquisition values ipeesof cost-drivers was dealt with in Chap-
ter 4.

Quality-related accounting enables consumptionscastl remaining consumption margin to
be reported for each component occurrence. leiethre possible to predict with reasonable
accuracy when each component occurrence will ped or reach its “worst acceptable
condition value”. Component occurrences’ scrappimgs can for example be compiled for
those component types that have a negative enventahimpact. Final replacements and
disposals can be planned and coordinated in a ¢unndsti-year project of known scope. Pro-
curement can be made with a focus on certain comidgipes with a certain type of envi-
ronmental impact with requirements for secure hagddf known volumes. This will then
facilitate the practical handling of componentstienenvironmental life cycles (LCA).

In the quality-related accounting a component’'sigedly accumulated life cycle cost is fol-
lowed up by computer taking both the interest wated for costing and actual price increase
into consideration. When the component type’s cantbn price index is updated, the year’s
real discount factor is calculated and stored. yidga's value reduction without any price ad-
justments is a cost that can be converted to gi@gtirchasing power the acquisition year.
The six consumption models give different qualityammponent costs and their discounted
values. Other costs that are paid after the admuisiate can be converted to acquisition year
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figures in the same way. The procedure will thenefglucidate the consequences of actual
rate of consumption and the price trend.

Best practice can be identified and internal berarking facilitated from deviations against
control limits. Both the gradually accumulated dindl LCC should be analysed when new
acquisition decisions are to be taken. There 3 gd®d reason to make continuous analyses
of component types’ different alternatives in viefwariations in purchasing power and as
regards future funding needs.

Learning and improvements (points 5 and 6)

The internal improvement effort requires among pthangs knowledge of what different
things cost and what is good and what is not gdaghtional improvement effort needs ac-
counts that support the work. No special projecisxternal investigating resources should be
needed to determine the costs of road managenpmntisicts (road components).

At the present time projects for both investmemt araintenance measures are very detailed
in structure. It is obvious that the structuresdgample make forecasting and rational han-
dling of deviations difficult. The structure fualsst increases and low development of pro-
ductivity. In order to investigate the possibilityraise the quality of the forecasts a test was
made in 1997° where the contractor submitted better basic médion on the basis of the
applicable contract structure, i.e. on the basisrioked quantities in the contract, Theoreti-
cally, it proved to be possible to handle the diedinformation and deviations from the con-
tract but the process was very time-consuming.eBejality with the existing contract struc-
ture was judged to involve too much administratmachieve and hardly defensible from a
financial point of view.

The financial and technical knowledge about comptskas a clear customer focus in the
quality-related accounting. Control limits are lihe@ socioeconomic assessments and cus-
tomers’ expectations. Component occurrences thabd@mple show deviating acquisition
values, consumption and life cycle costs, can batified continuously by means of the sys-
tem. Deviating component occurrences can be idedt&arly and analysed in depth. In the
learning and improvement process good examplebeaopied quickly throughout the or-
ganisation while bad examples can be rectifiedldyito reduce negative effects for road-
users and society. Early detection and fast legraam prevent bad road management being
repeated. Summed-up the quality-related accounfingad capital makes it possible to sys-
tematically make computerised compilations of,@eample

- changes in each component occurrence’s replacerakrm, condition value (as regards
index adjustment, improvement, maintenance, qudéficiency cost and consumption)
and, for example, maintenance backlog,

- the same totalled by component type per road, neadork, municipality, region, other
area, contractor etc,

- development of productivity and efficiency and prteends in the handling of the road
capital’s different component types,

16 Berth Jonsson, Lars-Erik Sollander and Knut Hessiih conducted the test on a road project in tHe/si
Central region. The contractor was Vagverket Pridok

150



- cost drivers in road management in respect of itapbresources,

- status and changes concerning the road capitdfiéselt types of deficiencies in stan-
dard and condition,

- quality deficiency costs broken down by deficiesdi® products or decisions,

- the parts of the cost deviations that are deperatenhit price, quantity or time in on-
going road projects,

- road management’s consequences for the objectibe itransport policy regarding for
example transportation costs, the number of pedfdsl or injured on the roads, noise
and air pollution, for example in the form of greense gases, for components that are
unsatisfactorily maintained or show standard deficies,

- the improvement potential for “inefficient road nagement” per, for example, road
network and/or region.

7.4 Procurement

74.1 General

As long ago as the 1960s the procurement modeldiarconstruction was developed in Swe-
den into forms that are still recognisable in ttNR3's procurements. The forms for opera-
tion and maintenance contracts were based on tielrfar new construction but have

mainly been developed over the past seventeen,ysagsning in 1992. It was then that the
“client and contractor” roles began to be usedparation contracts. At the same time, the
directly ordered autonomous operations were grddedcontinued. Swedish road manage-
ment primarily uses all-in contracts and perforneabased contracts. The life cycle aspect
has begun to be discussed in the following terms:

“The approach in the new Finnish procurement sisaie based on life cycle responsi-
bility where the road manager’s costs are optimfsedonstruction and maintenance
and must also cover traffic costs and environmentphct. The client first and foremost
stipulates functional requirements and the contrastgiven great possibilities for inno-
vations and optimisation of the maintenance. Thdreot period in the model is 20-30
years.”

“In projects that concern maintenance work, the djcle model is not used but the life
of work carried out is spoken about instead. Thel@hbas been developed furthest as
regards pavement work where rutting has been ttexiarfor pavement life.”

In road management, performance-based contractsfbaa long time been the predominant
form of contract. Over the past decade the volufral-on contracts in the form of functional
contracts has varied widely. The SNRA'’s forecash# the volume of all-in contracts will
stabilise at just fewer than 40%, i.e. at the skwel as in 2006 and 2007. The basic pack-
ages’ operation and maintenance contracts ard gikall-in contract type.

" SNRA, Customer-supplier Strategy, version 1, lt&aper 2005
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In Norway and Finland, more forms of contract aseduthan in Sweden. Statens Vegvesen in
Norway, for example, has three major demonstragioects that comprise planning, con-
struction, maintenance and operation over a pari@b years. In the form of contract that in
Sweden is called OPS (“Public Private Cooperatimjeet”) the contractor is responsible for
the funding of the investment. The correspondingifof contract exists in Finland under the
name Public Private Partnership (PPP).

The contractor is paid by the road manager in aneaagreed for each OPS/PPP project.
Payment may for example follow a payment plan qrediel on the number of vehicle pas-
sages. The contract period is sometimes fixed msdéh cases the contractor receives the
total amount that the period permits. Other comgratay be valid until a certain total amount
is reached. When the contract period has expiredhttallation is handed over to the client,
normally without any further payment but often wétldemand that the installation be of a
defined quality.

In the strategy for the continued work on develggdimrms of procurement, the SNRA is en-
deavouring to increase efficiency in road manage¢raed improve forms of cooperation with
the contractors. The focus is on developing trent “procurement responsibility” into a
clearer “operational responsibility” and the contaas’ “resource responsibility” into a clear
“production responsibility” as shown in Figure 7.6.

CLIENT RESPONSIBILITY CONTRACTOR RESPONSIBILITY

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

______________________________________________________________________________________________________________

Present focus Responsibilty for follow-ups and sale

%
<:> New focus

Figure 7.6 Outline of the strategic development's focus @mrés the parties’ responsibiliti€s

The work of improving the enquiry documents, staddand quality specifications and orders
has been going on since the early 1990s. The inepnents are a result of the endeavour to
develop roles and responsibilities in the cliemtcactor model. It is a development that in-
volves business risks, which is why progress has Ise cautious in Sweden.

In the Procurement sub-process focuses on issues such as businessikation, distribution

of risks and responsibilities between contractar @rent the content of the contract and the
contract’s significance for the parties’ incentiviedernal monitoring and control, and conse-
guences for the project manager role. It is dissdi$®w the TAM concept can influence
these aspects in present procurement and contiacepts. The problem description has been
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drawn up on the basis of a literature review, dis@ns with experienced purchasers at the
SNRA and experience from analyses and building tcocison.

7.4.2  Problem overview

The SNRA believes that the quality of tender docotsidas improved in recent years. This im-
provement has led to the documents containing meayeirements, which have become increas-
ingly more comprehensive and complex. The consempuehthis development is that risks linked
to the requirements have increase and more timeemodirces are needed in the suppliers’ work
with tenders. The development of the tender doctsmaay be one of the explanations why
nowadays it is only the major contractors who aterested in operation and maintenance con-
tracts. There are now only four major contracteraaining in the Swedish market, which is a
problem in itself.

Low profitability and productivity development

General problems taken up in the SNRA'’s stratelgin pre the low profitability and poor pro-
ductivity development in the industry. It has betimed for a long time that profitability has
normally not been higher than 1-3%, to be compuaitdan ideal 6—8% to make it possible for
the contractors to run development projects of thin. Productivity development has also been
low despite extensive structural changes.

Cost increases in projects

Auditors’ reports'® and the strategic plan discuss projects’ coseames and the distributing
responsibility and risk between client and contstacthe SNRA puts significant resources into
continuously updating the calculation databaseommection with procurements. On the basis of
unit prices in the database the SNRA makes its @aleculations in respect of road objects being
cost by the contractors in order to check the tentlaat are submitted.

Despite the client’s calculations and assessmém@grend is that there will have been all in all
considerably more cost increases than cost redischip the time the projects are concluded.
Cost increases mainly due to increases in quastaenot be explained by errors in planning or
deficiencies in project calculations. Regardleswloit has been said about planning and calcula-
tions, increases in quantity are results of negotia and/or agreements between the client and
the contractor.

Furthermore we have to repeat that neither withptheate players nor the road manager do life
cycle perspectives extremely often comes up irdibeussions about what measures are needed.
The importance of cost increases therefore is cerelyl unknown in a life cycle perspective. On
the other hand may the lack of life cycle analyse$he most serious problem in the client’s
evaluations of submitted tenders. The client hasffitient knowledge of road capital’s life cycle
aspects as regards both energy, environment andteliconsequences (LCA) and costs (LCC).

8 Annual Report by Internal Audit department for iyear 2007, AL 60A 2008:3475, adopted by the Haar
14 February 2008

AL 60A 2008:3475, Internal audit of an investmerajpct on national road 73, AL 60A 2007:24087

AL 60A 2008:3475, Internal audit of two investme@nbjects on the E4 European Highway, AL 60A 2008:74
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Deficiencies in internal monitoring and control

The procurement process and contracts must inlesistegal and unambiguous a manner as
possible ensure that requirements and agreemantsecaplemented in road management in
accordance with the owner’s expectations. Intevadtikes place on the client side of road
management between the democratically electednafpwliticians (the representatives of
the owner) and the person responsible at the SNiIRAperson responsible for administration
in accordance with a distribution of work betweeaia and Director-General).

The owner must get the person responsible for a@dtration (the Principal-agent probléf)

to do what the owner wants him to do (via the fpamspolicy, plans, government letter of
appropriation with appropriations, directives, efif)e person responsible for administration
must in turn get his subordinates to do what hetsviiiem to do (via plans, directives, goals,
the budget, balanced scorecards, order of delegatio.) and so on down to the project man-
ager responsible who is to do what his immediapesar wants him to do (via the budget,
order of delegation, contracts, etc). The projeahager must get the contracted contractor to
do what has been agreed in the legally bindingtcocton contract.

In the chain of players on the client side, theeeaanumber of incentives for each player’s
actions. Example of the client’s players’ incensiand incentive-like factors are the follow-

ing:

1. A working day free of conflict makes life considelamore pleasant than one filled
with conflict. Conflict-free solutions, for examplare therefore chosen, with compro-
mises and agreements, when an issue is judgechinmainknown to superiors in the
organisation or when such a solution in any casgldvoot upset any superior.

2. Disputes can for example arise when contract ink¢sions are claimed. Conflict-free
solutions are chosen if, for example, it is knowatta superior prefers to reward people
who create peace and harmony in the organisatiinangalary increase or promotion
over people who are “always” creating disputespDigs that in extreme cases can even
lead to personal “punishment” in all certainty ldaaxtra work for superiors and costs
for legal proceedings.

3. In negotiations with contractors, cost increaseseazsily be approved if one’s experi-
ence is that superiors accept explanations suttieaacrease being due to planning er-
rors or uncontrollable factors such as a diffeteahnical solution due to prevailing cir-
cumstances, etc.

Relations between the project manager and theretsite engineer follow the same pattern.
The fewer the problems that end up on the projectager’s desk the more the site engineer is
appreciated. When more people in the chain sulmatrnation, the client may also end up in a
situation where information “gets lost”, is withdedr even becomes misleading when it is
needed for negotiated agreements (adverse seléGtifine latter may even be conscious if the
external site engineer's loyalties lie with the tantor. The risk of “Moral Hazard” situatioh$
occurring increases, i.e. incorrect informatiobrsught to light after an agreement has been
reached and an unexpectedly expensive bill is foale

1% Economics, Organization & Management, Paul Milgrdohn Roberts, ISBN 0-13-223967-1, 1992, New
Jersey
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With growing knowledge of details in the projectads working on, a knowledge advantage
will develop on the part of the contractor — anatage that he will be able to put to use to
obtain extra payments as soon as a suitable occasges. Below are listed a few examples
of what the agent’s (the contractor’s) incentivas tead to in negotiations with the principal
(the client).

1. The contractor “only” brings up for discussion theantity changes that are to his ad-
vantage in a, tactically speaking, long-term firiahperspective (creates trust or direct
increases in income). The client’s experienceas pinojects’ quantities generally in-
crease (see below).

2. The contractor will from experience open a negitratvith a high bid with a bargain-
ing margin. The client, whose attitude is that greament reached with taxpayers’
money must be sound and fair, begins the negatiatith an offer that can be justified
if a check is made.

3. The contractor has the best internal informatigivépe informatiort® and the own re-
ward incentive is strong. An advantage as reganesnal information will therefore be
exploited to the full in order to maximise reswdtsd thereby one’s own reward.

4. According to Swedish negotiating tradition, a négain always ends in some kind of
settlement/compromise where both parties can &esfied on the basis of their opening
bids. The players on the client side have a rewsrehtive to avoid “messy” situations
and disputes that can be raised to higher levelseiorganisation, as the contractor very
well knows.

When a project is procured the client “normally’shthe most comprehensive internal infor-
mation. The client has for many years devotedihmis to learning in depth about the project’s
circumstances and prerequisites. It is also thtivho has driven the project to the point
where it has become an approved work schedulethétidetails thoroughly discussed and
complete with full specifications, construction datents and tender documents. However, it
is a third party that has best information of alhe consultant who carried out the planning
on behalf of the client.

Contractors who submit tenders work their way thfoall the documentation and can for a
limited time make their own complementary studiedoes not need to be assumed that the
preparatory work may include interviews with peopleo have worked on the project for the
client. The worst scenario from the point of viefardernal control is an established collabo-
ration between the consultant and a contractoadyreluring the planning phase and that in-
correct quantities are consciously entered in tmsituction documents. The tender that is
submitted does not only consider a production ¢afmn but also tactical considerations
based on other information about the project thatlieen acquired. It also reflects factors
such as order status, available resources andcfalgrerequisites for a foreseeable period of
time.

The contactor selected will in a short time hawelibst internal information. The amount of
detail in a contract is probably important as rdgahe contractor’s possibilities to use his
internal information for price adjustments to imyecis own results. The more details there
are, the more “negotiation opportunities” therel Wé alongside possibilities to use his advan-
tage especially considering the negotiating pariiegntives.

One damaging factor as regards internal contralsis the fact that the construction industry
does not have a spotless reputation. Profitabilityhe industry is asserted to be low and over
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the years many irregularities have come to ligigluding “bogus” invoices, cartels, bribery,
“black work” and bookkeeping offences. The riskroégularities cannot be underestimated
and the industry must act to improve its reputatitth the taxpayer. It is especially important
that the client create prerequisites for the ingust be checked and “cleared” of any suspi-
cion of criminal behaviour. Construction shoulddreexciting industry of the future that must
find new sound forms of contract with better diatition of responsibility and better prerequi-
sites for sound profitability and good productivitgvelopment. It is our conviction that the
TAM concept can contribute to this.

Expensive contract administration

An experienced contractor has judged that con&@ditinistration in today’s concept with
many thousands of adjustable quantities in majojepts costs the equivalent of 1-2% of the
total value of the contract. In later and new prtgehe even more detailed AMA structure
will apply, which will probably lead to even highadministrative costs. For the total road
management, including the client’s costs, this pittbably entail unneeded costs amounting
to hundreds of millions of kronor every year.

7.4.3  Commentson problemsin procurement

General

The restructuring of the construction industry legkto a situation where only a few nation-
wide construction companies remain. The developroktite tender documents with increas-
ing amounts of detail and requirements may alse ltantributed to the fact that it is only the
major contractors who have the capacity to be ested in operation and maintenance con-
tracts in road management. The problem might be thibe reduced by inviting tenders for
assignments that have simpler and less demandidgrtelocuments, for example for upkeep
of a few specific component types.

The quality-related accounting’s focus on composi@nid component types makes it possible
to have a tendering procedure whereby contractséory years’ upkeep of one or several
component types can be awarded in a controlled ardonextensive areas, along certain
roads or in certain road networks. Data existgpfoducing computerised detailed tender
documents with information about probable annualdfer measures per component type for
different road networks, roads or areas of roatie. TAM concept also means an immediate
switch for the contractors from resource respoligitidb a very clear production and product
responsibility (cf. Figure 7.6), which is in agresmb with the development that the SNRA
desires. It would also be stimulating for the candion industry.

It might well also lead to several small but spkséal construction companies with nation-
wide coverage that are very interested in devetppartain component types and making
production methods, plant and tools more efficigvith road management that has its focus
on handling the climate issue and resolving thedifcle problem, there will in all certainty

be competitive alternatives to the present compiotypes and production methods. The road
manager's unambiguous responsibilities mean tladilms and desired development must
be clearly expressed and new procurement altegsathust begin to be discussed. As a natu-
ral consequence, an LCA perspective and focus oipooents in road management can open
up for innovations and new contractors. With magyasate upkeep assignment, today’s large
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contractors would be able to take responsibilityflanning and coordinating road measures
in a region.

This specialisation might reduce the problems wf poofitability and poor productivity de-
velopment in the industry. A shift in focus in tbentract concept from detailed activities to
delivery of components will further strengthen thisday the contractor has to lay as many
metres of conduits as possible or excavate as mmigossible since this is what can be in-
voiced and generate as large a profit as posgidiecus on the components and the life cy-
cles will mean that they will instead have to dimgjs more efficiently, exploit synergies be-
tween different work activities, and choose beattethods and materials also in a life cycle
perspective. The challenge for the contractorlénltAM concept will be to press down the
total cost per produced component and thus inctbasenet profits.

Price trends and cost increasesin projects

Price trends are presently followed for consumaepindex, operation index, road index,
ferry index and administration index. These indecaas provide a rough description of road
management’s price trends at an overall 16ueAt the SNRA the possibility also exists to
follow actual price trends according to the deth#eA structure. This can be done using
the data collected in the calculation databases détailed level consists of thousands of
guantities. With this very extensive informationought to be possible to identify quantities
with extremely deviant price trends. On the othand) it may be more difficult to see what
they mean for road management overall and whelilggr¢an be regarded as road manage-
ment’s cost drivers.

The TAM concept’s construction price indexes arecsfr to each component type. The in-
dexes consist of baskets of Statistics Swedenisiaffesource input indexes in respect of the
proportions of the resources for each type. Thadac the TAM concept’s procurements is
on the component types. Theoretical constructicsepndexes exist for each component
type. The actual price trend for each componerd tjgn be seen in the quality-related ac-
counting.

The follow-up can show how much of road managersdntal investment expenditure is
attributable to which component type. Since the amhof each component type’s investment
expenditure is attributable to a specific resoumpeit, it is also possible to determine each
resource input’s share of road management’s totastment expenditure. Road investments’
cost drivers can be identified at resource inputllend what it/they mean in the total picture
can be determined. Strategies to counteract tihke pend can be devised and goals set for
them and followed up using the system. The TAM emtceems to improve the prerequisites
for making computerised follow-ups and analyseprigde trends and preventing an undesir-
able price trend.

In the TAM concept, performance-based contractsbeaexecuted exactly as before and the
construction documents can follow the detailed ABtAucture if the industry so requires. The

29"Up until the mid-1990s, both the road and operathdexes roughly followed the consumer price inblet
the road index has subsequently developed fastiwasdor 2004 the road index for is 9% and therafen
index 21% higher than the consumer price indexidad administration shows the same developmentfend
2004 is approx. 18% higher than the consumer jmidex while the index for central administratiorshargely
followed the consumer price index.” (The SNRA’stamser-supplier strategy, 1 September 2005)
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contract should on the other hand not be basebeqguantities according to the AMA struc-
ture but on the quantities of the components irctirgract. Additionally, a few quantities that
are critical as regards risk distribution can dsaegulated.

To begin with, the new concept would mean thatctir@ractor needs to extend or change the
planning. The client may then be forced by the pilag consultant to finance additional as-
signments. Additional assignments should graduadhse as the market adapts to the new
order. The AMA quantities take on a partially nedersince they are only used in the con-
tractor’s “build up” calculations and cannot beuwsdgd later in the contract with the client.

In order to partially compensate for this, the pobjengineer’s responsibility can be aug-
mented with a quality guarantee for each quantétes in the construction documents to-
gether with tolerance intervals or limit valuesthé contractor can show that the actual quan-
tity for example exceeds the upper limit value, ¢basultant or his insurance company must
pay cost compensation. Wide intervals will leadhigher prices for the contractors. Consult-
ants with wide intervals will therefore be valuesver when a project engineer is being pro-
cured.

With this concept, the responsibility for the quyabf the information is redistributed. Any
interaction between contractor and consultant imeation with submitting a tender will

have considerably less impact and on a considesmbjler number of quantities and uncer-
tainties in the contract. The number of quantipgsed in the contract will be able to be re-
duced from a few thousand to at most about fiftye Tlient’s risks associated with the quality
of the consultant’s quantities and any irregulasitare considerably lower with the TAM con-
cept.

Most of the up to about fifty adjustable quantities road project will be able to be verified
at later stages up until the time the road obgopened to traffic. In this arrangement, the
consultant must take responsibility for the quaditythe underlying calculations according to
AMA that he refers to in the planning documentse Tontractor, who offers the unit-priced
list of quantities per component type, can useaagulation model he chooses (buildup
and/or top-down calculations). The client takepoesibility for the physical design and
other requirements regarding details in the docusn@md must therefore be liable for the
costs than can arise out of adjustments to thgesiother requirements during the course
of the project.

The smaller number of negotiations and greaterobapportunities offered by the TAM
concept reduce the importance of the client’s difti circumstances, lack of information and
the starting point for the negotiations. The baseconditions of the new contract concepts
should have a clear reducing effect on the prevaeantity increases that cause substantial
cost increases in road projects and inefficienaypéroad management.

Relationships exist between several componentgjaadtities. Plausibility assessments of
many detailed AMA quantities can therefore be maglong as quantities are in all essentials
theoretical measures. The quantities in additiocotoponents that may also need to be ad-
justed (e.g. excavated earth and rock) are criéileahents from the point of view of quality,
which is another reason why the client should aryymake extensive checks.
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Rational capture of relevant data for control, analyses and learning

The road manager has great faith in a functioniagket and competition when procurements
are made. Nonetheless, road managers have beengla&ir own price calculations (build-
up) and assessments (top-down, e.g. the succgssiegple) for a long time, at least for ma-
jor projects. To ensure good quality of calculatitata in independent examinations, the unit
prices in submitted tenders are registered in MiR/ASs calculation database. The basic fi-
nancial information used when considering tendeferle making a decision is at the AMA
structure’s level of detail. At the same time, fiiedominant fundamental premise at the
SNRA is that every road project taken as a wholemigue and has unique costs

Detailed financial background information accordinghe AMA structure remains with the
project manager. Financial forecasts should thezdie made using this material since it is at
this level that the project’s costs change. Howevés a demanding task when the contract
contains thousands of adjustable quantities. Thewating system'’s financial follow-up
comprises instead the contractor’s “on accountbio®s. The project’s other expenditure
items come from other sources. The total amoutti@fnvestment (the acquisition value) is
booked as an asset within five years of its betilgped.

Even if every road project taken as a whole mayrigue, this does not apply to the prices of
all road components. On the contrary, variatioessanall for a great many kinds. This fact
alone shows that the financial focus should behenltAM concept’'s component types.
Analyses of variations in the prices of resourceslenbefore the control limits were set can
therefore show that some component types’ pricesiareasonable. Some types with reliable
control limits are excluded, the remainder reqturéher analysis. In such cases there should
be some room to manoeuvre in the procurement ppseghat construction contracts, for
example, are not divided up by component type. Dapdure would in all certainty be more
efficient for types with specialised contractorsl avould even be a strategic means to in-
crease productivity in the industry.

In the TAM concept input data would be deliveredhe quality-related internal accounts by
the contractor having been quality-controlled kg pinoject manager. data contains the infor-
mation about road capital and road projects tratdlad manager needs for financial control
and monitoring. Before the project is handed awehe client, revised as-built drawings are
drawn up that at the same time constitute inpw ttathe road and traffic data bank (RDB)
and let us say digitally signed status record pemgonent type appended to the final invoice.
Data capture in the TAM concept should be efficeemd satisfy the need for control, verifica-
tion, reporting, learning, analyses and businesfepsionalism.

Other weak conditionsin the internal verification

The worst scenarios as far as internal controbigerned are when irregularities occur.

The TAM concept cannot prevent irregular collaborabetween, for example, contractor
and consultant (project planner). But the TAM cgrta&n limit or lessen the consequences
of such irregular collaboration quite consideralilge number of cost-influencing factors that
can be manipulated is reduced. Many of the quast¢an also be verified afterwards, which

%L This conclusion was reached in the Finance deanttsMetre cost project, when it was concludethi
mid-1970s. After several years’ work on, among pthangs, regression analyse of extensive data fx@reat
many road projects, it was clear that the numberiok-influencing factors and the spread of tHermation
regarding the individual factors are both subsganti
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considerably reduces any less than honest site@gigs room to manoeuvre. It is also more
likely that errors in quantities, negligence andré&dessness” will be detected.

The risk of large-scale irregularities occurringiiso considerably reduced since there are
considerably fewer items that cannot be verifidte iumber of non-verifiable items is re-
duced from sometimes thousands to just a few. Mtsstion will also be paid to “non-
verifiable” items since they consist of the actestthat are most essential in the quality assur-
ance system. Another restrained factor in addigdhat it normally needs several involved
people to perpetrate irregularities.

However, it must be pointed out that since onlgw ftems’ quantities can be increased, the
risk of detection is considerably greater. In or@erit to be significant and have a sufficiently
interesting effect on price and profitability, artiease in quantity for just one item or another
should lead to a deviation that is detected incthese of continuous process control and veri-
fication. A more detailed check will then be mageriernal auditors or by other staff not
involved in the project or its management.

7.5 Project management

75.1 Introduction

The project management referred to here, concelimaited road projects in the form of new
construction, improvement and value-adding maimeaaProject management of other
measures in the road network are in this contexsidered to be operation. There are indica-
tions of serious shortcomings in the routines atdisposal of the heavily loaded project man-
ager with or without the applicable regulatory feamork and routines being followed. The
following extract from an audit repdit helps us appreciate the situation:

“There are indications that suppliers are givendog¢erms than agreed in contracts and
that different levels of assessment exist for aipglyines/deductions without any spe-
cial reason for doing so.”

In the same audit report we can also read that:

“The project manager is often the only person englojects with significant authority
and great responsibility and often makes decisatnagit changes, additional and can-
celled work, settlements and fines, and to makeobmake deductions for quality defi-
ciencies on the basis of his own competence artbuitany significant insight from or
verification by anyone else.”

All in all, this shows that internal control is eoplem in the present way of working and the
contract structure in use.

7.5.2  Problem overview, general

Several of the problems touched upon in the foragare perhaps most serious in the project
management itself and the administration of thg¢ggots. The project manager is overbur-

22 AL 60A 2008:3475, Internal audit of managementiminges, additions and deficiencies in road prejedt
60A 2007:20510

160



dened with tasks as a result of the constructioiraots for which he or she is responsible. A
project manager can be responsible for a majoeptaeyith thousands of adjustable quanti-
ties. Another example is where the project managersponsible for perhaps more than fif-
teen smallish projects with a combined total ofesael/thousand adjustable quantities. In both
cases, the project manager is responsible forat grany negotiations or agreements with the
respective contractors.

The project manager generally has some form ofieaheducation. His or her competence
and interest are therefore more focused on qualityes and technical/practical solutions in
production than on administration. Many are thggmbmanagers who over the years have
complained loudly about the administrative burdéonetheless, administrative work is given
highest priority since it affects the project magdgrelationship with his or her immediate
superiors, including questions about the orgamieaticonfidence and trust and the person’s
reputation.

In issues concerning incentives, internal informtinternal control, cost increases, forecasts
and invoicing on account, the project managerescémtral figure. Despite the fact that defi-
ciencies, weaknesses and problems with regarcesethissues” largely depend on the way of
working and the prevailing cost structure, the @comanager is regrettably the person upon
whom suspicion of irregularity is cast when costsedop “abnormally”. The project manager
should instead be regarded today as a “victim” vghforced to work with inappropriate in-
centives and in procedures with unsatisfactoryriaiecontrol.

7.5.3 Commentson general problemsin project management

It is management’s responsibility to eliminate sigiad problems in the organisation and
oversee internal control in an efficient mannerc®©implemented, the TAM concept leads to
changes in the project manager’s work and vulnerpbsition. However, the project manager
will continue to alone have extensive responsiptlilgether with authorisation to make deci-
sions. A great many project risks can on the dtlaed be reduced and internal control con-
siderably improved in many areas. The differenbas dare most clearly noticeable if the

TAM concept is introduced are that

- the project manager is given more time to contrelquality and function issues that are
critical to the project, but also for informationdainteraction inside and outside the or-
ganisation by

- the number of negotiations and agreements on adljiestjuantities being radically
reduced from thousands to at most about fifty inagor project,

- the project manager being for example able to mar the project at the end of
each month together with the contractor (sometipeglaps together with one or
more other people) and jointly determine what iabie and at the same time dis-
cuss (document) quality issues, problems, measume@®ther things,

- the invoice in this way containing all the necegsaformation for the client’s fi-
nancial follow-up and verification with basic infoation for computerised fore-
casts and analyses of deviations divided by cadesesndent on time, quantity, and
unit price,
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- the project manager being able to comment upoodh®uterised forecasts and
analyses, e.g. with information about discussioitls thie contractor about quality
issues, problems, measures and other things whbkaraing the invoice,

- almost all quantities being able to be measurdahasallows in the knowledge that
they will be verified before the final inspectiomhen the as-built drawings will be
revised by the contractor in a format that at e time constitutes input data to
the road and traffic data bank (RDB),

- the project manager also has more time when desisice to be made about changes,
additions and cancellations, settlements, finescamdequences of quality deficiencies,

- the project manager is given clear responsibititythe final financial report (input data
for booking of assets) and verification of the sex as-built drawings (input data to the
RDB). In the final report, both client and conti@cattest each component type’s status.
This means that all financial transactions haveegibeen finally settled between the
parties and that only the warranty period remaoriset agreed or that issues remain to
be resolved. Not until the as-built drawings hagerbapproved and the final report
signed is the final invoice paid.

The financial significance of the problems arismg of incentives, lack of internal informa-
tion and the basis of the negotiations is reduBeth parties know that it is largely only cor-
rect verifiable quantities that have any significafior what the contractor can invoice. The
project management function becomes more strucamddransparent. Invoicing on account
can cease. Allocations to periods and forecastsofmt projects will be basically handled in
the same way throughout the organisation. Inforomagibout the projects is relevant and leads
to better quality in control and monitoring. Théao doubt that internal control is consid-
erably improved by the TAM concept and that suspi@f irregularity can no longer be cast
upon project and construction managers since tlwl t@ mandatory routines.

7.6 Accounting and reporting

76.1 Genera

The Internal Audit department again take up shoniogs in accounting in the board-
approved audit project “Transparency in ContfSI{later renamed “Transparency in Ac-
counting”). Their conclusion is “that internal coositand monitoring in respect of reporting
performance, road capital and consumption of ap@bpns is unsatisfactory.” They note the
following:

“If the people responsible judge certain informatio be so important that the organisa-
tion is burdened with planning, booking and follagyiup this information, it is also im-
portant to secure high quality of the informatibrough clear instructions and defini-
tions and properly functioning internal controlh®twise, there is a risk that the infor-
mation will not be reliable, which may lead to esrin reporting and wrong decisions.

2 AL 60A 2008:3475, Transparency in control, AL 62807:12067
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The aim of the audit is to assess transparendyeiSNRA’s reporting of performance
and financial codes as regards the linkage betweshcapital and appropriations (let-
ters of appropriation and long-term plans) andaghgropriations’ distribution among
investment, operation & maintenance and bearingagp

The SNRA has a complex financial model with mampetisions and accounting con-
cepts that have been added over the years as @iomrequirements have increased
and other changes have taken place. KnowledgedfrtAncial model and its compo-
nents varies for many staff both centrally anchim itegions but in our assessment there
is no-one who has full knowledge of the model, udahg everything from planning, ac-
counting and financial systems to follow-ups areldhnual accounts, and who can as-
sess the consequences of different changes.”

The board*share the risk assessment as regards the neediéie and correct reporting,
“Inadequate transparency in reporting of operatiarthe financial model, among other
things as regards installations”, and that the mes#ds to be avoided.

7.6.2  Problem overview, general

The fact that today’s accounting of assets in inathllations cannot be used for control,
monitoring and reporting of road management isoblem. It is impossible, for example, to
see road management’s costs, life cycle costsnatiftnal changes in value over the year.
One indication of the need to correct the inforomain the accounting system are the recur-
rent maintenance backlog figures, which unfortuiydeek credibility. The information is
compiled separately outside of the accounts. Iit#se of some road component types, us-
able information for control and monitoring comesnh unrelated technical administration
systems.

“Best available knowledge” of components’ physitalction and deficiencies is highly de-
tailed and contains technical concepts and anatysg¢sre difficult to grasp. The require-
ments stipulated in the transport policy regardiagioeconomic efficiency and customer fo-
cus further complicate continuous control and nwimny. The complexity of these aspects is
not structured to allow “best available knowledtebe used for reporting and supplying
user-friendly, relevant information. The low ambits in the accounting system mainly con-
sist of verifying deviations against budget andrapgations granted and producing a “clean”
audit report.

However, we can now see with some satisfactionitib@test has again been aroused in the
Internal Audit department’s old opinion that higiiadjty information about the road capital
should be used in order to achieve better controhitoring and reporting of road manage-
ment itself.

7.6.3 Commentson general problemsin accounting and reporting

The internal quality-related accounting of roaditaps systematic and transparent. Internal
control in routines is subject to the same quatyuirements as the external accounting. The
information is based on “best available technical financial knowledge” and the starting

4 The SNRA's operations analysis for 2009 — Riskard opportunities regarding internal control arshitor-
ing at the agency, HKe, AL 10A 2009:21387, 27 M@9p2, Borlange
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point is the requirements in the transport polegarding socioeconomic efficiency and cus-
tomers’ expectations.

The road capital accounts can provide up-to-dasebaformation about the road capital and
its consumption costs (standard value with diffetgpes of standard deficiencies, replace-
ment value, condition value and remaining consupmptnargin). The accounts can also pro-
vide information about changes in capital distrdaliby index adjustments, value-adding
maintenance, improvement, new construction andwuopton costs, and about the effects of
rectifying deficiencies in standard. The informatexists for all components in the entire
road network but its quality varies. Quality cectittion of data about acquisition value exists
for all components.

In addition to the basic information already menéd, there are figures for accumulated
quality deficiency costs, inefficiencies, maintecamacklog and the road capital’s future
funding needs. Components can be identified aratéatin the road network and information
can also be verified by physical inspection. Afbimation can be obtained for different
components aggregated over e.g. roads, road nebmorkegions, and for any average annual
daily traffic, and/or supplying contractor.

Road sections can be homogenised in respect ofghtdse attributes in the road and traffic
data bank and the PMS administration system. Adoespg-to-date information about the
road network may also be of importance as regad®al tasks and exercise of authority. In
the TAM concept information about components’ poss, condition, deficiencies and the
effects of measures is based on “best availablateal knowledge”. The TAM concept cre-
ates order in the road installations and their camepts — an order that many people in the
SNRA'’s regional organisation have been asking flang time. The increase in the number
of component types that the concept requires gelgrachieved by making today’s voluntary
component types mandatory. This gives road managieaceess to a database common to
the whole organisation with considerably greatdeptial for use than the present one.

Since the quality-related accounting of road cjstlinked to internal accounting, the qual-
ity requirements will also automatically be higlethe procedures for technical reporting.
Special verifications and authorisations will beded to make changes in the road data. A
change in a component’s information in the RDB rhighd to a financial event in internal
accounting. Many of these events will be handleddayputer, so the verification routines
will need to be secured.

Quality-related internal accounting according t® TAM concept can thus provide a basis for
continuous control, monitoring and follow-up of ogons. It can also provide a basis for
notes in the annual report’s balance sheet andriaciatement and for the statement of op-
erations. The maintenance backlog is calculateéddrsystem by component and in total. An
assessment can also be made of financing the aliilmmof the backlog, partly in terms of the
authority’s own potential for increased efficieranyd partly in terms of the need for external
funding. It is also possible, for example in taldesl maps, to present values, deficiencies in
standard and condition, index adjustments, growtha@nsumption for the different compo-
nent types and the total road capital.
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7.7 Concluding comments

The SNRA's operations analysis for 208@mong other things takes up the following “very
serious risks”, which have all remained since 200Drackets):

- Deficient risk analyses of the road network leathtmlequate risk management
(5.2.2.1)

- Dimensioning of road installations is not suffidigrrisk-based, which increases the
likelihood of deficiencies. This has been particylhighlighted due to climate changes
(5.3.1.7)

- Inadequate detour networks lead to socioeconorsgely e.g. the Essingeleden motor-
way and the Tingstad tunnel (5.3.2.2)

- Insufficient transparency in the reporting of opieras in the financial model, among
other things as regards installations (not, howeaweted in the 2007 operations analy-
sis)

Efforts to reduce the risks in the first threelwte points may have been made over the years
but the risks are still considered to be “very@asi’. In the TAM concept this type of defi-
ciency is documented as soon as it is identifidéek documentation contains details of meas-
ures’ costs and effects for road-users and sociéty.different types of standard deficiency

are registered in the RDB together with their lawa in the road network. They can then be
listed, analysed and presented in tables and rapse the accounting is transparent and eas-
ily accessible to everyone, many people can cari&ibo pointing out deficiencies and risks

in the transport system.

The fourth “very serious risk” is fully eliminatdsy quality-related accounting of road capital.
Control of road installations’ deficiencies in stand and condition, remaining deficiencies,
the year's consumption of road capital, the costliofhese, and measures carried out during
the year are reported quite transparently andiabhf. Since the information is based on
“best available knowledge” and the requirementtheftransport policy, it is directly usable

in continuous control, monitoring and reporting.

The application of control limits enables deviation the form of successful and less success-
ful road management to be quickly identified andlgsed. Rapid detection prevents repeti-
tion of errors while good practices can be copiedughout the organisation. Measurable
targets can be set for productivity improvements fafiowed up continuously.

Maintenance backlog can be identified and calcdlpgr component within the system. The
remaining consumption margin is known for every poment, as is annual consumption,
making it possible to forecast measures in the foffmeplacement and reconstruction with
good accuracy. The annual funding needed to maititai quality of the road network can
also be calculated. It is also possible to usesyiséem to calculate the quality deficiency costs
distributed by poor road management decisions asdtisfactory component quality. All
information can be presented by supplier (contraetod used to improve business profes-
sionalism.

25 AL 10A 2009:21387
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8 IMPLEMENTATION OF CONDITION-RELATED ACCOUNTING

8.1 Background and purpose

In 1994, after a thorough review by external expétte Director-Generabf the Swedish
National Road Administration (SNRA) at the time kdbe decision to adopt the condition-
related accounting method proposed by the autf®iityernal Audit department. It was
never implemented, however, primarily due to charigghe SNRA’s management in spring
2005. The TAM concept was therefore not even coptatad during more than ten years of
road management. In the mid-2000s, during a \asNdrway, the Director-Generaivas

made aware of better possibilities to communicasel management’s needs in terms of road
capital to the politicians. The Ministry of IndugtEmployment and Communications had by
then already conducted a study of the TAM concegtgdition-related accounting, which
showed that information about road capital in thedition-related accounts is more
appropriate for control and monitoring than theresponding information in the external
accounts.

The work of drawing up documents for a projectnipliement condition-related accounting
began in September 208@n 2007, the Director-General officially commissed the
implementation of condition-related accounting ipreject’, and has also formally approved
the project directivé dated 16 May 2007. The project directive statas e licentiate thesis,
the study conducted by the Ministry of Industry, ffayment and Communications and the
SNRA's report shall together constitute the fouratafor the implementation. The project
directive further states that the projects shalehaeen concluded by 2010.

Due to illness, a new project manager was appoint2@08. The project lost pace and was
put on the back burner until the new project manege team took over in autumn 2008. The
new project manager also had other high-priorisigasnents relating to the ongoing
planning of measures in the long-term plan for 220Q0. After the new project management
team took over, some basic issues began to besdisdwagain. Our focus turned more and
more to completing this thesis and attendance, tmang and involvement in the
implementation project declined and finally ceased.

What is reported here concerning the implementgiroject comprises the period from
September 2006 up to the change of project managgsuwenmer 2008). The purpose of the

! per Anders Ortendahl, (PhD (Economics), (DG fro8?Lé 1995)

2 Ingemar Skogd, BSc (Econ), (DG from 2001 to 2009)

% The IA model is described in a licentiate the$ise case study conducted by the Ministry of Enteepr
Energy and Communications in 2004 (engaged comgalt®hrlings PriceWaterhouseCoopers) at the SNRA
and the National Road Administration is primarigsked on the IR model. The SNRA's final report & game
study, but slightly extended, was presented in 200ing 2006 another preliminary study also conéid that
the model prerequisites from 1992 still apply agards information in existing administrative syssemmd that
they can still be used for calculating conditiofated values of road capital. Using standard valins
preliminary study estimated that the road capitaigacement value probably totals between 315386d
billion SEK. In other contexts, values of betwe®® @&nd 1,000 billion SEK have been given..

* According to the directive, the concept will to tesed on the licentiate thesis A model for quatiated
valuation and accounting of road capital, Berths3on, KTH, Stockholm, 2005, Vardering av vagar och
jarnvagar, (Valuation of roads and railways) Ohg#irPriceWaterhouseCoopers, Stockholm, 2004 and
Slutrapport Invardering av vagkapital, (Final Repm Value Determination and Booking of Road Calpit
SNRA, Borlénge, 2005

® EK 10A 2007:2151
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chapter is to follow the implementation during timsoductory phase of the project and
present some of the most important problems araigissons.

8.2 About the project in general
8.2.1 The problem description in the project diteve
The problem description is given below as it isriatated in the project directive:

“The SNRA today systematically describes conditlenelopment in the road network in
several respects, e.g. as regards bridges and patemnd has special management
systems for this. What is lacking, on the otherchama complete picture of the road
network’s collective condition. Such a measure maniably not be expressed in a
convincing manner other than in financial terms.

One problem, according to the Ministry of Industmployment and Communications, is
that the basis for decision that the GovernmentRartlament receive today lacks clear,
measurable, monitorable parameters that can catestitbasis for systematic follow-ups
and prioritisation of measures. Nor is there agti@nship between condition, how it
changes over time, and the need for investmentraidtenance measures.

The SNRA's termmaintenance backlognd the calculation of its magnitude have not
always been able to be communicated to the Governamel Parliament in a constructive
manner.”

The SNRA thus has problems communicating intelljgiath the “owner” about the road
network’s functional condition and the physical s@&s currently needed. It is moreover
difficult to measure and follow up for example wihadintenance in road management has
meant and where the maintenance backlog is andthws been calculated (according to a
report to the Government by the National Road arahdport Research Institute (VT))

8.2.2  Purpose of and expectations from the projec

The project shall have implemented a model for d@mmdrelated accounting of road capital
by 2009 at the latest. This will then allow the SN® provide the Government and
Parliament with financial feedback that reflectauatcondition and the linkage between
appropriations consumed, condition and funding sdwtter than today. The project directive
states that: “The road capital model that is based collateral calculation system that
retrieves information from the SNRA'’s internal agnts, among other sources, will for
example clearly show a falling value of road instabns if necessary maintenance measures
are not carried out.”

It also details expectations that “Knowledge of vh&ie of the road capital and how it
changes from year to year will create new poss#slifor comparing regions, counties and
areas”. The directive also states elsewhere thmapadsons will also be able to be made

® Gudrun Oberg, Mats Wiklund, Jan-Eric Nilsson, Giaring av Vagverkets och Banverkets forslag tilitsi
och underhallsstrategier, VTI-rapport 492-2003 kijiping, augusti 2003 (Review of the National Road
Administration’s and the National Rail Administi@tis proposed operations and maintenance straje§i€s
(the National Road and Transport Research Ins}iRéport no. 492-2003, Linkdping, August 2003)
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between municipalities, areas and, for examplejgedth a certain type of traffic. The
information referred to concerns changed condii@es of the entire road capital over time
including retroactively valued and added conditioffse information also includes growth
and consumption of road capital. The directiveestdélhat “condition-related values of the
road capital and changes in the values will beuthet! in the SNRA’s annual report”.

The directive further states that the road capitadlel’s business economics approach will
lead to “increased efficiency in the SNRA’s admiirdtion of the assets that the road capital
represents”. The SNRA'’s credibility is expectedntcrease generally. The model’s
information should also lead to better resouraecalion/distribution by the Government and
Parliament between the infrastructure agenciesadiiih the SNRA.

8.2.3  The scope of the project

The directive states that the road capital modall sbmprise the entire state-administered
road network and that values must be able to h&aephysically. Valuations “shall as far as
possible be based on actual acquisition valuesakmithe fact that the road’s different
components have varying lives”.

The implementation project is delimited to compfisgstem design, value determination and
booking, capital growth and capital consumptiortwupnd including 2009. The project will
initiate the implementation and commissioning afqadures for future reporting of road
capital including administration”. The project cenas these three parts of the model, i.e.
“retroactive value determination and booking”, “ttapgrowth” and “capital consumption”.

Retroactive value determination and booking of roadital comprises the work of taking up
the components in the existing road network astas€emponent data, termed phenomena in
the present road and traffic data bank (RDB), dteljuality controlled, corrected and if
necessary added to. Standard values and constryctioess indexes per component type are
to be drawn up. All components will then be supmatad with their year of acquisition and a
historical acquisition price calculated using staddvalues.

Capital growthcomprises the work of arranging the prerequisgeshat component data can
be captured in road projects concerning new coctsbny improvement, and permanent
maintenance.

Expenditure figures will be captured via the fin@haccounting systems in Agresso. A
minimum requirement is that road projects can @elhoth the total contract sum divided by
the component types that occur and the revisedidtsdbawings in digital form when the

final invoice is submitted. It must also be possital carry out the model’s index adjustments
to current prices by computer.

Capital consumptiomomprises the work of determining as realistieduction in value as
possible for each component by computer via a numibeaepreciation models where each
component uses a model. Condition data for pavesreamt be retrieved from the Pavement
Management System (PMS) and for bridges, tunntdsfrem the Bridge and Tunnel
Management system (BaTMan). Condition data forrotbenponent types will be retrieved
for example from the road maintenance administeagiisstem (RMD). The majority of
component types, with a total value equivalentaprax. 20% of the road capital, will have
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their reduction in value based on their assess#uhieal life according to “best available
knowledge”.

It has been determined that “the SNRA'’s balancetstentains approx. 12,000 objects
constructed after 1954 with a total value of app®&K 90 billion.” The value of the road
installations in the balance sheet can be compaithdhe replacement value of SEK 900
billion for the entire state-administered road raky Actual maintenance is carries out on all
components on all 98,000 km of the road networle @tst of the implementation project can
be put in relation to the magnitude of the replagenvalue of the entire road capital. The
project’s costs can also be related to the neemhformation to underpin effective resource
allocation or the administration of capital witHléov-ups, monitoring and reporting.

8.2.4  The project’s finances

The implementation project has a budget of SEKn&ilbon for 2007, 14.0 million for 2008
and 12.0 million for 2009. These amounts includetreé and regional costs in respect of

- project administration with a description of thesic model,

- drawing up a requirement specification,

- apreliminary study of the RDB with a handbo@sdribing the retroactive value
determination and booking,

- drawing up the necessary unit prices and coctsbruprice indexes

- system capability for handling retroactive vatietermination and booking, capital
growth and capital consumption,

- setting up computer access to 1) financial dafsgresso, 2) component data etc in the
RDB and 3) condition data etc in PMS, BaTMan areRIMD.

A revised rough assessment of the total cost wesepted on 16 June 2008, together with the
model’s annual administrative costs including operaand data capture.

- Development of TRAV SEK 21 million
- Inventorying for RDB SEK 8 million
- Administration of TRAV SEK 7 million/yr
- Data capture and maintenance, total SEK 13 milio

- of which the cost in respect of RDB data is SEK 8 million/yr

- and the cost of the project manager’'s/conbracextra tasks is  SEK 5 million/yr

There is a conviction that the information from tdwndition-related internal accounting will
make road management more effective but no berefite yet been assessed.

8.2.5 Comments on the project directive

The following comments can be made concerning thgegt directive:

A. First of all, the implementation does not in@utiose parts of the quality-related
accounting that concern standard deficiencies #rdts. The project is delimited to the

condition-related accounting.

B. The project does not state whether the modatésnded to support control, monitoring and
analyses of the road management process. Howeigddes not exclude a stepwise
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development of quality-related accounting in acaak with all the possibilities that the
TAM concept offers. It should be mentioned herd #iter extensive discussions important
parts of the model have nonetheless come to bedsyed in TRAV.

C. The differences in opinion between differentypla within the SNRA can be discerned
already in the chapter in the directive that oetiits purpose. At that early stage, when the
directive was drawn up, the conflicts were resoltredugh the rider, that the economist
responsible demanded, viz. that the accountinguishioe based on a collateral calculation
system that retrieves information from the SNRA®nal accounts, among other sources”.
For the SNRA'’s economists, this rider about “aatelfal calculation system” was an absolute
necessity.

D. It was clear very early on to the project’s wingkgroup that the schedule in the project
directive was too short. No action has been takendctify this.

With the support of the project’s steering comneittthe project client caused considerable
delays almost from the outset. Several time-consgradditional demands were thrown in
from the very beginning. For example, at one ofvey first meetings it was demanded that
the project should describe in detail final restlitst the project was intended to solve —
before the work had even begun. Another examplegisissues that have already been dealt
with, accepted and decided upon, have been braygtine and again. Yet another that
alternatives to components as cost bearers havedis®issed. These examples of the
steering committee’s behaviour have created digamcertainties and delays in the project.

8.2.6 Risk analysis

Early on in the project, a workshop was conducteidéntify risks that the project was to
identify and handle. The expectation was that tiegept’'s working group would study the
results from the workshop and quickly draw up atoaglan to deal with any risks that were
considered serious. A risk assessed as “serious’defined as the following combination:
“Serious effect on the ultimate objective” and “Higrobability of the risk being realised”
Such a “serious risk” exists in respect of thedaihg events, factors or issues:

that the linkage to the external accounting migaetiwith legal obstacles,

that the present accounting model may prove tanbebatacle to a road capital model,

that the achievements in the external accountirgihtiot be possible to use in a road

capital model,

that the quality of the data in the RDB might bsuificient,

that any delay in the system design work will makenpossible to keep to schedule,

that the user group’s levels of ambition are notexdly described,

that the road capital model is too detailed,

that the deliveries will not be made and/or that¢hare too many sources of error,

that different systems provide different data foe same things, to the detriment of

verification and credibility,

10. that deficient descriptions of user’s needs wildd¢o poor user-friendliness and/or
intelligibility,

11. that the road capital model is not explained tousers sufficiently well,

12. that the system cannot sufficiently motivate peapldeliver input data of good quality,

wp e
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" According to the same model as in traditional \éuétbility analyses with a focus on the consequehe
event
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13. that competence is insufficient to produce an igffitsystem design and system
architecture.

The risks and problems assessed as significaheianalysis and on later occasions are
divided into two groups according to their caugeg@position within the organisation and b)
technical difficulties. The thirteen “serious” riskn the analysis belong to the technical
difficulties group.

8.3 Comments on opposition from within the organisation

In development projects it is normal to have stroga) user representatives in a steering
committee that can make interpretations and asssggsron the basis of a user perspective
and various use cases as the project progressei® Ware weak user representatives on this
project’s steering committee out of a process tsge. The steering committee’s
economists and technicians made their own inteapogis of the directive very early and had
their own expectations regarding the project’s ltesDiscussions that have arisen have in
general therefore not been able to be based onlkdger of the control and monitoring that
the model supports. The discussions have sometieselied in agreement on decisions like
“common sense should prevail”.

Somewhat incisively expressed, the project will detelop solutions that run counter to
“‘common sense”. Without needing to understand thiy wf the model or what the idea of

the TAM concept is, this type of wording leavespen for everyone to make their own
interpretation of what constitutes “common sen3&ke steering committee also declared
early on that decisions and opinions might be exl/ihe experienced project manager was
perturbed at the project’s prerequisites. In “ndfmeojects a subsequent activity can be
based upon a decision made earlier. Uncertaintytahe prerequisites was strengthened by
the steering committee also initiating new appreadhat came to have a drastic affect on the
work already being done by the working groups.

An example of a new approach was when the workingmshould investigate possibilities
to divide Sweden into a grid to which informatidsoat roads and finances would be
assigned. Existing information about roads and muei components can be found in the
RDB. The information was not intended to be usetthénsystem but the financial data would
be assigned to the relevant squares in the gridthm example of a task for the working
group is to search around the world for an existingctioning road capital model with a road
and traffic data bank and an administration syst&inthe SNRA, the general opinion is that
the Swedish IT solutions for the RDB, PMS and BafhMee technically speaking the best in
the world. This opinion is based on experiencegginom extensive international contact in
various networks and collaborations. An externaistitant was commissioned to conduct a
situation analysi& Nothing new was brought to light compared to wtwat be found in my
licentiate thesis from 2005.

Another task that was laid upon the working growgswo describe the benefit of the model in
different activities and operations — something tharinciple should be done by the client.
Here, the steering committee is looking for solusido details that the project is intended to

8 Johanna Dillén, Stina Hedstrém, Susanne Nielsewgiard, Report Road Asset Management Benchmarking
Study, WSP Analysis & Strategy, Stockholm 2008
® Berth Jonsson, A model for quality-related valomatand accounting of road capital, KTH, Stockhd®05
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solve before the work proper has even begun. Ttietsgls were not critical to the
implementation and it was known from the very bamg that opinions would differ. A

logical approach is for experts in the field todien the opportunity to prepare the issues
before any principles are established, since cildgibased on “best available knowledge” is
a solid quality concept. The problem with “commemse” as a the starting point is that it
leaves too much room for decision-makers’ own apisiand general knowledge instead of
detailed knowledge, knowledge of the organisati@evities and operations and experience,
and above all a sound holistic view of road managgniThe steering committee therefore
constitute a significant risk as regards the systemality.

The client’s lack of experience of the road managi@process may be considered to be the
foremost explanation for the steering committe@'santainty and their various proposals and
demands. At the same time, it must be regardechasléhy sign that people in positions of
responsibility who do not have sufficient knowledggrocesses and problems are unwilling
to take binding decisions on something that isfulbt clear to them. The project’s situation
has been troublesome but is probably not at atjusiThe project’s critical success factor,
acceptance of a sufficiently long implementatiorigetand sufficient resources for
development, will therefore be strongly dependenthe client’'s competence, attitude and
creative ability.

84 Comments on technical difficulties
8.4.1 Comments on the risk analysis
Comments on risks 1, 2 and 3.

No legal obstacles have been found during the ecnirthe project’s review of prerequisites.
It also became clear that the present accountirdehtnes not constitute any obstacle to a
road capital model. However, it is important the ainalysis work continue for example
investigating in detail what will be required okttinteraction between the different types of
accounting.

At the first meeting with the client it was emplsesl that the present performance structure of
the accounting would not be affected. This meaasttie structure needs to be expanded. The
performance structure contains, for example, alfdigision of the road network, which is

not needed in the road capital model, where the RE&xible data extraction programme

will be able to be used. The performance strudtasebeen severely criticised by road
management users and some adjustment would probahlgry welcome. The present
performance structure, however, does not constntebstacle to an implementation of the
road capital model but it would be surprising ifattempt were made to simplify the structure
in connection with the implementation.

No new circumstances have arisen in respect dirftehree risks since the beginning of the
1990s. Nor has anyone hitherto found any obstadl@plementing the road capital model.

Comments on risks 4, 8 and 12.

A closer look at typical problems associated wisks 4, 8 and 12 gives rise to the following
comments.
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- The project’s acquisition value is incorrect

Any expenditure at all can in principle be includeithout detection in a project today, as
long as all concerned are in agreement. The figares ot used because everyone knows that
they are misleading. The road capital model redtluiegisk factor, since all expenditure in
the road project must be accounted by componest(ipgluding any extraneous and
incorrect data). Unreasonable values are detegtétuebsystem’s plausibility checks via
actual quantities and contracted unit price pergamant type (especially if Knl is applied).
The risk factor is reduced because 1) data carebied by the system in several ways, 2)
actual quantities in most cases can be verifia laind 3) value items are not appreciably
affected by negotiations or agreements. Figurdsheibhble to be scrutinised in the external
audit and independent inspections. Since the gualithe information is of importance for
the measures that are planned and the budgetathdtecobtained, a local motive exists to
achieve high quality in the handling of input ddfaa component is missing in the RDB it
will not need a maintenance budget.

- Quality deficiency costs

These are almost impossible to detect or makelgisi® things stand. This means that
deficiencies in underlying information are not dissed or acted upon either. They will in
future be highly visible and possible to use aasidfor learning and improvements. If, for
example, deficiencies exist in the underlying infation, these too will be detected,
discussed and improved in “open accounting in tB8R Deficiency costs that are due to
delivery errors and careless manual handling o dait be able to be detected. All financial
data is accounted at component level and it ithiieat checks are made. Minor errors,
however, will be difficult to detect when they dotrhead to deviations outside the monitoring
and control limits that have been set.

- The road management cost

This is not known today and can therefore not yaed and discussed. Instead, the
knowledge substitute “maintenance backlog” is regab+ information that does not have any
great credibility either inside or outside the SNRthe future they will be subject to
benchmarking, by means of which erroneous undeglyiformation may be detected to a
great extent. The road management cost will beecoend details of the “maintenance
backlog” will be able to be retrieved from the aaeting by computer and in a uniform, more
credible manner.

Comments on risks 5, 6, 7 and 9.

5: The schedule has been questioned from the duiseib corrections have been made.

6: The user groups’ levels of ambition are not kndwcause no users have been identified in
the present organisation. It is therefore a matteirgency that prospective users be involved
in the project.

7: The road capital model has been considered toddetailed since 1992. It was also the

issue that the members of the implementation prsj@a®rking group first concerned
themselves with. In every discussion and review tive years, the issue has resulted in
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completely insignificant corrections to the lista@fmponent types that has existed since the
first proposal. The only apparent difference id thea number of component types has
increased from the original 32 to the present Jver& was, however, a subdivision into a
number of component attributes. Today, the worljraup wants a “1 to 1” relationship
between component types (phenomena) in the diffeyetems. The number will then
increase to 54, since the elimination of an attelwill give a new component type. The
working group is in all essentials agreed thatathponent types are needed. Only marginal
differences in opinion exist between the projentambers. Opinions may change a little
during the course of the project.

9: Input data for the road capital model must keedaon “best available knowledge” and
actual expenditure and costs. The system havingeakequality information will supply the
data. Data from the road capital model will takegedence and describe “the truth about the
road capital”. Today there can exist several “stuflor one and the same item, calculated
using standard values, based on random sampleeraj knowledge. The road capital
model allows information to be produced from altlirsive data instead of from random
samples.

Comments on risks 10 and 11.

These are important points! Great effort must idrdo manuals and training. No good
descriptions exist at present and there is no kneguivalent system on which to test user-
friendliness and pedagogics. These aspects muakér into consideration early on in the
implementation project in the same way as a nurabfrture users should be brought into
the project so that they can influence accesstifdaanalyses and reports. The prospective
users should also be involved in the final desifgthe manuals and the training.

Comments on risk 13.

This must not be allowed to remain as a risk. Angolepetence exists at the SNRA and there
are external resources, so the risk must be caesideore as a lack of financial resources.
Good quality data and systems exist and it mugtdssible to transfer data between the
SNRA'’s existing systems. Otherwise, an effort widhetheless be made to increase the
systems’ flexibility and usability.

8.4.2 The model's component types

No question has been discussed as often and fongss that of the number of component
types. The matter was discussed in depth as lomgd992-1994. The working group was
also of the opinion to begin with that there toangnaEconomists are used to using rough
standard figures for road types such as motorwgysetre roads, gravel roads, etc. In the
accounts, expenditure and costs are assigned tmthesponding rough division via
performance. Administrators of individual comporsrior example individual bridges
(component typ8ridgeg have financial data of varying quality at thedkuf structural
elements (e.g. edge girders). The administratigéesys contain quantities of technical and
financial information for each individual componeninformation about its present condition,
need for measures to be taken, deadline for caygin the measures, the types of measures
and the cost. The information constitutes a basiagsessing financial needs in time and
magnitude in order to carry out the planned measure
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Physically identifiable components with “best agble knowledge” of their current

condition, deficiencies and cost of applying measwiready exist for the equivalent of 80%
of the entire replacement value of the road capiiaé remaining approximately 20% consists
of a quantity of different component types with gdetely different technical service lives.

The question now concerns what knowledge a roachgeamust have of the road capital, the
cost of road management, of customer-driven neechéasures and the business transactions
and construction contracts that concern the ropdata

Division into component types is one of the linatgof the road capital model. Each
component type has a life cycle with its own degtaxh process. When the road capital has
been valued in and registered at component levelcomponents will thereafter constitute
bearers of, for example, information about finaheigents such as growth and consumption.

Three main criteria have been formulated for wihairacterises a component type in respect
of need for effective control, monitoring, follovgrup, analysis and reporting. The main
criteria for a component type are that the occwesmust have 1) clearly stated quantities
and be physically identifiable, 2) a consumptionleyor the type in question and/or length of
life, and 3) a significant value, at least in tpfal all occurrences of the component type.

There are also other factors that can indicater@ooent type, e.g. that there are 4) quality
requirements regarding upkeep and condition, Bpdly existing phenomena in the RDB, 6)
significant upkeep costs and/or other needs to k@ej of the component occurrence in the
basic operation package and/or 7) a great need &ble to visualise occurrences in
benchmarking or LCC, cost driver, productivity/eféincy analyses, etc.

According to 5) above, one of the factors that sufgoa component group in its own right is
as far as possible to use both existing itemsarRBB with its phenomena and the structures
in the PMS and BaTMan administrative systems. Hoethat a phenomenon type already
exists indicates a need as regards road managefayetral phenomena will be changed from
optional to mandatory in order to create compaitgkidletween regions, roads and road
networks. A few new types such as geotechnicaltooctsons will be added.

When dividing into component types some practidalpdation was necessary in order to
avoid difficulties. In the case of roundaboutsemhanges, bus stops and canalisation
structures, all occurrences of formations, drairgystems, lateral areas, superstructures,
wearing courses, bridges etc. are included in thgt’'s relevant component type for
superstructures etc. On the other hand, when ergsaiection is a part of the bridge
structure, no differentiation is made in BaTMan.

“Normal” culverts are included in the surface watan-off system in the terracing/surface
water run-offs/roadside areas component type. Laeueerts are inspected individually and
are detailed separately in BaTMan. In the casesifareas and foot and cycle paths, bridges
(that are registered under their own component)tgpe not included. Other items like
terracing, superstructures, wearing courses, etkept together in the component types rest
areas and foot and cycle paths respectively.

The working group has conducted several analysssttie the component type issue, e.g.
the total value of the different components.
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8.4.3  Cross-checks between internal and external@mting

The SNRA’s economists have opposed the inclusiaondlition-related accounting in the
internal accounting. They have argued in favouhefvaluation and booking of road capital
being accomplished in a calculation system basextanmdard values. The Director-General,
however, has emphasised the credibility issue lamdéed to use actual expenditures and
costs. The economists have regarded the demanthéabndition-related internal
accounting be able to be cross-checked againsixtieenal accounting as unreasonable and
impossible to accomplish. The different opinionstlogé cross-checking issue have probably
been based on misconceptions.

There is quite naturally nothing against which imss-check information that only exists in
the condition-related accounting in the externabanting. On the other hand, plausibility
assessments can be made for this type of itemrddtemanager should also already have
made corrective adjustments to all the data thabeahandled by computer. In the random
samples that the external auditors later need te@raa a basis for their opinion as to whether
the internal accounting can in all essentials besictered correct, there will be no reason to
find any inexplicable non-conformities.

In the SNRA'’s implementation project it was chosebase retroactively entered acquisition
values on calculated standard values adapted lityresing a number of price control
algorithms. The acquisition years are already knoltre principle for cross-checking or
comparing the value of the internal accounting \iligh external accounting is, within the
framework of the individual investment project, to

1) total all components’ replacement values peheamponent type,

2) convert each component’s replacement valukggtice level of the investment’s
acquisition year using the respective construgbigce indexes so that components with
a more recent date of acquisition in the RDB asggagd an acquisition value
converted for the date of the investment project,

3) compare the sum of all component types’ actioisivalues with the investment
project’s acquisition value in the external accougtvith regard to an reasonable
agreement on the values according to the sameiséttouyear.

For components in a known investment project jfassible to demand complete agreement
when the quality of the data is good and the adtpnsyears agree with the road investment
for all components. If no information is availalaleout an investment project, a plausibility
assessment of the acquisition standard valuesveeliie stated control limits. Maintenance
costs in the external accounting can be verifieadreg the sum of all maintenance items
booked as assets in the internal accounting duin@gear. This type of check should be made
every year for each component type and documentedier to be able to be included in the
following year’s plausibility assessments.

8.5 Eight preliminary studies

Eight preliminary studies were conducted in thgeub(see Appendix 8 for details). The
implementation issues studied were.
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1. Component types in BaTMand how they can be related to the proposed conmpoyEes

in the new model. The necessary adaption turnetbdog rather moderate. “The structures
are inspected continuously at a maximum intervalof/ears and all damage as regards
condition documented. A “fictitious cost of carrgiout measures” is given for each structural
element and totalling the cost of measures for eaalponent type is thus not expected to
present “any major problems”. The “fictitious co$tcarrying out measures” is not equivalent
to the cost of restoring the structural elemeritsteriginal condition. When BaTMan delivers
data to the quality-related accounting the “fiotits cost of the measures” must therefore be
adjusted to the corresponding value that is nogmedéd in operational planning and budgets.

2. Component types in PMBere it was proposed, after a thorough reviethefpros and

cons of each of the two principles, that "the donsinto wearing course components be
defined and described in the road and traffic datek (RDB). Every road is in some way
divided into parts that constitute wearing coursmponents. The division may be done freely
in the way that is judged most appropriate for TRAMormation about the division can be
retrieved to PMS and forecast condition valuesthan be calculated for each respective
component. This makes it possible to create commsrad a given length, e.g. 400 m." It was
also concluded that completeness needs to be imglovthe road and maintenance data
system (VUH), and that the forecast models musebiewed and improved.

3. Other component typesThis also concerned how far data for these carapts could be
retrieved from existing systems and aspects of dgio@ing technical life lengths. In many
cases there are insufficient information aboutadife-length and it was recommended that a
principle of prudence should be applied meaningttelonger of the possible life-length
should be chosen in order not to overestimateakeaf the road system. This was also
believed to increase the credibility of the modetletailed investigation was also made about
which depreciation model according to plane thausthbe used for different components.

The next two studies concerned how other existysgesns should be linked to the accounting
model.

4. Interaction with the road and traffic data bark¥B).
5. Interaction with the AGRESSO accounting system.

The first approach is to test the possibility teddroad objects” as a common concept and
linkage between respective components’ informaiticthe accounting system and the RDB.
The financial information would then be able tolinked to the components’ situations and
other information in the RDB. The preliminary stuglyphasises the importance of stating
who will be responsible for the different linksthre chain early on in the process.

It was unanimously decided that there for instamoeld be no problem or any unreasonable
effort involved in allocating the actual total exypkture for a project to the occurring
component types on the basis of settled, pricedtgies at hand-over time, The revised as-
built drawing, that the contractor already todagh$iged to provide when the project is
handed over to the client, contains most of thermftion about the project’s definitive
component occurrences. It will therefore not bédift to allocate a road project’s total
expenditure to the component types and then todhgonent occurrences in a road object
module linked to invoice processing and the acdograystem.

A routine for this module was also sketched. Alinpmnent types undisputed at hand-over
time are signed by both the contractor and theatiiean official record of what was ready
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for final invoicing. For all occurrences of signeaimponent types the acquisition value and
acquisition date (e.g. the time it was “openedatfit”) are thus ready for registration in the
condition-related internal accounting. As soonhesrevised digital as-built drawing has been
delivered and the final invoice is to be paid, tbenponents’ details are registered in the
internal accounting. Component types that are tbgest of dispute can be registered as
agreements are signed and the invoices accepted.

The implementation project’s ambition is to makejgct control more effective, reduce
contract handling costs, reduce cost increasemjrqis and make data capture more
efficient. This naturally affects present routinedes and systems. The preliminary study had
been expected to give a general picture of theemprences for accounting, routines and
interval control. The indisputably highest accurasyregards components’ acquisition values
is obtained, provided that the priced bills of qités in the contract contain the component
types’ unit prices and that it is the componentsimfities that are adjustable and the basis of
factors.

6. Component types’ unit prices when booked retroalytiVAs described in Appendix 8
several alternatives where investigated and there waiso case studies carried out.

In the chosen alternative the unit prices will béeao be taken directly from information in
the calculation database or similar data sourdes.r&maining unit prices will be calculated
in the same way as in planning contexts, whendhd pbject’s costs are estimated. “Typical”
component types will be “designed” and costed enbisis of the prices in the calculation
database or similar data sources. The work wittdreed out by engineering consultants and
some of the SNRA'’s calculation specialists.

7. Component types’ construction price index. SNitrdady today uses a number of price
indexes and in this study the main question washdnea small number of broader indices
could be used without too much loss in quality.

“With the clear wording that we have in TRAV redgag the importance of separate indexes
for each component type, we have here chosen ag asati/ different indexes. And even
more indexes and/or index combinations are conb&yavhich would then require a
thorough analysis effort to secure greater accutacy

The preliminary study highlights the importanceusing a “correct” index. The rationales
should form frameworks for a more detailed revidundexes. The preliminary study of unit
prices proposes a detailed calculation of unitgsrion the basis of the structure based on the
General Material and Workmanship RecommendatiohdAA The assessment is that the
index issue for the component types is best haridlpdrallel with the work on unit prices. In
this context, it should also be rational to assés® resource types affect the unit prices and
what the proportion of each respective resourges iy of the total unit price.

With high quality work on indexes and regular crobecks between applied index and actual
price development per component type, the priceldgwment should be able to be explained.
Computerised analyses can be made of road manatsmest drivers. Good quality as
regards the proportions of the types of resourgedifferent unit prices will also constitute
good support for analyses of how the constructmmtract market functions competition-
wise. It also gives a good idea of real interegtlle when decisions are to be made about
investment or continued maintenance.
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8. IT-solutions for the condition related accougtof road capital (TRAV). A number of flow
charts and figures were produced to show how diffetypes of data should be handled. The
study also discussed definitions, correction mezssan data, and risks related to changes in
the organizational structure and the surroundirsgesys.

“One fundamental principle is that each operatiaimgéct is created only once in a system,
but is supplemented with information from otherteyss when operational events occur and
that one system is responsible for concluding araimnal object. Other systems will have
access to data through well defined interfacebanes! registered where they can see their
operational view of the objects. This requires thatconcepts (the operational objects) and
their linkages (relations) be well-defined in a eoan cross-system information model.”

8.6 Concluding comments

If the final solution turns out to be that the diint component types’ prices for performance-
based contracts and/or other forms of construcamiract are not given until after the event
as an information item in a final invoice, this Mihve a negative impact on the quality of the
information. The price per component type coulddiber arbitrary — provided that the total

of all the component types’ costs is equal to thallfy settled contract total. The SNRA, that
has an explicit objective to be the world-leadeoperation and maintenance needs to be able
to monitor productivity and price development, atistvers and competition in the market.
There is also a need to identlfgst practiceand bad examples for the learning process. Most
of this could be handled by computer if the perfante-based contracts are based on priced,
adjustable quantities for the component typesérrtiad object in question.

The investment’s acquisition value will also be@atted as an asset in the case of the other
forms of contract and accuracy per component tipels therefore be secured in the same
way. Here, the contractor would also need to pmwdeitails of length of life and life cycle
costs per component type. With the TAM conceps itiiormation can be compiled by the
road manager at the time of the tender evaluatigedormance-based contracts. The form
of the contract would not then involve any sigrafit differences in the tender evaluation
itself.

Data capture and updating have been estimatedst@pprox. SEK 14 million a year in the
implementation project. The price is perceivedraadditional cost for handling the model
with all the old tasks unchanged. If data is cagrluat source using rational methods and its
content can be used directly for the control anditooing of the operations, the net effect
may very well instead be cost reductions. The mieserk duplication will be eliminated. If
procurements, agreements and project control waermore effective in line with the
model’s proposals, the annual cost savings wibidestantial.

A recurrent shortcoming in the implementation &ttthere are no designated users of the data
that the model delivers. At a subsequent stagedriniplementation project, various uses will
be tested.

To most members of the working group, the problémitaining financial information at

component level is “an unsolved issue” where itagrs for the SNRA to decide on the
quality the information will have. The quality Idve specified in the road manager’s order to
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the contractor. The contractors will provide thiimation the client wants — a statement that
is rather obvious but which is nonetheless veribgdne of the major contractors. In theory,
the specification will also determine the magnitofi¢he cost reductions that the road
manager is to achieve. The positive aspect isthigahigher the quality the road manager
chooses, the greater the cost reductions for raathgement.

The question of cross-checks or plausibility agsesds of differences between booked
values in external accounting and condition valogbke quality-related accounting is
probably the result of misunderstandings. The diffiees that can be assessed in a qualified
way are on the one hand the total of all componentsdition values in an investment object
and on the other, the total booked value of theesarad object. The road objects’ condition
value consists of a total of four items per commmentained in the object while the road
object’s booked value consists of two. The comptsietquisition values totalled for the
object must be the same amount as the entire fgadts acquisition value in the external
accounting. This assumes that the acquisition dsdtdse components and the entire
investment object are in agreement. The index &dgst is a separate item while the cost
reduction is applied to both the index-adjustedi@gin one item) and the acquisition value
(in a separate item). The external accounting @esi@ccumulated linear depreciations as an
item in its own right that covers the entire ass&tounted investment object.

It is possible to verify that the acquisition vadusre in agreement even several years after the
acquisition while other items must be analysedtaed plausibility assessed individually. If
deviations are found, it may be necessary to studlyidual component occurrences’ ages,
changes in the form of additions and removalsphjsinvestments made and value-adding
maintenance on one of the road object's componangich cases the plausibility of the
deviations can be assessed as index-adjustedhtdHhzoteplacement values in question and
the historical year of acquisition.

8.7 The future of the implementation project

The Government has made radical changes in thepoanauthorities’ organisations. The
Swedish Transport Agency came into being on 1 Jg2@09, taking over several
responsibilities, including the traffic registrydlarge parts of the SNRA'’s sectoral
responsibility.

On 26 June 2008, the Government decision “to apogpecial investigator to review and
analyse certain operations and functions at agsemtithe transport sector, principally within
the areas of responsibility of the SNRA, the NadidRail Administration, the National
Swedish Administration of Shipping and Navigatitdme Civil Aviation Administration

(LFV), the Swedish Civil Aviation Authority, the Nlanal Public Transport Agency, the
Swedish Institute for Transport and Communicati@nalysis (SIKA), the public enterprise
Swedish State Railways (ASJ) and the Board forBhgpSupport!°

0 Citat frAn SOU 2009:31, Effektiva transporter selmhéllsbyggande — en ny struktur for sjo, lufy véh
jarnvag, 1 april 2009 (Quoted from Swedish Govemin@fficial Report no. 2009:31, Efficient Transpation
and Community Building — a new structure for wager, road and rail, 1 April 2009)
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The question of the formation of a joint Traffic &y has been studied up to 1 April 2009.
The proposal includes setting up a unified Traffgency — a proposal supported by the
SNRA in its s comment on the circulated propos#&did7 June 2008

“The study’s proposal for a unified traffic agenchanged and strengthened Government
Offices, a parliamentary commission, and evaluagiod follow-up function, a new planning
system and an independent basis is a logical agtton of the efforts to make the work done
by the Government Offices and the traffic agentsemake operations and planning more
efficient.”

The SNRA writes in its comment something that théTconcept has also always
maintained, but in other words, viz. that

“Follow-ups and evaluations conducted by indepehdedies are needed, as are independent
and impartial basic data for planning. The latsemot the least important; without reasonably
objective basic data and transparent methods ofikedilon and analysis, the organisation’s
efficiency and professionalism will be of minor iorpance. A unified traffic agency assumes
supplementary measures. Other parts of the propmsahe other hand, can be implemented
singly or in combination without disrupting the &ate between driving, balancing, and
monitoring/controlling forces.”

In a first step in the SNRA'’s and the National Rediministration’s change effort, it has been
decided to merge the agencies’ respective finandiat” and IT functions into shared centres
(finance, HR and IT centres) with a manager resptmor each centre. The mergers must
have been effected and the centres functionaldgniary 2010. The centres shall then
provide both agencies with full support. As faasounting is concerned, the work has led to
a focus being placed on getting the external adoogiand a new business system to
function. In an equivalent change for the two agesidT functions, a merger of the IT
environments presents great challenges. The impitatien project has had lower priority in
the change effort. Together with the project marageiority of completing measure

planning in time, this has led to a low level ofidty in the implementation project.

The implementation project can therefore not besetqrl to take off until the Government
has come to a decision as regards merging thecteaféncies. It is also appropriate to wait
for such a decision in order to secure the bestiped application of the TAM concept
throughout the entire new area of operations.

" The agency’s comments on the proposal are regibtes document no. SA10A 2009:15668
2 HR = Human Resources.
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9 ANALYSIS AND DISCUSSION

In this chapter the main ideas and conclusionsheilsummarized

9.1 Road management’s prerequisites and culture

According to SIJ, a sound improvement effort aimed at increastidierficy begins with

good order, systematic follow-us, quality in analysind a secured learning process. Special
attention is paid to aspects that affect custoragsfaction. The SNRA has experience of all
local concepts for road measures not being bestipesand of greater knowledge, for
example, of pavements not leading to fewer ané&bptivement concepts. Together with the
customer perspective are follow-ups, checks, aralgsid learning central starting points in
the quality-related accounting.

9.1.1 The transport policy’s requirements regardisgcioeconomic effectiveness

The limit value for each respective component tgpa/orst acceptable condition” must have
a decisive significance for when a measure shoallddplied. If the defined limit value with
its associated circumstance algorithm is incoritbet, maintenance measure risks being
ineffective. The value is set on the basis of taagport policy’s demand for socioeconomic
effectiveness according to “best socioeconomic Kadge”. The analysis comprises for
instance environment-oriented LCA analyses thdude effects on climate factors. As
described earlier the limit values are also thelte®f analyses of society's and road-users’
expectations, road management, the politically ipsg¢fairness aspects and similar
considerations) and a socioeconomic calculation.

A suitable time for a new measure will be ableegbedicted with good accuracy, with
effectiveness as the starting point also in thgec# will be possible to make computerised
follow-ups of the successively accumulated actoasamption cost as a measure of
effectiveness. The LCC per unit of length measargér unit) can be analysed for all
components whose condition value has not passéeavtirst acceptable limit value” for an
unacceptably long period. Among comparable compisngithin the same “circumstance
algorithm” the principle is that the lower the umitlue the more effective the road
management has been. Analysis results can be amipjl supplier (contractor) for each
component type.

In order to push development forward, for examfaesards e.g. increasingly more efficient
pavements, control limits can be set on the bdsialoes for best contractor even if the
differences compared to others in the industry trighrelatively small. Positive quality and
productivity development (the denominator in thieeiveness ratio) should be able to be
further stimulated through bonuses, penalty sysiarttse procurements and similar for the
different contractors.

9.1.2 The “doesn’t apply here” syndrome: analysesice trends and price-fixing cartels
Internal accounting where the components constihgdoundation provides good

prerequisites for control and monitoring of thed@aanagement process. Information exists
that allows rational continuous checking to be geried by means of control limits. In-depth

! S1Q’s model for customer-oriented business devaekg, Swedish Institute for Quality, April 2008, ®borg
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analyses of homogenous data can also be made khfleutble selections in the road and
traffic data bank’s extraction programs.

Analyses can for example be based on data extr&cedsubstantial extracts from fully
comprehensive bases in respect of traffic, spemigent and/or environmental information,
administrative details (e.g. contractor) and/or ponents’ properties (attributes). Various
financial data can be analysed for listed homogsmomponents, such as acquisition values,
annual consumption costs, replacement values, tondialues, accumulated life cycle costs,
deviations relative to different control limits andhintenance backlog. Analyses can for
example be made in respect of age and accumultatfid effort over the entire lives of
componentsand different mean values and standard deviatiande calculated.

With knowledge of resource prices’ proportionsaift prices, qualified assessments can be
made of how the construction market is functioniditerences exist as regards technical
prerequisites but such differences in general oahcern one or other type of component,
resource or factor that affects a few resourcesprar similar. In this respect, the same
analysis structure can be used to handle the “doeggply here” problem. Using quality-
assured bases, the differences that actually eximsbe made visible for objective discussions
of what they signify or lead to and not merely mrdssed with a comment like “doesn’t
apply here” or “we are unique”.

Knowledge of resource prices’ proportions and thiuheir impact on the total price gives an
understanding of a reasonable magnitude for a tlenial he same technical possibility to
check and explain each respective component type&s trend, to detect unsound
construction markets and price fixing cartels arad,least, monitor road management’s cost
drivers is also available at any time. It will tafare no longer be possible to claim “doesn’t
apply here” or “we are unique” if the statementruarbe checked, analysed, explained, and
discussed in an objective manner.

9.1.3 Customer focus

Customer focus means for example that one triesderstand and satisfy customers’ needs
to the highest possible degree. According to margeheory, satisfied customers are
obtained when their expectations have been exceeded

A deficiency in road management normally meanseiased costs for road-users and society.
A real customer focus therefore involves a sereftmst by the road manager to rectify
deficiencies in road management. A customer-orgeafeort must therefore begin with
identifying deficiencies that occur. Physical difitcies in road management that affect road-
users and society (the customers) may concerro#tnetwork’s condition and standard but
also the service given. Customers’ contact oftercems substandard service of a short-term
“emergency” nature such as snow clearance, de;iteéngporary closure, signage, etc. Major
efforts have been made at the SNRA to capture aiullg process customer’'s complaints
and views primarily concerning road service.

The quality-related accounting handles physicakdaicies in need of permanent measures
(investments and value-adding maintenance) wheysigdl planning (preliminary study etc)
is normally required. The accounting concept rezgigood order in the SNRA’s road and
traffic data bank from the outset as regards thd retwork’s components and deficiencies.
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All deficiencies are therefore rationally and sys#égically documented in a structured
manner.

Each component’s condition is constantly monitagéinst the customer-based limit value
“worst acceptable condition value” in the qualiglated accounting. If any component’s
condition is lower than this limit value, the cotain deficiency is indicated in the financial
accounting. The remaining consumption margin oheammponent that has a margin that can
be expected to require action during a particulanmng period will be made visible during
the course of planning. When the condition has lexeeeded for a sufficient period of time,
the component will be placed in the maintenancélbgayroup, which means highest priority
as regards funding measures.

Information about deficiencies in standard is keidily available by means of the central
road and traffic data bank. At each step in thesgay planning process, “best available
knowledge” about costs of measures and effectsps ¢urrent and easily available for day to
day operations and, for example, long-term plann@wg critical issue is to secure the quality
of the information regarding deficiencies in stamgdfiom the outset, i.e. when a deficiency is
first identified. Decisions regarding deficiencystandard and need for measures at the time a
need is initiated must be taken at a high levéhéorganisation. At least two qualified
assessments and expressed opinions must have heerbefore a decision can be taken. One
of them should have been made by a specialistifield in question (road safety,
environment, road design, bearing capacity, custaaiations, etc) and the other by a road
engineer with recognised skill. In the physicalplimg, each step concludes with a formal
decision at a high level in the organisation andate of the deficiency information in the

road and traffic data bank.

9.1.4  After centralised economic planning

Somewhat incisively we could say that “a standade is a value that on average can be
good and can be perceived to suit everyone angtbueg despite the fact that it is not
necessarily right for anyone or anything.” Durihg €ra of in-house operation and
maintenance, resource allocation was probably th& important aspect of the central
operations organisation. The main focus was thezedn developing and using adequate
distribution models and standard values. In pradfiere was little interest in the customers.
After many years of applying the principles of cahsed economic planning, the follow up
validated the model applied and the standard values analyses that were made were based
on information from the operative side and wera treat extent based on standard prices and
tailored reports. The real prices and costs ofaipers were never checked or analysed by the
operations organisation.

For the road manager, the economic truth aboubpleeational side and its products consisted
of the information from the centralised economigrpling model. The road manager had no
real knowledge of the actual cost of operation mathtenance. Deficiencies in the control
and monitoring of operations led to overall low di@pment in productivity. The possibilities
offered in the plannable production volume wereryoexploited and efficiency was low
because planning was based on incorrect prices.

The TAM concept is based on another approach taures allocation where the customers
(road-users and society) are at the focus of psocestrol. Actual condition constitutes the
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basis for resource allocation. Rapid detectionamalysis of costs and condition development
that deviates from “normally acceptable” are cdritrahe model.

The internal quality-related accounting constitigepport for the process control of road
management and the learning that is so essental improvement process. ldentifying,
analysing and disseminating knowledge of “good gxas¥ are just as important as
identifying, correcting and effectively preventifltad road management”. When, therefore,
the analysis shows that ineffective road manageisdrding repeated, the problem becomes
a management issue of competence instead of falaresiource allocation. What can be done
by the people responsible for road managemend, risdistribute responsibility, increase the
staff's competence, reinforce human resourcesmace staff. This type of measure assumes
that the accounting model quickly detects deficienin the road management, which is one
of the fundamental requirements of the TAM concept.

There is an arsenal of possibilities to influenamatractor that should be built into contracts.
Examples of such measures include penalties, manydattion when a quality deficiency is
identified, deductions from payment, prolonged a&aty period and/or, for example,
consequences in subsequent procurements. Thepbasiiple must be that a deficiency
caused by the contractor must be rectified at dmeractor’'s expense without any negative
economic consequences for the purchaser (and dldeusers). External quality deficiency
costs must be paid by the external party, possiily an offer from the purchaser of training.
Internal quality deficiency costs are met with mtd resources accompanied by the required
training or similar measures. The customer musiffexted by the quality deficiencies to the
smallest possible extent and definitely not bydb&ciencies remaining, recurring or that it
meets with resource punishments.

With the proposed routines, the TAM concept’s in&raccounting will not lead to the
establishment of new “misleading truths” about roagital and road management in the
activities that the accounting covers. Quality deficy costs are followed up in the TAM
concept in respect of type of deficiency and, $sible, its cause. The model ensures that
control and monitoring in the road management mecan focus on life cycle costs,
effectiveness, learning and development. The k@sicof customer satisfaction secures by
current monitoring and control of components’ fuocal status.

9.1.5 Interaction between different competenciesiahe integration of IT systems

Swedish and international experience that it iBatift to achieve an efficient interaction
between different competencies and systems inm@athgement is one of the central issues
in the road capital model. The model must take athge of specialists’ “best available
knowledge” about each respective component to aetitee highest quality in monitoring,
control and reporting. This “best available knovgetrefers to:

- what is a functionally acceptable condition @ding to claims about “as constructed”
and socioeconomic effectiveness, customers’ expeotaetc.) and thereby the
technical consumption margin,

- acomponent’s current functional condition,

- actual acquisition value for new constructiatvéstment in a new component),

- actual expenditure for improvement (investmerdm existing component) or value-
adding maintenance of an existing component, amadit of restoring a component’s
condition from “worst acceptable” to “as construtte
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- actual “normal” life cycle cost per componeméyand “circumstance algorithm”,
- actual price trend per component type and irstantion price index thoroughly price
of resources.

The challenge when developing the TAM concept’s eh@dhs to design it so that “best
available knowledge” information about the roadwvak’s individual components can be
transferred automatically between different systam reported in financial terms in a
comprehensible manner . The “best available knogdéthformation that the model uses
comes from “the economists’ accounting system’hfgehree and four in the list above),
Statistics Sweden (item six), the social economsststems (item one), and the engineers’
administration systems and the road and traffia 8ank (items two and five).

Day to day control of road management operatiorsraing to the objectives of the

transport policy, must be carried on with the hgghmssible socioeconomic effectiveness. It
was therefore important when constructing the mamlalso use “best available knowledge”

of linkages between each component’s functionatlitmm and socioeconomic effects or
knowledge of what is acceptable to the road-ugéms. is to ensure that the focus has been on
the customer as regards the information deliveyetthé® model in every decision situation.

The TAM concept’s internal accounting model handfesvarious competencies’ “best
available knowledge” information with a distinctits on the customer using the simplest
known principles and good accounting practice. ifitention is that the design of the model
will ensure that interactions between different petencies are uniform and systematic in a
way that minimises work duplication and the usstahdard values. The data must be of the
highest possible quality and it is therefore esaktitat the model be part of the internal
accounting with actual expenditures as its foumasind subject to internal control.
Management must be sure that the information isdas “best available knowledge” from

all the specialists concerned and appraised obabkis of socioeconomic effectiveness and/or
customers’ expectations.

The model’s information must be delivered in sudbran that everyone with responsibility

for monitoring, control, follow-ups and reportirgyable to understand it. The model's
financial information would thereby be the onlydtin” about road management and thus the
common starting point for continued interactionhwttte owner, road-users and operators and
internally within the road management organisation.

9.2 Two different accounting concepts
9.2.1 The quality-related accounting’s opportuniie@nd weaknesses

There are great differences between the informdtamn the two forms of accounting — the
traditional accounting and the quality-related aetng. Road installations’ depreciations
according to plan in the SNRA's traditional accangtpaint a negative picture (long-term
deterioration) in parts of the road capital’s, desmassive maintenance measures. The major
part of the road capital is missing from the act¢mgnand consumption costs cannot be
broken out. The quality-related accounting shovesattual value and change in value
(consequences of real consumption and sustainaddsumes) of the entire road capital. It
shows for instance all component occurrences’ aopsion costs, successively accumulated
life cycle costs, quality deficiency costs bothagministrative decisions and in production,
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contractor statistics, and actual quality valueaditig to socioeconomic effectiveness and
customers' expectations.

The administration systems contain the data tha¢ésled to visualise in the experts’
technical terms what the quality-related accountivakes clear in financial terms. Data
concerning e.g. thBound wearing courses component type is measured by independent
consultants and transferred in refined and evadaien “according to the best technical
concepts” via PMS to the quality-related accountifige same applies for bridges and tunnels
in BaTMan and for road structures in connectiorhvaiéaring capacity investigations such as
BARUND in VUH (the road maintenance administratsystem). Results in respect of the
transport policy’s demands concerning “best so@aoemic knowledge” are made visible for
the operations manager comprehensibly in finanerahs. Every component’s condition can
be monitored and checked.

In the present concept for accounting of the raaaital, bound wearing courses, for example,
can be distinguished. A great deal of work is regpliio obtain actual expenditures for
pavement measures from archived project documentatid this is therefore not possible for
practical reasons. PMS today therefore containscaure of realistic figures and standard
values.

Specialists’ analyses in PMS do not need to be paoldably will not be, made visible to the
responsible decision-makers if the results are mficdable. Pavement experts have no
incentive to, for example, disseminate informatidrout their own failures. To a large extent,
the expert has often personally provided the bagicmation for pavement measures and
thus influenced decisions regarding “abnormallyflyeeneasures, for example. The expert has
also been responsible for checking production guahd for the client’s contact with the
contractors. This reduces the possibilities fazaning process.

9.2.2 The quality-related accounting’s opportunisie

The quality-related accounting model provides appate information for several of the road
management processes, such as for

- long-term planning (deficiencies, risks, consumption costs, life eyobsts, remaining
consumption margins, productivity, efficiency, cdstvers etc),

- short-term planning / budgeting / follow-ups/ financial control (resource requirements,
resource allocation, resource consumption, resawsage, economic results, reporting,
internal and external benchmarking, costing etc),

- procurement (status, function- and quality-focused requireraemtd contracts in a life
cycle cost perspective, measures, etc),

- management with prognosis and monitoring of production according to contract
(computer-aided analyses of cost deviations intbprice-, quantity- and time-
dependent causes etc).

A condition value is determined either from an asigion value based on real figures or on
standard-estimated figures, and this affects tladitgjof the analyses that are done. If
reference standards are used consistently in vahsabf investments, the difference between
the real prices paid and the standard-estimategicommended basic prices will have a direct
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impact on the Profit and Loss Account. The netiptos$s is thus automatically corrected for
“good/bad business”.

A problem with reference standards is that theylamdly take differences in quality into full
consideration. In reality, a higher price is aceddor reasons of quality. Higher quality can
result in a longer useful life, which means lowenaal depreciation and hence lower annual
costs (lower LCC).

Reference standards make it difficult to benchnuauddity, changes in value, and costs in the
road transportation system. In a longer perspedtiveay also prove difficult to get at “the
true facts” with regard to road management costistlae real linkages between the measure
carried out and the effects for road users andesoci

Price changes and cost indexes should be analgsédely and regularly (for example every
five years) collated against actual price develapmExperience from the SNRAells

against using standard-estimated valuations witboll&iting against actual figures.
Comparisons over time are an important elementanagement and control, so it is
important that the principles underlying valuati@me stable. If actual price is the basis for
valuation of condition, the principle is stable arthual depreciations will be based on actual
values.

Quality factors of long-term significance manifédstmselves correctly in annual
“depreciations” when real (actual) values are ugedording to the theory behind condition-
related accounting, depreciations must reflect gharnn components’ condition as well as
possible. Quality defects in production will bearlg shown in the results as quality defect
costs already during year 1 in connection withdlosing of the accounts and in life cycle
cost analyses.

If depreciation can be identified in connectionhatiaking over some measure, this will have
an immediate impact on the year’s results. Whegajthality of a component is low, this also
gives a higher annual cost than “normal” for bdétl tomponent and road maintenance.
These increased year costs are detected in arsenhyytype of component.

The model must be able to account real changdamaard and condition in a stable,
uniform, and controllable fashion using intelliggblalues of road capital.

Efforts have been made in earlier chapters to coctsh model that fulfils stringent
requirements with regard to stability and unifosmiowever, stability must not compromise
the model’s flexibility and continued developmemkeep pace with new knowledge.

If only the principles for the condition valuatigself (which are the core of the model), are
fixed, most changes connected with, for exampleva condition parameter (measurement

> This refers to the SNRA's experience in its opersgiof problems with standard prices for machinetpe
so-called MCF system and the regularly updateceprdf friction materials in the stores model thaswalso
linked to the settlement of appropriations. Thegples of the five-year plan of operations wersduzhon
similar ideas as regards resource allocation dte.ekamples described were solutions devised ih9f6s
(according to typical economic planning principlasjhe authority’s autonomous Operations divisibhe
authority lost touch with the real costs in allessvithin ten years of introduction. Competence efifiait were
focused on developed models, computer support antihcied development instead of on analyses ogactu
cost, productivity etc.
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value), alterations to a component’s condition dpsion (a new description model), a new
standard-estimated cost, a new component, or aehanndex value, can easily be handled
without causing any problems in the accounting.

Controllability is facilitated by basing the modei established, uniform principles. As a basis
for the valuation, reference standards exist fetto rectify different identified and
documented deficiencies. The valuation of a compboan thus be checkealsitu,

supported by documented basic data and fixed atioguprinciples. Acquisition values and
replacement values, standard target values andtmondalues are valued in Swedish kronor
(or euros), which in itself is easy to understdbidanges are calculated as the difference
between values at two different points in time, athare calculated according to the same
principle.

It is important to understand that the real coghefmeasure taken will in all probability not
be the same as the reference standard, becaunergal world there are many factors that
influence when the measure is taken. Examplesaif factors are the prices in the
construction market, the possibility to co-ordingte measure with other measures, the cost
of the measure in relation to fixed costs, and ¢ggalycal, geological, and environmental
conditions.

In the quality-related accounting, the quality ofrgpponent information in a road network may
vary. The acquisition value may be the actual vedwéual adjusted standard value or a
standard value. The quality of the condition vadaa be classified on the basis of “degree of
objectivity” and “degree of forecast” dependingwhich consumption model is used.

When the road network’s components are retroagtixellued in”, there is no better quality

of available information than actual adjusted séadd/alues or pure standard values. The
SNRA'’s implementation project elected to use cirstance algorithms and standard values
across the board despite the fact that actual idjissandard values to a large extent were
available. As components on retroactively “valugdroads are successively replaced, certain
components will be given actual acquisition val@@s.an old section of road, the quality of
information about one and the same component tygetherefore vary.

Compared to a traditional accounting using six congmt types quality will still be able to be
controlled much better in the quality-related acdmg. A model with six types provides no
possibility to control the quality of the informatti. If one, two or a few more actually
existing components in the road network are replac®ne of the six highly composite
component types, control of quality will be lost woly as regards condition values but also
acquisition values. Benchmarking of componentsiwitine and the same type will require
advanced inventorying, searches of archived matené analyses with a high content of
standard values.

Analyses and learning will be complicated and pithbably require separate systems with
work involved just as is the case with the qualélated accounting. The problem, however,
is to capture the actual expenditure. Standardegalill therefore presumably be permitted in
the administration system, if anything is to bengdifrom the “simplification”. This means
lower quality analyses and slower learning, sindeagnvestigatory resources, special studies
where checks are difficult or impossible, will beedled.
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Large savings can be made by using the qualitye@laccounting compared to the present
system. The quality-related accounting uses codatzet of the best conceivable quality
captured directly at source in the form and with ¢ontent that all road management
operations can make use of. Analyses are fasteat@ possibilities for corrective action and
learning without costly consultant studies and iqystinpairing standard values.

9.2.3 Different starting points regarding approacki¢o information

Road management engineers can roughly be dividedvio groups. One group, often at
operative level and sometimes without any direspoasibility for data capture works
actively to gain access to detailed informationudtibeir tasks. The other group, normally
consisting of engineers at higher levels in theiadmation, can actively and successfully
discuss in general terms and also against the tanpoe of detailed information. They are
successful as long as the detailed knowledge @laitiboes not say the opposite.

Many in the second group feel that a great dedhtd (components) is an administrative
burden — an attitude that easily gains acceptantteei organisation. This group of engineers
are often under pressure to reduce administrabstscSometimes they put forward a more
acceptable argument, i.e. that it is importantaptare good quality information about
“sizeable, significant items” and that rough estesaand “general knowledge” should be
sufficient for the “less significant” ones.

This “general knowledge”, however, is often basedletailed historical information. In slow
processes, the prerequisites may gradually chamgaticed. Without detailed information, it
can be difficult to detect such changes in timee Tésult may be financial losses or
credibility problems, for example, a not infrequenturrence in the public sector. The world
around realises that the authority “does not kndwait is talking about”. There are many
examples of successful companies in markets sugj¢otigh competition that suddenly
collapsed because they did not see the changesriequisites in time. The companies had
been run on the basis of “general knowledge” andrdiguated attitude to the market. At the
SNRA, there are examples that indicate that theblpm is a very real one.

Knowledge of road management costs is insufficarnbhe SNRA today, despite the fact that
the authority works at a very detailed and rescomesuming level. The operative accounting
contains figures at the level of priced quantitieguantities that in most cases are connected
to producing a component, or parts of a componerigr example an investment or a
maintenance project. The need for figures on wtodbase calculations is a legacy from the
time the authority operated in its own right thit sontrols the detailed accounting but that
lacks any foundation in how risks are apportionetieen client and contractor.

How is detailed knowledge used for control purp8sé&fhat are the cost drivers in road
management and what is done about them? Whicha2is leave the lowest and highest road
management cost per vehicle kilometre in each rfgiwhich 20 roads have the lowest and
highest road passenger and freight costs and@asstiety per vehicle kilometre in each
region? How does the SNRA work in order to be fisiefit as in the available best practice
examples in all areas? What measures can be takéh are taken, and what are the results?
How can we know that general knowledge of costifficy is sufficient for good results

from the improvement effort?
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Well-defined and systematically accumulated infaioraleads in the long run to the greatest
efficiency and best quality in underlying inforn@atifor decisions, reports, and development.
In a large organisation, the prerequisite for aghige a real improvement in efficiency may be
goal-oriented work according to the “every littlels” principle (finding and dealing with
small costs). In such an approach it is especialportant to have adequate control of small
changes in cost, benefit, and quality in a contirsuismprovement effort covering processes,
procedures, and products.

The TAM-concept model deals with the aspect ofedlédht requirements for the “large,
significant items” and the “less significant itemst such a way that the condition description
is more sophisticated and objective (laser measemgrbridge and tunnel inspections,
BARUND etc, according to description models I, IV, and V) for the “major items” than
for the “less significant” items (forecast depréicia over a predetermined period or
depreciation rate, which can easily be done by eagerpn the accounting system in
description model VI).

It is important that the issue of how detailed dhasion into components should be is based
on a holistic perspective and takes into considerahe fact that road management may in
future need hitherto unused information.

9.3 Effects in the organisation

In the organisation, comments like “the ‘peopletaps’ don’t know what they are doing”

and “the ‘people downstairs will have to deal witrhave often been heard. Control,
monitoring and a living continuous improvement effeith up-to-date information based on
“best available knowledge” would probably reducetsbarmful distances between different
levels in the organisation. It is therefore impaottdhat operations’ “correct conditions” can be
presented, analysed and discussed on the basis attual state of affairs.

The economists have had poor knowledge of the sssardled by engineers. The engineers
have correspondingly had insufficient competendénissues handled by economists. Over
and above this are issues concerning the trangplicy’s demands for socioeconomic
effectiveness, a customer perspective and a bussiikesapproach. To understand the model,
knowledge is needed of already ongoing activities @perations and existing logistics (the
documentation and data capture including infornmagimocessing) both in the technical
administration and the accounts. An understandingsoes concerning internal control and
guality assurance is also needed.

In brief presentations, it is not surprising thet thodel appears to be complex, despite the
fact that in practice it does not require more warrlset any new requirements. The model is
entirely based on the operations carried on toda@yith a demand for structured
coordination, transparency and verifiability. Tlesult is that the quality-related accounting
can thereby ensure that the entire organisatioenstehds the result of all the shared work
that it is possible to analyse the result and camra systematic improvement effort. Many
analyses that should be made, but that have neeeriinade because they require substantial
resources, will be made using the system. Databeiltaptured at source and will not need to
be registered twice or be replaced by standardesalu
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It often is pointed out that there are too manwitietn the quality-related accounting. All
these details do exist in the road network. Nolaorawvs exactly how much each component
type represents. The motives in the implementgirofect to have that many types have been
many. The common denominator, except for one agrqiherequisite item, is that they are
physically distinguishable and that:

- they are planned, analysed and entered in drawingsnnection with the physical
planning for investments and maintenance measures,

- they are constructed according to technical reqmergs and as-built drawings or in
adjusted positions.

- their actual positions are entered in revised al-dnawings,

- each one is registered in the road and traffic Hatk (sometimes as voluntary
phenomena)

- they can be precisely located in the road netwotiender documents for basic
operations packages,

- they are maintained according to requirements lstipd in operating contracts,

- they are replaced when needed according to théategy framework in force or
experts’ assessments,

- they represent values amounting to billions of SI&K component type.

There is no longer any doubt that road managenmezdaa new platform for its continued
development. The implementation project has estiaddl that technical, financial and
socioeconomic knowledge can be brought togetheonstitute “best available” information.
The continued development of operative control maitoring should be able to use this
information as its starting point. The counterargais heard in these often abstruse
discussions are very close to factors that arellysmantioned in the theory of monopolies’
X-inefficiency>.

9.4 Internal control, IC

The TAM concept improves the quality of informatimnthe accounting in a decisive way.
The information becomes usable for resource all@meamonitoring and control, analyses,
and improvements of the road management. The ¢éahbition for internal control is high
and there is a natural focus on openness, contiingporovement and customer satisfaction.
Especially evident is the ambition in the modetisds on process control, with fast detection
of deviations in the form of, for example, life ¢gy@osts, good examples, inefficiencies,
maintenance backlog and costs in ongoing projastshiited over causes dependent upon
unit prices, quantities and time. Other importantivities as regards making road
management more effective with the support of tA&¢Tconcept are benchmarking and
control of cost drivers.

The internal control (IC) problem in today’s acties and operations is a serious one and has
been created by the contract concepts that argedpfhe TAM concept adjusts the focus
from, for example, excavating as large unverifiadplantities as possible to producing
components in fully verifiable quantities, where tthallenge is that they must have lower life
cycle costs and/or better effects.

% Formulated by Harvey Leibenstein in the 1960s, rebérepresents many small trickles of inefficiersi
which are difficult to trace in organisations ngpesed to competition.
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It is relevant and appropriate for the monitorimgl @ontrol of road management’s sub-
processes that the road capital’s figures areiirentiprices related to replacement value and
continuous price and cost trends. The informatarcomputerised checks and learning in the
road management process is improved compareddomation in a model where figures are
based on fixed prices at the level of the yearcqlgsition for each respective component.
This has a positive effect on internal control. eVl concept’s basic accounting idea is that
the capital value will automatically follow “bestailable knowledge” of technical and
functional condition.

For the most important component types, informagéibaut components’ actual condition and
consumption comes therefore from sources indepemdéeine operator responsible and the
person responsible for the accounting. Model Vlliagdor other components, i.e. a technical
life according to “best available knowledge”. Indidjustments and value reductions of index
adjustments are reported separately and for eanp@uent occurrence. Road management'’s
cost drivers are quite clear, which should lead sound focus in control where, for example,
underlying information exists to allow real interé®gnds to be considered in decisions about
measures.

The quality-related accounting is based on greahongss with control limits to allow
deviations to be detected quickly. Control limitgldearning processes are major features of
the internal control. The construction price indhs the structure that is needed to be able to
perform in-depth analyses of how well competitiandtions in the construction market. Road
management’s cost drivers are identified and htragegjies for action, with defined goals,
that can be monitored in continuous follow-ups.

With the quality-related accounting, internal cohts performed efficiently at the level

where the costs are generated. The accountingrisgarent and can be verified externally
long after the project has ended. The quantitiasdannot be checked afterwards are few and
can therefore not be manipulated into substanéigiadions without being detected in
plausibility checks. Information needs at all lesvef the organisation concern the components
with a large number of computerised follow-ups,atseand analyses for each component
individual from the time it is commissioned and fbe rest of its life with lifelong

significance for the contractor.

During the course of a run-through with practisesigrt managers for investment projects, it
was clear that the component level would functiecediently in the operative control of
projects. The main structure of the information gaihus be the same for all road
management competencies and organisational IeM@swould mean a much stronger
internal control that would benefit the entire domstion industry. It could also affect the
distribution of responsibility between client, cadtor and any project planning consultant.

9.5 Standard values

Experience of using standard values is not goods$schecks were neglected while
incentives and follow-ups reinforced the inaccuratthe standard values.

In the road capital model, the standard cost afyoay out measures is important for

calculating the magnitude of the value reductiartfiose components that use consumption
model VI. Two cases can be distinguished as redghrsigalculation. The first applies for
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those components that are replaced or consideteel émtirely consumed. Here, the standard
cost of carrying out measures is equal to the @foatquiring a new component, i.e. the
replacement value. The standard value is in ttge tiae original acquisition price adjusted for
price trends (construction price index). The mestosis error that can occur in the value
reduction mainly depends on inaccurately assessayih of life — an error that is
automatically corrected against reality when thegonent is replaced. The successively
accumulated life cycle costs are adjusted retrealgti The follow-up of lengths of life and

life cycle costs will lead to better quality in thecounting and the standard values should
therefore in the first case not “normally” congtt@ny significant quality risk as far as
control is concerned.

The second case concerns components that are emtsittd have a substantial residual value
and that are repaired, upgraded or rebuilt by me&ralue-adding maintenance. There is a
risk here that the value reduction will deviatenfreeality in those cases where the standard
costs of carrying out measures have been inactyiesessed, which means that the residual
value is incorrect. In order to minimise the err@@ntinuous computerised follow-ups are
made of maintenance costs and calculated actuduestvalues. According to the principles
that apply for determining a component’s conditvatue after measures in respect of an
upper control limit, the values in the accountsarmatically adjusted to reality. The
standard value does not therefore constitute gmjfiiant quality risk as regards control in
this case either.

The SNRA'’s implementation project elected to usedard values together with
circumstance algorithms to assign values to compsria connection with the retroactive
“valuing-in” of the road capital. This is an exampulf “best available knowledge” being used
in a context where other possibilities have besnaitided. When the valuing-in is complete,
the values are upgraded to “truth”. The qualityh&f components' values will gradually
improve not only in connection with replacementsddso when improvements and value-
adding maintenance are carried out.

Earlier negative experience of using standard &ilu¢he accounting will therefore not be
able to be repeated. Computerised signalling carsbd in the model to indicate when
standard values deviate sufficiently much from acexpenditures. Values and costs will
contrary to earlier experience be of higher qualgythe model’'s application increases and
follow-ups are made. The quality of information aba component type’s future funding
needs year by year will also gradually improve sitie forecasts are based on increasingly
better standard costs of measures.

9.6 Culture and quality issues in process controlral learning

In process control, it is important that the cohsygstems detect inefficiencies and “best
practice” quickly so that corrective action cantéleen and/or confirmatory analyses
performed without undue delay. The learning processt quickly ensure that mistakes are
not repeated. It is equally important to quicklgndify, analyse and disseminate knowledge of
good examples so that they can be copied and expabughout the country. The concept
with checks and analyses for learning is suppdstedllowing differences and creativity in
order to create a dynamic environment for improveim®trictly shared working concepts
would not provide good bases for improvements. Ty be compared to the financial
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analyses of organisations that book financial evesing uniform standard values without
cross-checks against actual expenditures.

In customer-oriented road management the preseigde cannot be allowed to continue to
apply where' it is more important to allocate funds accordiagvhat is considered to be

“right” in relation to “circumstances” than to aatuneeds. With a real customer focus, “a road
manager’s lack of ability” must not further punisiad-users, who are (and perhaps have been
for a long time) sorely affected by “bad road maragnt”. By using control limits in the
follow-up, “bad road management” will be detected andicated automatically by the system
so that corrective measures can be taken at anstage.

This type of quality problem in the road networkl\we a matter for management. If “bad
road management” is repeated, action must be takexise competence, reinforce human
resources, redistribute responsibilities and repfsrsonnel or other similar measures. There
is an arsenal of possibilities to influence a cactior, for example penalties, deductions from
payment, prolonged warranty period and/or consetpgeim subsequent procurements that
should be built into contracts. The principle mstthat it is not the road users who are to be
affected.

The quality-related accounting supports cross-chiemhalyses, benchmarking and learning in
road management’s various sub-processes. Strasagiegoals that can be followed up can
be defined in order for example to allay the depeient of activities’ and operations’ cost
drivers. The process control's analyses and cootisumonitoring of deviations are also
elements of stronger internal control and stimudathealthy” development of the
construction industry. This should be welcomed Ibgexious contractors in order to improve
the industry’s not too good reputation.

Quality-related accounting used in process contithl continuous cross-checking of critical
values and key ratios must have a well-considettédde to how information is to be

handled in the continuous improvement effort anst#df. It is important that good results can
be rewarded. To achieve success, an organisatiahate is needed that is adapted to what
management wants to achieve.

In several articles (e.g Flyvbjerg 2007, 2008Reference class forecasting” is proposed as
one curb against cost overruns. The method hadakso endorsed by the American Planning
Association:

“The new methodchieves accuracy in projections by basing themabual
performance in a reference class of comparablerati (Flybjerg 2008 p 3).

The idea is that instead of (only) doing an “insidiew prediction, thinking in terms of prices
and quantities, one should take an outside viewcangpare with earlier similar projects. The

4 Jaro Potucek at the SNRA's technical division,daHeinistrator responsible for resource allocatibthe

SNRA, gave the following opinion about the disttiba principles: "Distribution of, for example, pament
funding according to statistical information sushraad network, length, width, traffic flows, geaghical zone
etc givesone result. Distribution according to condition, sohiag that in a longer perspective does not reward
capability, givesanother.”

® Flyvbjerg B., (2007), Policy and planning for larpfrastructural projects: problems, causes amelscu
Environment and Planning B: Planning and Desigh34opp 578-597.

Flyvbjerg, B., (2008) Curbing Optimism Bias anda®#gic Misrepresentation in Planning: References<la
Forecasting in Practice. European Planning Stusi@sl6, No 1, pp 3-21.
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quality-related accounting model presented indigsertation gives this type of information.
It is for instance possible to produce indexed caraple information out of the different
algorithms per component type, “best practice” rages and “worst practice” for all
component occurrences, and/or per contractor (“laest “worst” in sensitivity analyses).

9.7 Procurements and cost increases

The quality-related accounting:

Improves possibilities for cooperation, not tesiace there will be fewer conflicts and
“unsound” quantity negotiations, which will increagrofitability. Better information,
greater openness about, for example, deficiennistandard / need for measures and
more effective social planning allow creativity amew solutions in order to identify
pressing investments.

- Gives better quality information about produittivcosts, life cycle costs and quality
deficiency costs. Possibilities for benchmarking lagtter, which will in turn lead to a
focus on improvement efforts throughout the industr

- Provides scope for more efficient planning pssas, where many requirements can be
replaced by responsibility for delivered componeartd where this can for example be
expected to follow consequences of deliveries Wi successively accumulated life
cycle costs.

- Provides political scope to increase responsilibr the transport sector and the
market’s players since control possibilities arstiyaimproved. According to the
planning model presented, with both scheduled tengr planning and road projects
according to the “building permit principle”, theage would be able to continue to fund
the part corresponding to the predetermined neeptevalue ratio in respect of specific
effects for society and nothing else. The remaimiags will need to be funded in the
same way as the market funds all other importamgstments.

- Will probably lead to a healthier culture witiatus on customer satisfaction and
improvements on the part of both the client andrést of the sector. The cooperating
climate between the players will have “sound” irtoess for improvements.

- Through a financial focus on components willdisée to increase the content of
specialised equipment and/or industrialisatiormath an accompanying need for
standardisations.

The view here is that projects’ cost increasegdrmarily due to the contract concept and the
problems that arise out of the negotiating partf$erences in incentives and private
information. Cost increases are not primarily causg systematic errors in project planning
and/or calculations. Using the component strudtustead of AMA structures in contracts
reduces the number of negotiations and agreembatg what the client is to pay from
several thousand to just a few tens of compon@atgnent to contractors in the TAM
concept is principally based on the componentshiifiess and a few other quantities that are
important as regards business risks. The vast ityagirthe quantities will be able to be
measured and checked at a later date, even whemdjeet has been completed and opened
to traffic.
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In the TAM concept’s contracts, every componenetiips in general a unit price and an
adjustable quantity. A few more adjustable quaegithay occur if they are judged to have
substantial significance as regards the contractak costs for the component type
concerned. For these will the unit prices and ddple quantities determine the unit prices of
the component type. Most of the adjustable quastiti the contracts will therefore be able to
be measured and checked after the road projedtdssopened to traffic. From the point of
view of internal control, it is of importance to hble to establish that the possibility to
conceal irregularities in unverifiable quantitie#l w0 a great extent no longer exist. This
should be welcomed by the serious players in thestry. Since most of the adjustable
guantities so very clearly are to the contractats/antage, one can nonetheless expect
substantial opposition to this type of change. @twtractors will in all certainty emphasise
the risk costs in calculations and business itth@racts contain any uncertain quantities.

9.8 Life cycle perspective and productivity develoment

With quality-related internal accounting, the raadnager is given good knowledge of every
component occurrence’s life cycle costs. The matles the components delivered by the
contractor to be related to the requirements sipdlin the contract as regards development
of accumulated life cycle costs from the actuakédaf delivery”. In day-to-day process
control the components' development can be mowitbyethe system over the entire warranty
period. The focus on monitoring is in order to detdeviations against acceptable expected or
contracted life cycle costs early on (deviationaiast upper and lower control limits).
Exceptionally good or bad components are normadtgcted at an early stage. Naturally this
only applies to component types that are inventipiiie order to determine condition (at least
75% of the total road capital). For “model VI” cooments that are not subject to inspections,
the truth about the component will not be knowrhvaiértainty until the end of its life, when
replacement or rebuilding is planned.

The more component types that are regularly inveddhe better the life cycle perspective
will function for the control of construction coatits. It goes without saying that if the road
manager is not interested in or lacks knowledgeoaiponents’ condition development, no
such requirements will be stipulated in the contoadollowed up.

In order to stimulate development in the directidincreasingly lower life cycle costs with
maintained or increased customer utility, sevexatls of control limits can be set. Both
bonuses and penalties can be linked to these limithe day-to-day follow-up the different
contractors’ deliveries of components can be foldwp individually over a sustained period
so that, for example, differences in life cycletsaae highlighted and considered in future
procurements. The contractor’s focus and creatshiyuld in this way be shifted from e.qg.
excavating the largest possible quantities ancepaibfy invoicing larger excavated quantities
than actually exist. The focus should instead loeidint to bear on developing as cost-
effective components as possible in order to béliast supplier” and win procurement
privileges or quality bonuses.

It is not only the possibility to increase profitisfough clients being prepared to pay more for
components with a lower life cycle cost than foesmith a higher life cycle cost. The
prerequisites should also be good for obtainingmator design protection for innovations
and improvements to components. For example nitaie difficult to obtain a patent for
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intelligent machinery layouts in earth excavationsdjustments of existing machinery or
tools in order to increase productivity or profiteéxcavation work.

All'in all, the shift of focus from earning monep work tasks and quantity increases to
increasingly cost-effective components, should keeal gradual positive development of
productivity. Goals can be set both for producyiihprovement and reduction of
inefficiencies that can be followed up continuousyycomputer in the belief that “things that
are measured get done”. Good examples and faduweeguickly detected, analysed and taken
up into the learning process with the intentiort #vaors and mistakes must not be repeated
while good examples must be imitated and exceeded.

9.9 Summary

To summarise, it may be noted that road manageimstitl undergoing a significant change
in culture. Present development, where socioeconeffictiveness with a focus on society's
and road users’ needs, began tangibly in the B&<. This means among other things that
environmental, cultural and ethical values are easged early in the physical planning of
transport infrastructure together with accessipdind safety. In Sweden, the TAM concept
was reinforced from the outset by influences fr@pahese work on quality and SIQ’s
principles for continuous improvement and learnihgday, politicians are once again putting
great emphasis on the fact that transportation meiseégarded as consisting of holistic issues
and not issues that can be resolved by the diffenexles of transport and the infrastructifres
separately.

The transport infrastructure manager should setherenformation need that exists in an
efficient TAM concept when consultants and contesare first engaged. The question of
data capture should be monitored at every stageegérocess. It should go without saying
that data capture should be taken seriously andumted in an efficient manner with the
content that the organisation’s most important mwdt costly resource (the personnel) needs.
Those systems that need to exchange informatidne®ith other in order to work well must
be able to communicate with each other. No systemreally be the “personal property” of a
particular competence.

For example, it is essential to arrange thingdabds good as all properly motivated needs
for financial information can be satisfied throudjbital transfers from the accounting
systems. Duplicate registrations performed by fjedlipersonnel must be eliminated and
standard values will not need to be used in orolecdrrect data to be obtained. In order to
achieve high efficiency in the organisation’s aitids and operations, control, follow-ups,
cross-checks, analyses and learning must be abke based on data of high quality and not
guestionable “general knowledge”. Without functimmicross-checks against the real picture,
there is a risk that “general knowledge” and stathdalues will be cemented and confirmed
by the organisation’s activities and operationsalRegood results come from correct
information and from management and specialistergtdnding each other and being able to
“pull in the same direction”.

® Effektiva transporter och samhallsbyggande — estruktur for sjo, luft, vag och jarnvag (SOU 20818,
Slutbetédnkande av Trafikverksutredningen, ISBN 91838-23181-4, (Swedish Government Official Repart
2009:31, Efficient Transportation and Community IBuig — a new structure for water, air, road aritj Fanal
report by the Traffic Agency Study) Nils GunnarlBiger, 1 April 2009, Stockholm
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In today’s performance-based contract conceptspaoiohbly also other forms of contract,

the data capture issue is not considered. For eeatige road manager can hardly have any
other use for the contractors’ unit prices and tjtias according to the AMA structure than

to provide the calculation database with more irgaia. The revised as-built drawings that

the contractor must deliver to the road managemveheompleted investment project is
handed over cannot be used today as input date tmad and traffic data bank. When a new
stretch of road is opened to traffic, an extermaistltant must be engaged to once again enter
the same information now that the project has loeempleted. The data then has to be entered
in the road and traffic data bank manually in aasefe, subsequent step. The delay in
entering the data is often a year or more sinceatsles are not prioritised. Until the data has
been entered, higher levels in the organisationengigcisions based on incorrect information.

It has also been established that internal coofradad projects would be vastly improved
merely by the fact that control measurements camdge afterwards. Uncomfortable
suspicions of irregularities would be radically BawThe construction industry, often the
subject of distrust and doubt, seriously needafrove its tarnished reputation. With the
TAM concept cost increases would be radically redievhich is not, however, the same as
saying that price levels would automatically felealthy competition with a focus on
components’ life cycle costs and effects for cusimmwould stimulate creative contractors in
the “right” way.

The transport policy contains explicit requiremeaigarding socioeconomic effectiveness in
infrastructure management. The TAM concept’s quaklated accounting provides access to
up-to-date information according to “best availattewledge” of the costs and effects of
rectifying deficiencies in standard. If would be nm@ffective if this could apply to all
transport modes’ infrastructures. The quality & ihformation must be secured through
decisions about deficiencies being taken at a leghl in the organisation for each respective
transport mode. Decisions should be preceded least two qualified reviews. One can for
example have been made by a specialist in the dmiderned by the deficiency while the
other may have been made by an infrastructure eaginho is known to be skilled.

When a measure is planned for some transport niloelgossibility must exist to overview all
types of deficiencies in all the transport sectorfsastructures with assessments of costs and
effects. With several transport modes involvedrtéed for openness is greater. The solution
must not automatically be to prioritise the tramspoode that has the most vociferous
advocate or the most users. It is the total effeass that must be in focus.

Openness allows the possibility to review needsition efficiently in a context and achieve
synergies and coordination gains with solutions émabrace more than just one transport
mode. All in all, effectiveness should then be kigtihan if every transport mode acts
separately, at different times and on the basisaddted knowledge of its own need for
measures. It is for example not difficult to appaée that coordination reduces the risk of
work duplication and adjustments but disruptionsaniety will also be fewer. It is also easy
to understand that the contractor’s costs for éistabhent, removal and administration will
also be lower. Customers (road-users and societ\dadisfied by a need for measures inside
a geographical area being dealt with effectivel¢ an one single occasion. The potential
savings are judged to be considerable but ultimatepend on the political will to change and
increase efficiency.
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Possible uses of the quality-related accountingevaenong other things presented in the
Chapter 7 on sub-processes. The model was scaedimsdepth by external experts in the
early 1990s. In somewhat modified form it was asetl/by PriceWaterhouseCoopers (PwC)
at the direction of the Ministry of Industry, Emptoent and Communications, and between
2007 and 2009 reviews and analyses have been nidde the SNRA’s implementation
project. All in all, the analyses should show ttet quality-related accounting can make road
management and its sub-processes more effici¢hé aame time as political control and
monitoring are improved.

The Government has now (3 September 2009) dedidedhte SNRA, the National Rail
Administration (Banverket) and parts of the Margirddministration will be combined into a
common Transport Agency as of 1 April 2010. In esws of culture made at the SNRA and
Banverket by the Government's special investigatohe business culture is seen as
functioning in a “drainpipe”. The investigators@leport that, “There is in general a weak
culture of follow-up in the infrastructure sectanid “This means that knowledge of
effectiveness is today’s processes is insufficieMiéiny have experience of both the SNRA'’s
and Banverket's organisations and see the diffe®titat the investigators also confirm, viz.
that the SNRA has a more open and extrovert cuttongpared to Banverket's more
introverted culture.

This makes it natural to assume that the cultuBeat/erket leads to at least as little interest
in checks as at the SNRA. One conceivable way afrécting” this type of culture problem
in the new Traffic Agency, that in the future wdikal with road and railway track
management, is to focus on openness, control anditey early on. The Traffic Analysis
agency, which will be formed at the same time asTitraffic Agency, needs good
prerequisites for analyses, including informatiboat traffic and the physical transport
infrastructure.

The platform for continued development of road nggmaent that the quality-related
accounting constitutes should be of interest ig fiiase. The most common arguments
against this are:

There are far too many components.

Financial input data cannot be obtained for ponents.

Technical input data cannot be obtained for compts.

The IT systems concerned cannot be integrated.

The “benefits” from a quality-related accougtsystem are not correctly described in
the research and implementation project.

“We mustn’t fool ourselves into believing thaetSNRA can change that!” has been
claimed as support for a failed businesslike apgroa

The assessed costs of the implementation prajeconsiderably underestimatede.
The systems’ and/or the computers’ capacityssfficient for quality-related
accounting of 65 component types with a total ohynanillion component occurrences
and runs several times a year.

9. “We've always done things this way and beertsssful’” so no changes are needed.

A A

o

© N

" Nils Gunnar Billinger, "The SNRA and Banverket stibbe replaced by a Traffic Agency”, press reledse

April 2009.

Gunnar Malm, "Community Building in a Traffic Ageyic— Decision following steering committee meetiongy
10 September 2009, Dnr AL10A 2009:22325, DecisiignDirector-General on 10 September 2009, SNRA,
Borlange.
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In earlier chapters it has been shown that nornkesie views are supported by strong
arguments.

The final questions concern what conclusions cadrben as regards the hypothesis of the
existence of a relevant, dedicated internal acéogmf physical road installations according
to the transport policy’s requirements:

1. That there exists a possible verifiable valpgraisal in accordance with good
principles, where “experts’ best available knowlkgdgbout every installation’s
functional condition can be used to advantage,

2. That the functional value appraisals can bedas “experts’ best available
knowledge” regarding socioeconomic effectivenesbsotiety's and/or road users’
expectations,

3. That the financial value appraisals and castshe presented in current prices on the
basis of actual expenditures and costs,

4. That efficiency in the road management procassbe sufficiently improved through
using the model to a level corresponding to theaeowsts that the model may cause,

5. That political monitoring and control of thetiee road network can be sufficiently
improved so as to cancel out the extra costs tigatntodel may cause.

It must be considered to have been establishedhédirst four hypotheses are true since the
value appraisals are based on the installatiomgtfonal quality and that this quality is
determined relative to socioeconomic effectiversggbsociety's and road users’ expectations.
The quality-related accounting according to acagpténciples is as far as possible based on
actual expenditures and costs. The implementatiojeqt has also examined and attested the
effectiveness issue.

Politicians’ demands and credible reporting and memication were possibly the most
discussed issue when the project initially was casaimned. All examinations of the issue
have resulted in trust in the reported informati®aliticians, on the other hand, are
accustomed to attempts to manipulate, especiallydget contexts. Thankfully, they are
generally suspicious and their trust is thus best gradually through openness and ample
opportunities for control.

The quality-related accounting fulfils this typed#mand but has in practice not been
examined by the politicians directly responsiblgayp. Over the seventeen years of
guestioning and discussions no better concept éas presented in this respect. Road
management’s “best available knowledge” must bertakto consideration to the extent that
it has significance for the functional value of tad installations.

The research assignment concerned the valuingadiating of the road transport
infrastructure. The Government has now decidedrtalgamate principally the SNRA,
Banverket and parts of the Maritime Administratioto a common Traffic Agency. The
quality-related accounting has attracted someastdrom Norway’s coastal shipping
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authority, from researchers in the area of elagtrdistribution, and from the association of
municipal highways managers.

On closer examination, it becomes apparent thatibael can be used just as successfully as
for roads for valuing and accounting of all othbygical infrastructure. This thus applies for
maritime and aviation installations, railways, waad sewage networks, street,
cycleway/footpath and park installations, electyicielephone and fibre networks, and
installations for wireless communication. Theraasdoubt about the model’s usability in
these areas since in all probability special adstiiafion systems exist for the various critical
components in the infrastructures. It would alsanberesting to see the quality-related
valuation principle and accounting further elucethin research in respect of the valuation
and management of special purpose properties.

In the transport sector, more knowledge is needi¢sedinkages between components’
functional condition and effects for society anddeausers but also about customers’
preferences in general. In this context it canmo¢imphasised enough how important
knowledge of the components' life cycle perspediveegards energy, climate and the
environment is. It is vitally important that thige of “best available knowledge” really
influences the components' limit values for comditin order for these aspects to be also
taken into consideration in monitoring and coninaleality.
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