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INGENIEURE

1 INTRODUCTION

This report on the Cost and Financing of Road Usage is one of the reports being
produced under the European Union - TACIS spcinsored TRACECA Project for
the Implementation of Pavement Management Systems which is being carried
out by Kocks Consult GmbH of Germany in association with Ph@nix Pavement
Consultants a/s of Denmark and TecnEcon Limited of the United Kingdom. The
geographical coverage of this study and the project of which it is a part includes
eight countries falling within the area of the European Union’'s TRACECA initiati-
ve. These countries are Armenia, Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan,
Tadjikistan, Turkmenistan and Uzbekistan.

The data required for the study were obtained during the course of visits to the
project countries between March and October 1996 as well as from a previous
study undertaken by the Consultant in Turkmenistan in 1995 and the relevant
updated data, findings and recommendations from that study have been incor-
porated into the present study. Considerable use has also been made of road
feasibility studies carried out by other international consultants in Azerbaijan,
Kazakhstan, and Kyrgyzstan and by one of the present consuitants in Armenia.
A certain amount of information on Tadjikistan has been made available to the
Consultants by various multinational donor agencies.

In view of the number of countries covered by this study the problem of the cur-
rency units to be used in the presentation of the findings had to be given careful
attention. The use of a domestic currency plus at least one international curren-
cy for each country would have been unwieldy in view of the amount of data to
be analysed and presented. It has been decided, therefore to standardise on
one international currency and because of its familiarity in all the countries co-
vered, the currency chosen was the United States dollar. The use of the dollar
also has the advantage that it is less vulnerable to the effects of local inflation
than the individual currencies in use in the TRACECA countries. The ECU is not
yet familiar to most officials in these countries and therfore it was decided not to
use it in the analyses undertaken. The dollar exchange rates used were based
on the following rates which were those prevailing in mid 1996 or at the time of
the field visits.

Armenian Dram 405 Kyrgyz Som 11.5
Azerbaijan Manat 4,300 Tajik Roubles 290
Georgian Lari 1.24 Kazakhstan Tenge 66
Turkmenistan Manat 4,000 Uzbekistan Som 42

The aims and scope of the study are set out in the extract from the Terms of
Reference for the Pavement Management System Implementation project inclu-
ded in Annex 1. They can be summarised as requiring a rigorous analysis of the
various elements making up the total costs of road use and the extent to which
road use costs are being covered by present levels of expenditure in each
country. The study is also required to explain the relationships between road
user costs and road condition on the one hand, and between road condition and
maintenance practice on the other. These elements are closely interlinked and
an important aim of the study is to demonstrate the economic impact of changes
in road condition resulting from different levels of maintenance expenditure. An
important requirement of the Terms of Reference is the presentation of recom-
mendations for an appropriate structure of road user charges based on the re-
sults of the road use costs analyses undertaken.
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The time available for this study dictated that a short cut approach to road use
cost analysis had to be adopted and this implied that traffic and road condition
data had to be readily available. In general, locally available traffic data supple-
mented by the Consultants’ axle load surveys have met the requirements of the
study, but only for the main inter state and intra state inter urban road networks.
Consideration of urban roads was outside the scope of this study given
available time and other resource constraints. The rudimentary data availability
for the district and local roads also precluded their inclusion. The lack of infor-
mation on pavement strength data for the main inter urban road networks in all
but two of the countries has posed some difficult but not insuperable problems.
The limitations of the data base for a study of this nature should, however, be
kept firmly in mind when considering the final results and recommendations.

Considerable assistance has been received from the respective highway institu-
tions in all recipient states covered by the study and the Consultants would like
to express their gratitude for the friendly co-operation extended to them during
the course of their work.
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ROAD TRANSPORT COSTS

General

This report is concerned with the costs of road usage in the TRACECA states
and with methods of financing these costs. In this chapter the different catego-
ries of road costs are briefly introduced and their significance explained. In sub-
sequent chapters road engineering and road user costs are examined in greater
detail and the relationship between road maintenance and rehabilitation stan-
dards, road condition and road user costs is established.

Road transport costs are made up of the costs of road infrastructure provision
and maintenance, road user costs and other costs such as environmental costs
imposed on society by road transport. In this report the main concern is with the
first two broad categories of road transport costs. The environmental impact of
road infrastructure maintenance and rehabilitation is usually considered to be
relatively minor as compared with the potential impact of major new road con-
struction or realignment initiatives. To the extent that this study is mainly about
the cost and financing of road network maintenance and rehabilitation, envi-
ronmental costs are not considered in any detail.

The aim of appropriate highway management policy should be to minimize total
life cycle road transport costs over a defined network. This immediately focuses
attention on the relationship between road costs and road user costs on the one
hand, and on the network to be considered on the other. In most of the
TRACECA states the road network comprises inter state (“Magistrale”) roads,
republican or intra state roads, regional or oblast roads and district and-or local
roads. Urban roads usually fall within one or more of these categories.

Logically discussions of road costs and methods of financing them should be at
the total road network level since most road user charges are levied on road
vehicles and their use regardless of what roads the are used on. An exception
to this is toll road charging. In practice, however, data constraints usually mean
that initially analysis has to be concentrated on the main road network. These
will usually account for a very high proportion of inter urban vehicle kilometres.
For administrative reasons urban roads often come within the area of responsi-
bility of municipal road departments rather than the national highway department
or agency. This often results in differences in the coverage of routine data col-
lection which can make it difficult to include urban road networks in the analysis
without a large increase in research effort. This is a more serious problem than
the omission of local and district road networks because urban traffic contributes
a much higher proportion of vehicle kilometres and should, therefore, have a si-
gnificant influence on total road transport costs.

The time and resources available for this study have meant that considerable
reliance has had to be placed on data already available within the individual hig-
hway institutions and departments in the TRACECA states. These organisations
are mainly responsible for the inter urban main road networks and traffic and
other data availability is also mainly confined to these networks. For this reason,
the study’s analyses and findings are also confined to the inter urban main road
networks comprising the inter state and intra state roads. Urban roads are not
included except where they form part of one or other of the above main road
categories. The extent to which urban roads are included in the main road net-
works varies from country to country, but in general they are best regarded as
being separate.
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2.2 Road Costs

Road costs are the costs of road infrastructure provision and maintenance. They
are the costs incurred by the government department, institution or agency
which has the task of managing the relevant highway network. These costs are
sometimes called agency costs and it is quite common for more than one agen-
cy to be involved. In addition to the national road institution or department which
is responsible for road network administration, other government departments
supplying traffic police services and customs inspection posts at international
borders, for example, are also involved in the highway sector.

Road costs can be divided into fixed and variable costs and this distinction is
important in the analyses of road use costs which form the basis of the type of
road user charging policy discussed later in this report. Fixed costs are those
costs which are independent of road traffic and include most of the costs of
administering or managing the road network. In practice, there is a fixed and va-
riable (traffic dependant) element in most categories of road costs. Estimates
made by the World Bank suggest that for main roads fixed costs could account
for the following approximate proportions of the main categories of recurrent

costs.

. per cent of main road policing costs

) per cent of administration costs

. per cent of routine maintenance costs

. per cent of periodic maintenance costs and

o per cent of interest charges on road loans, where relevant.

The above proportions can be regarded as an approximate guideline and should
not be taken to be applicable to all circumstances.

Traditionally, road costs were equated with the costs incurred by the road agen-
cy or highway department responsible for the provision and maintenance of
road infrastructure. This rather narrow view of road costs was reinforced by the
usual methods of annual road budget estimation and allocation.

The main problem with this traditional approach was that it did not take sufficient
account of or attempt to quantify the costs being incurred by the users of the
road network. These are now recognised as being significantly higher in most
cases than the agency costs of road management. In recent years it has been
widely recognised that road user costs should be taken into account when de-
cisions are being made about the appropriate level of expenditure on roadworks.

A common problem in all the TRACECA states is that the cost of maintaining
and rehabilitating the main road networks is significantly higher than the budgets
being made available for the purpose. The economic and engineering resuits of
this situation are examined in some detail in Chapters 3 and 4. However, the
implications are fairly clear. Unless adequate financing for road maintenance
and rehabilitation can be made available from the traditional general govern-
ment budgetary sources, either alternative financing mechanisms have to be fo-
und, or the size of the core main road networks which can be maintained to an
adequate standard will have to be reduced.
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Road User Costs

Definition of Road User Costs Used in this Study

Road user costs comprise vehicle operating costs, passenger time costs, the
costs of goods in transit and accident costs. In practice, in relatively low income
countries such as the TRACECA states passenger time costs are not particularly
significant in comparison with the costs of vehicle operation. The situation is
completely different in the richer economies of north America and western Euro-
pe, for example, where passenger time costs are the dominant element in road
user costs both because the scale of people movements and because of high
personal incomes.

In this study attention is focused on the vehicle operating cost component of
road user costs. The relative insignificance of the contribution of passenger time
costs at current and foreseeable per capita income levels in the short to medium
term has already been mentioned and this is illustrated below and in greater
detail in Chapter 3. The cost of goods in transit is an even less important com-
ponent of road user costs given the scale of road rehabilitation and maintenance
effects on road conditions. International evidence suggests that a major reducti-
on in travel time is required before there is a significant effect on the cost of
goods in transit. The reductions in travel time resulting from improved road
maintenance and rehabilitation are incremental rather than major and the effects
on the cost of goods in transit are very minor. The relative unimportance of the
cost of goods in transit as a component of road user costs is also illustrated be-
low and in Chapter 3.

Accident costs are very difficult to quantify adequately unless data on the cost
and frequency of accidents in relation to specific road features and locations is
already available at the required level of detail. This is seldom the case unless
an appropriate research initiative has been undertaken .The available data on
road accidents in the TRACECA states does not permit accident costs to be
quantified at a meaningful level of precision without a level of field research in-
put which is well beyond the resources of this study. However, it is unlikely on
the basis of international evidence that the omission of accident costs from road
user cost estimates would have a significant impact on the results of road user
cost based analyses in the TRACECA states

The omission of time costs of goods and passengers and accident costs means
that the estimates of road user costs based on vehicle operating costs are
slightly conservative, but not excessively so. Most of the analyses involving road
user costs are concerned with changes in costs rather than absolute costs. This
fact further reduces the potential impact of omitting time costs of goods and
passengers.

The Importance of Road User Costs in Total Transport Costs

Road user costs are by far the most important component of total road transport
costs and vehicle operating costs are the most important element in road user
costs in the TRACECA states. Estimates prepared by consultants Carl Bro In-
ternational a/s in their 1995 engineering and economic feasibility study of the
improvement of the Bishkek-Osh road in Kyrgyzstan suggest that the percenta-
ge contribution of passenger time costs and goods time costs to total road user
costs was as follows:
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. Passenger time costs Cars 5%-8%
Buses 11.% -15.%
Trucks 0.2%-0.4%
. Goods time costs Cars and buses 0%

Trucks 03%-05%

These findings are in agreement with our own sample analyses for other
TRACECA states.. When the structure of traffic and the distribution of vehicle
kilometres is taken into account the overall share of vehicle operating costs in
road user costs is 92% to 95% for passenger cars, 85% to 89% for buses and
over 99% for trucks.

Road user costs are overwhelmingly the most important component of total road
transport costs in every country. In the TRACECA states annual road user costs
on inter urban main roads currently amount to around US$ 7.9 billion. If the ap-
propriate amounts were being spent on maintenance and rehabilitation, average
annual expenditure on the main road networks in the TRACECA states would be
of the order of US$ 531 million. Actual annual expenditure is nearer US$127
million. Even at optimum annual expenditure levels, road costs would amount to
no more than 6 per cent of total road transport costs.

It can be seen from the above that quite small changes in road condition will ha-
ve a disproportional large impact on road user costs and, hence, on total trans-
port costs. The changes in road condition resulting from inadequate maintenan-
ce levels will, therefore, have a significant, adverse economic impact via increa-
sing road user costs. This has important implications for planning road expendi-
ture strategies and devising optimum road maintenance programmes. It is also
the main reason why road maintenance and rehabilitation strategies should be
based on the results of engineering and economic analysis rather than just on
engineering estimates.

Other Costs

Potentially the most important external cost of road transport is environmental
pollution, including noise pollution. In practice, however, the main environmental
impacts are attributable to new road projects on new alignments and urban road
traffic rather than to road maintenance and rehabilitation. An important contribu-
tor to the environmental costs of road transport in the TRACECA states is the
low standards of vehicle emission control, but this is not something that can be
solved by road improvements.

The omission of accident costs from our estimates of road user costs has alrea-
dy been discussed above. External environmental costs are also excluded on
the grounds that they are not quantifiable within the context of a study such as
this and because their impact on road maintenance and rehabilitation policy is
unlikely to be significant.
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2.5 Economic and Financial Costs

In economic and engineering feasibility studies of road investment projects it is
customary to distinguish between financial and economic costs. Economic ana-
lyses should be based on economic costs which reflect real resource costs to
the economy. In practice this means that taxes are excluded from economic
costs but any subsidy element in costs is included.Economic costs should also
include adjusted or shadow prices, where perceived costs do not reflect market
prices. Economic analyses are usually carried out in constant price terms and
there should, therefore, be no inflation factors built into economic costs.

In the context of planning highway expenditure requirements, notably optimum
road maintenance and rehabilitation strategies, economic costs should be used
in the relevant engineering and economic feasibility analyses. Once the opti-
mum strategies have been established, however, it is necessary to present the
roadworks costs as conventional financial costs for budgeting and programming
purposes.

In most of the TRACECA states there are considerable practical difficulties in
establishing what economic costs are. While it is relatively simple to discover
what taxes should be paid and, hence, eliminated from economic costs, it is very
difficult to establish accurately what taxes actually are paid. There is a danger
in understating economic costs by deducting taxes which have not actually been
paid. Similarly, there are considerable difficulties in untangling complex cross
subsidy elements in prevailing prices. These factors plus the considerable
amount of fieldwork and analysis required to develop a set of appropriate sha-
dow prices for individual countries means that rigorous economic costing cannot
be undertaken within the relatively short time periods which have been made
available for road transport studies in the region in recent years.

In this study the analysis of vehicle operating costs has been based on financial
costs. However, the analysis of optimum road use costs is based on the World
Bank’s analyses of optimum maintenance and rehabilitation strategies using in-
ternational evidence and economic costs. Even if all taxes were paid in the
TRACECA countries, the tax component of financial vehicle operating costs
would not be as significant as it is in most western European countries and eco-
nomic and financial vehicle operating costs are not, therefore, significantly diffe-
rent. Given the low level of vehicle taxes, the main tax element is in automotive
fuels and even this is relatively small by international standards.
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3 VEHICLE OPERATING COSTS

3.1 Sources of Data

In this chapter an analysis of financial vehicle operating costs for each of the
TRACECA countries is presented. As explained in Chapter 2, attention has be-
en focused on vehicle operating costs as by far the most important component
of road user costs. However, the potential significance of including the cost of
passenger time savings and the cost of goods in transit is also examined. The
main purpose of the analysis is to demonstrate the importance of vehicle opera-
ting costs in total transport costs and to show how they vary with road condition.

The inputs for the vehicle operating costs analyses for the TRACECA countries
are based on data collected during field visits and on information in other con-
sultants’ road feasibility study reports. Information for Turkmenistan was derived
from the Consultant's 1995 study for the European Bank for Reconstruction and
Development entitled “Review of Administration and Financing of Road Impro-
vement”. This information, notably on prices, was updated to reflect changes in
Turkmenistan since 1995.

Considerable use has also been made of the following consultancy studies in
the TRACECA countries which incorporate vehicle operating cost analyses in
their findings:

. Road Rehabilitation Study in Kyrgyzstan for the Asian Development
Bank. This feasibility study of the improvement of the Bishkek-Osh road
was undertaken in 1995 by Carl Bro International a/s, Hoff and Over-
gaard a/s and Upham International Corporation

. Prefeasibility Study of the Baku-Astara Road in Azerbaijan which was
carried out by Wilbur Smith and Associates for EC TACIS in 1995 and
1996.

. Road Rehabilitation Project Kazakhstan undertaken in 1995 for the Asian
Development Bank by Louis Berger International Inc. in collaboration with
Kazdornii.

Reference has also been made to a number of earlier studies, notably the
1991“Road and Road Transport Study in Russia, Ukraine, Kazakhstan and Bel-
arus” which was produced by TecnEcon and CowiConsult for the European
Bank for Reconstruction and Development, and TecnEcon’s “Armenia Highway
Survey” produced in 1994 for EC TACIS.

The findings of the following two studies carried out in former communist coun-
tries have also been of interest in the development of vehicle operating costs
estimate in the TRACECA countries:

) The 1993 Road User Charges Study in Romania by NEDECO, DHV
Consultants and the Netherlands Economic Institute for the World Bank
and the Romanian Administration of Roads.

. The 1995 Study of Investment and Maintenance Strategy for the National
and Provincial Roads in Vietnam produced in 1995 by Scott Wilson Kirk-
patrick for the United Kingdom Overseas Development Administration
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Finally, estimates of vehicle operating costs by Kazdornii in Kazakhstan and the
Armenian Road Directorate’s Project Implementation Unit in Yerevan both uti-
lising all or part of the vehicle operating cost sub model in the World Bank’s Hig-
hway Design and Maintenance Standards Model - HDM |li - have been a particu-
larly useful source of information.

3.2 Estimating Vehicle Operating Costs

The vehicle operating costs estimates developed for each of the TRACECA
countries are based on the use of the vehicle operating sub model from the
World Bank’s HDM-Ill model. This vehicle operating cost model predicts the va-
rious components of vehicle operating costs based on assumptions about road
and vehicle characteristics and unit costs. For each country six representative
categories of vehicles were selected for costing and the operating costs for tho-
se vehicles were taken to be representative of the costs of all vehicles in that
classes in each country. The following classes of representative vehicle types
were selected for vehicle operating cost analysis:

o Passenger cars

o Utility vehicles comprising minibuses and pickups
. Large buses

. axle trucks

. axle trucks

. Trucks with more than 3 axles

This vehicle classification is the same as that used in the traffic analyses under-
taken for this study and in the traffic and vehicle operating cost inputs for the
Pavement Management System model being implemented in the TRACECA
countries. In each country a representative vehicle model was selected within
each vehicle category and the cost estimates were developed for that model.
Every attempt has been made to ensure that the representative models are the
most widely used within their class in each country. Only in Georgia was it pos-
sible to base the selection of representative vehicle models on vehicle registrati-
on data. In the other countries vehicle registration data was not available at an
adequate level of detail for this to be possible. In these countries the selection of
representative vehicie models was based on the results of the Consuitant's mo-
ving observer traffic counts and on visual observations in bus and truck parks.
Reference was also made to the representative models selected for costing in
the other consultants’ studies in Kyrgyzstan, Kazakhstan, Azerbaijan, Armenia
and Turkmenistan referred to above. Most of the vehicles in use in the TRACE-
CA countries are of Russian manufacture and there is, therefore, a much higher
degree of uniformity in the representative models than would normally be ex-
pected in a multi-country study. Details of the representative vehicle types and
models used in the analysis are set out in Annex 3, Table A.3.1.

Data inputs required for the operation of the vehicle operating cost sub model
(VOCM) can be divided in to the following six categories:

. Roadway characteristics

. Vehicle characteristics

. Tyre wear data

. Vehicle utilisation data

) Unit costs

. Additional model coefficients
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Where local data is not available for specified non-cost inputs, default values
from within the model can be used. Most of the additional model coefficients
used in this study are based on defauit values.

A detailed listing of all inputs for each representative vehicle for each country is
set out in Annex 3, Table A.3.2.

A number of general observations on the input data are in order. Most of the
technical coefficients relating to vehicle performance are based on default valu-
es within the VOCM. Technical information on the representative truck modeis,
which are all of Russian or Ukrainian manufacture, has been obtained from
other studies and technical literature.

Vehicle utilisation levels are low by international standards and this reflects the
depressed economic conditions in ail the TRACECA countries during the past 5
years and the problems faced by vehicle operators in a transition economic envi-
ronment. The age of the vehicle fleet in each country is high by international
standards and the sale of new vehicles is very low.

The scarcity of new vehicles means that it is difficult to obtain realistic informati-
on on the prices of new as opposed to second hand vehicles. The prices of se-
cond hand vehicles were checked at the weekly vehicle auctions in the capitals
of the TRACECA countries visited and prices of low kilometrage vehicles was
noted as a guide to estimating new vehicle prices. Vehicle prices are low by in-
ternational standards and this reflects their predominantly Russian origin. This is
particularly true for heavy trucks where Russian models within a given category
tend to be significantly smaller than their international counterparts and also
much cheaper.

The prices of petrol and diesel are important inputs in the VOCM and they are
an important determinant of unit vehicle operating costs. Although there are lar-
ge variations in the retail price of automotive fuels in the TRACECA countries, it
is fair generalisation to state that these prices are also low by comparison with
the prices in most advanced industrial countries and many developing countries.
The average prices of petrol and automotive diesel in each country are summa-
rized in Table 3.1. In certain cases these prices are the mid point of a range of
retail prices observed during fieldwork. In most TRACECA countries the average
1996 petrol price is within the range US$ 0.20 - 0.35 per litre and the diesel
price is within the range US$ 0.20 - 0.30 per litre. Prices in Tadjikistan are signi-
ficantly higher and in Turkmenistan significantly lower than these ranges. The
price of diesel in Azerbaijan is also very low, both in relation to the price of petrol
and in relation to diesel prices in most other TRACECA countries.
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TABLE 3.1: PETROL AND DIESEL PRICES

Armenia 0.35 0.30
Azerbaijan 0.35 0.14
Georgia 0.28 0.21
Kazakhstan 0.29 0.20
Kyrgyzstan 0.22 0.20
Tajikistan 0.43 0.40
Turkmenistan 0.10 0.07
Uzbekistan 0.38 0.30

Note: In some countries the indicated fuel price is the mid
point of a range of prices observed during fieldwork.
Source: Fuel price data and Consultant’s estimates

3.3 Relative Importance of Vehicle Operating Cost Components

The main vehicle operating cost components analysed in the VOCM are the fol-
lowing:

o Automotive fuel consumption
Lubricants consumption
Tyre consumption

. Crew time

. Maintenance spare parts consumption
. Maintenance labour time

. Depreciation and interest

. Overheads (in financial costs)

The relative importance of these operating cost components varies according to
relative prices and to the vehicle operating environment as dictated by road
geometry and surface roughness. Fuel consumption is conventionally regarded
as a major component of vehicle operating cost and this is largely true in most of
the TRACECA countries. In Turkmenistan, however, where fuel prices are
exceptionally low, fuel is a relatively minor cost item in vehicle operation. Fuel
consumption also becomes relatively less important in overall operating costs as
road conditions deteriorate and vehicle speeds decline. This is counterbalanced
by a more than proportionate increase in the importance of maintenance spare
parts consumption and vehicle maintenance costs in general.

For each TRACECA country the base financial vehicle operating costs by ve-
hicle type are set out in Table 3.2. Base vehicle operating costs are the costs on
a paved road in fair condition with surface roughness of IRl 5 metres / kilometre.
The most significant components of base costs are fuel, maintenance parts, de-
preciation and, for heavy vehicles only, tyres. Fuel generally accounts for 20 -
35 per cent of total costs for all vehicles except utility vehicles, where the pro-
portion is higher. Maintenance parts consumption is responsible for around 20 -
25 per cent and depreciation for 10 - 25 per cent of total costs. Heavy goods
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vehicles and large buses have more tyres and higher wear and tear on them
and for theses vehicles tyre costs can make up between 20 and 30 per cent of
base operating costs.

The vehicle operating cost proportions shown in Table 3.3 and in Annex 3 Table
A.3.4 are not fixed over the whole range of operating conditions. Rising surface
roughness levels reflecting deteriorating road condition results in declining ve-
hicle speeds which reduces the relative importance of fuel consumption in total
costs. Maintenance costs, however, increase in relative significance with decli-
ning road condition.

A comparison has been made of the relative importance of different operating
costs components for different vehicle types in good and bad road conditions.
In order to keep it manageable the comparison is restricted to three countries -
Armenia, Kyrgyzstan and Turkmenistan - where fuel prices are respectively hig-
her than the TRACECA average, in the middle of the TRACECA range and well
below the TRACECA range. The comparison covers roads in good condition,
denoted by an International Roughness Index (IRI) of 3 metres / kilometre, and
bad condition (IRl 12 metres / kilometre). The resuits of the comparison are set
out in Annex 3 Table A.3.4 where the cost of individual components are expres-
sed as a percentage of total vehicle operating costs.
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Table 3.2 BASE VEHICLE OPERATING COSTS BY COMPONENT

ARMENIA

Fuel 28.31 62.31 136.27 96.28 161.79 258.73
Lubricants 3.23 3.23 5.35 5.35 5.35 8.27
Tyres 3.65 4.06 118.48 52.23 125.45 266.98
Crew time 0.00 3.97 7.32 8.55 7.28 15.18
Maintenance labour 0.99 1.02 3.57 3.45 4.35 9.97
Maintenance parts 20.89 18.89 47.79 39.76 122.24 181.63
Depreciation 18.12 11.80 43.02 16.30 52.81 79.35
Interest 14.23 7.64 26.90 14.28 34.08 59.53
Overheads 0.00 10.00 20.00 25.00 25.00 25.00
TOTAL 89.42 122.92 408.70 261.20 538.35 904.64
AZERBAIJAN

Fuel 28.76 58.02 64.19 40.65 79.27 121.95
Lubricants 3.04 3.04 5.05 5.05 5.06 7.79
Tyres 4.63 4.63 117.47 47.73 161.53 268.38
Crew time 0.00 3.98 10.12 8.71 8.21 16.75
Maintenance labour 1.09 1.14 3.68 3.72 4.69 10.80
Maintenance parts 23.28 22.91 32.59 39.59 105.89 147.78
Depreciation 28.83 18.64 91.91 46.62 93.84 97.07
Interest 22.58 11.81 40.87 20.96 51.86 64.50
Overheads 0.00 10.00 20.00 25.00 25.00 20.00
TOTAL 112.21 134.17 385.88 238.03 535.34 755.02
GEORGIA

Fuel 22.68 55.54 101.29 60.76 118.76 182.89
Lubricants 3.1 3.1 5.16 5.16 5.16 7.97
Tyres 4.06 6.50 74.81 30.77 82.89 145.04
Crew time 0.00 3.10 7.05 6.06 5.72 8.81
Maintenance labour 0.77 0.83 2.92 2.90 3.46 7.84
Maintenance parts 21.07 33.13 47.80 55.79 114.18 149.68
Depreciation 23.46 25.12 76.54 28.35 77.60 101.03
Interest 20.867 15.80 47.89 22.99 51.45 64.15
Overheads 0.00 10.00 20.00 25.00 25.00 25.00
TOTAL 95.82 153.13 383.46 237.78 484.22 692.41
KAZAKHSTAN

Fuel 23.61 53.32 92.85 60.77 124.12 172.53
Lubricants 3.04 3.04 5.05 5.05 5.05 7.79
Tyres 4.30 6.50 157.68 49.96 155.93 240.05
Crew time 0.00 22.29 72.40 38.62 52.36 75.61
Maintenance labour 6.10 6.50 22.66 22.60 27.31 60.19
Maintenance parts 27.30 34.14 40.76 58.28 113.90 150.34
Depreciation 25.27 18.81 52.24 18.42 58.13 76.76
interest 17.07 10.26 27.75 12.31 27.21 42.40
Overheads 0.00 10.00 25.00 25.00 25.00 25.00
TOTAL 106.69 164.86 496.39 291.01 589.01 850.67
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Table 3.2 BASE VEHICLE OPERATING COSTS BY COMPONENT

KYRGYZ REPUBLIC

Fuel 17.73 40.08 97.29 60.14 91.65 168.71
Lubricants 3.46 3.46 5.74 5.74 5.74 8.86
Tyres 4.63 6.90 183.39 71.42 161.76 361.82
Crew time 0.00 9.43 19.24 20.22 16.54 35.55
Maintenance labour 2.51 2.79 9.85 8.42 11.84 27.12
Maintenance parts 21.07 36.54 57.00 42.43 118.40 170.65
Depreciation 25.01 18.46 60.58 36.21 52.71 54.95
Interest 25.53 14.69 42.06 33.60 41.06 51.00
Overheads 0.00 10.00 12.00 22.00 22.00 22.00
TOTAL 99.94 142.35 487.15 300.18 521.70 890.66
TAJIKISTAN

Fuel 34.27 79.57 185.63 121.56 197.08 335.86
Lubricants 3.46 3.46 5.74 5.74 5.74 8.86
Tyres 4.47 6.50 175.86 96.27 170.13 377.75
Crew time 0.00 14.17 17.22 18.92 23.03 37.12
Maintenance labour 2.30 2.50 8.81 8.00 10.61 23.79
Maintenance parts 23.32 36.40 56.65 47.35 125.85 161.67
Depreciation 24.16 18.12 61.01 27.19 49.61 52.12
Interest 20.69 12.39 34.52 21.08 32.65 42.18
Overheads 0.00 10.00 12.00 22.00 22.00 22.00
TOTAL 112.67 183.11 557.44 368.11 636.70 1061.35
TURKMENISTAN

Fuel 8.23 20.14 31.84 23.62 37.82 60.96
Lubricants 1.15 1.15 1.91 1.91 1.91 2.95
Tyres 4.87 4.87 118.33 72.39 125.39 295.46
Crew time 0.00 8.22 13.91 16.87 13.84 28.79
Maintenance labour 1.89 2.07 6.98 7.04 8.81 19.41
Maintenance parts 20.89 26.43 46.77 60.52 128.27 154.96
Depreciation 25.89 16.19 72.96 26.26 64.86 79.27
Interest 16.95 9.19 35.75 19.12 29.71 43.89
Overheads 0.00 10.00 22.00 25.00 25.00 25.00
TOTAL 79.87 98.26 350.45 252.73 435.61 710.69
UZBEKISTAN

Fuel 31.28 73.75 136.46 96.58 162.07 261.27
Lubricants 3.23 3.23 5.35 5.35 5.35 8.27
Tyres 4.47 6.50 118.33 69.56 125.39 268.60
Crew time 0.00 6.41 12.41 14.50 12.34 25.56
Maintenance labour 1.67 1.83 6.15 6.20 7.88 17.22
Maintenance parts 23.88 34.35 45.26 54.47 125.85 153.86
Depreciation 29.59 20.59 70.60 23.49 61.77 77.66
Interest 19.37 11.24 34.59 16.91 28.29 42.99
Overheads 0.00 10.00 20.00 10.00 20.00 20.00
TOTAL 113.49 167.90 449 .15 297.06 548.94 875.43

Note: Financial vehicle operating costs
Source: Consultant's estimates
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The significance of fuel prices is evident from the wide differences in the relative
importance of fuel consumption in total operating costs in the three countries. In
Armenia, where automotive fuel prices are at the top end of the range in
TRACECA countries, fuel accounts for one third or more of total operating costs
on roads in good condition. This drops to 20 - 30 percent of total costs on paved
roads in bad condition. In Turkmenistan, on the other hand, fuel consumption
only accounts for around 10 percent of total operating costs on good roads and
6 - 8 percent on bad roads.

Tyres are a more significant cost component for heavy vehicles than for light
passenger vehicles. Tyre costs actually decline in relative importance with in-
creasing road roughness and declining vehicle speeds. Maintenance parts con-
sumption increases sharply in relative importance as a component of operating
costs as road roughness increases. Although maintenance labour increases in
the same way, the low wage levels in the TRACECA countries means that this
does not have as big an effect on costs as in higher income countries.

3.4 Summary of Base Vehicle Operating Costs By Vehicle Type and Country

The basic vehicle operating costs estimated for the representative vehicle types
in the TRACECA countries are summarised in Table 3.3. These base costs are
representative costs on paved roads in fair condition with a surface roughness
of IRl 5 metres / kilometre.

The range of financial operating costs for each vehicie type over the TRACECA
region can be summarised as follows:

. Cars US$ 0.08 - 0.11 per kilometre
. Utility vehicles US$ 0.10 - 0.18 per kilometre
) Large buses US$ 0.35 - 0.50 per kilometre
. axle medium truck US$ 0.24 - 0.30 per kilometre
. axle heavy truck USS$ 0.44 - 0.64 per kilometre
. axle heavy truck with trailer US$ 0.09 - 1.06 per kilometre

A significant part of the reason for the differences in operating costs for given
categories of vehicles is the variation in automotive fuel prices. These vehicle
operating costs are quite low by international standards and the main reason is
low vehicle prices, low fuel prices and low maintenance labour and crew costs.
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SUMMARY BASE VEHICLE OPERATING COSTS

Armenia 0.09 0.12 0.41 0.26 0.54 0.90
Azerbaijan 0.1 0.13 0.39 0.24 0.54 0.76
Georgia 0.10 0.15 0.38 0.24 0.48 0.69
Kazakhstan 0.11 0.16 0.50 0.29 0.59 0.85
Kyrgyz Republic 0.10 0.14 0.49 0.30 0.52 0.89
Tajikistan 0.1 0.18 0.56 0.37 0.64 1.06
Turkmenistan 0.08 0.10 0.35 0.25 0.44 0.71
Uzbekistan 0.1 0.17 0.45 0.30 0.55 0.88

Note: Financial vehicle operating costs
Source: Consultant's estimates

3.5

3.5.1

The Effect of Road Conditions on Vehicle Operating Costs

Road Condition and Road Surface Roughness

Deterioration in road conditions results in increases in vehicle operating costs.
For the road user changes in road condition are mainly refiected in changes in
surface roughness or bumpiness. There are several measures of road surface
roughness, but the International Roughness Index (IRl) has emerged as the
most commonly used international standard measure. The IRI reflects the cumu-
lative vertical movements in a vehicle’s rear axle per kilometre and it is expres-
sed in metres per kilometre. Our discussion of the relationship between road
condition and vehicle operating costs must involve frequent references to diffe-
rent levels of IRI and it is important to be quite clear about what they mean in
qualitative terms.

The range of surface roughness usually considered in highway studies is from
IRI'2 m/km to IRI 20 m/km. A roughness level of less than IRl 3 m/km means
that the road is in excellent to good condition. For paved roads an IR| of 10
m/km or more denotes a road in bad to very bad condition and anything over IRl
12 m/km would indicate extensive pavement failure or loss of pavement. On un-
paved roads roughness levels are generally higher than on paved roads and
slightly more relaxed qualitative standards are usually applied. For example, an
unpaved road with an IRI of less than 5 m/km would be considered to be in good
to quite good condition and very bad condition might be considered to be IRl 15
and over. When surface roughness levels approach IRl 20 m/km it is doubtful if
the road retains any engineered properties and for operating purposes can be
considered to be a track.

This study is mainly concerned with the inter state and intra state main road
networks in the TRACECA countries and the overwhelming majority of these are
paved. This section will, therefore, concentrate on roughness leveis on paved
roads. The following indications of road condition at different roughness levels
will be helpful in understanding the subsequent discussion of the relationship
between road surface roughness and vehicle operating costs.

TAUSER\PROJEKTENABT2ATEXT\240\58821\REPORTSIFINRD-E2 DOC



INGENIEURE

-17 -

Roughness IR! < 3.0 m/km

Vehicle speeds of over 120 km/h are comfortable. No depressions, potholes or
corrugations are noticeable. This roughness level would be associated with high
quality asphalt and, possibly, very good quality surface treatment. International
evidence suggests that concrete pavements rarely achieve roughness levels this
low.

Roughness IRl 4.0 - 5.5 m/km

In vehicles travelling at 80 km/h moderately perceptible movements or large un-
dulations may be felt. Defective surface is evident with occasional depressions,
patches or potholes or many shallow potholes. In the absence of visible surface
defects there may be moderate corrugations or large undulations. Concrete pa-
vements built during the Soviet era were unlikely to have had initial roughness
levels below IRl 4 m/km

Roughness IRI 7.0 - 8.0 m/km

At vehicle speeds of 70 - 90 km/h the ride remains reasonably comfortable, but
there are strongly perceptible movements and swaying usually associated with
defects. These may take the form of frequent, moderate and uneven depressi-
ons or patches, and occasionally potholes.

Roughness IRI 9.0 - 10.0. m/km

The ride only remains comfortable at vehicle speeds of 50 - 60 km/h and there
can be frequent sharp movements and swaying. These are associated with se-
vere defects taking the form of frequent, deep and uneven depressions, patches
and potholes.

Roughness IR 11.0 - 12.0 m/km
Vehicle speeds generally have to be below 50 km/h because there are many
deep depressions and severe disintegration.

In the following discussions of surface roughness and vehicle operating costs
the above qualitative categorisation of pavement condition will be simplified as

follows:

) IRl 3 m/km or less - good condition

) IRl 5 - 6 m/km - fair condition

. IRl 7 - 9 m/km - moderate to poor condition

) IRI 10 m/km or over - bad to very bad condition
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Table 3.4 TOTAL VEHICLE OPERATING COSTS AT DIFFERENT ROAD SURFACE ROUGHNESS LEVELS

Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyzstan
Tajikistan
Turkmenistan
Uzbekistan

3,147.8
4,689.0
5,005.3
17,496.0
3,109.9
1,785.2
7,682.6
21,825.0

1,970.0
4,496.0
2,088.4
10,089.0
1,506.1
620.6
3,5645.4
10,466.7

309
967
293
2,004
297
147
841
2,635

354
1,095
336
2,360
341
166
972
3,009

404
1,236
387
2,756
390
188
1,112
3,418

461
1,392
444
3,190
444
212
1,263
3,862

Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyzstan
Tajikistan
Turkmenistan
Uzbekistan

ALL

14.5 31.0 49.4
13.2 27.8 43.9
14.9 32.1 51.5
17.8 375 59.2
14.7 31.2 49.4
13.3 28.2 44.6
16.56 32.2 50.1
14.2 29.7 46.6
15.2 32.0 50.4

Source: Consultant's estimates
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3.5.2 The Relationship Between Vehicle Operating Costs and Road Roughness

The World Bank’s HDM-IIl model is a road simulation model and the vehicle
operating cost sub model within it simulates the behaviour of vehicles in respon-
se to actual and predicted changes in road condition and surface roughness.
The slightly simplified vehicle operating cost sub model (VOCM) used for this
study presents the relationship between road roughness and vehicle operating
costs in the form of the following two alternative formulations:

. VOC =a+ b (IRI) + ¢ (IRI*2)
. VOC = exp[a + b (IRI)]

where  VOC = unit vehicle operating cost per kilometre
IRl = road surface roughness in metres per kilometre
a and b are parameters to be solved for each vehicle type

In practice, the first form of the simplified model has been found to give the
better statistical relationship in the TRACECA countries and it has been adopted
for use in this study.

On the basis of the inputs described earlier, vehicle operating cost estimates
have been prepared for each of the six representative vehicle types in each
TRACECA country. The detailed results are presented in Annex 3 Table A.3.5 .
This shows the results from the model for each vehicle type in each country and
the unit vehicle operating costs per kilometre at IRl 3 up to IRl 15 m/km. All ope-
rating costs are in US dollars.

The results can be summarised quite briefly. For each increase in road surface
roughness of IRl 1 m/km unit vehicle operating costs rise by 5 - 7 percent for
light vehicles and 2 - 5 percent for heavy vehicles. When allowance is made for
the structure of traffic and the mix of vehicle kilometres in the TRACECA coun-
tries, each increase of IRl 1 m/km in surface roughness can be shown to resuit
in an increase in total vehicle operating costs of 4 - 5 percent. Translating this
into a comparison of vehicle operating costs on roads in good, fair, poor and
bad condition, the overall average increase in operating costs compared with a
road in good condition are as follows:

- Road in fair condition (IRl 6 m/km) - operating costs 15 percent higher
- Road in poor condition (IRl 9 m/km) - operating costs 32 percent higher

- Road in very bad condition (IRl 12 m/km) - operating costs 50 per cent
higher

Total vehicle operating costs in each country have been estimated by multiplying
the unit vehicle operating costs for each vehicle type by the total annual vehicle
kilometres for the same vehicle types. The vehicle kilometre estimates for each
country are described in Chapter 6. Total vehicle operating costs in each country
at different roughness levels are shown in detail in Annex 3 Table A.3.6. The re-
sults are summarised in Table 3.4. In Kazakhstan, for example, an increase in
average main road roughness levels from , say, IRl 5 m/km to IRl 6 m/km would
result in an increase in annual vehicle operating costs on main inter urban roads
of US$ 123 million at present traffic levels. This is US$ 52 million or 75 percent
more than the country’s total road budget in 1995. Examples from the other
countries would show a similar picture.
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Road surface roughness levels have been reported to be increasing at around 7
percent a year on the main roads in the TRACECA region and in some coun-
tries such as Armenia and Georgia it could be nearer 20 per cent. Assuming an
annual rate of increase of 10 per cent in average main road network roughness
it would take 7 years for average network condition to deteriorate from good (IRl
3 m/km) to fair (IRl 6 m/km) and a further 4 years for it to deteriorate to poor (IRl
9 m/km). At the much higher rates of deterioration reported in the Caucasus re-
gion the same developments would take 4 and 2 years respectively. In Armenia
an increase in average main road network roughness from IRl 3 to IRl 6 m/km
implies an increase in annual vehicle operating costs of US$ 45 million at
present traffic levels and if roughness progression really is 20 percent a year,
this loss would be incurred over only 4 years. A further increase in average
roughness from IRl 6 m/km to IRI 9 m/km over two or three years would resuit in
a further increase of US$ 50 million in vehicle operating costs at present traffic
levels.

These operating costs magnitudes obviously have a potentially serious impact
on costs elsewhere in the economy. They also provide a clue as to why appro-
priate road maintenance and rehabilitation designed to arrest road network
roughness progression has such a high economic priority. Such maintenance
and rehabilitation can be undertaken for costs which are very significantly less
than the potential savings in vehicle operating costs which they can bring about.
For this reason appropriate road maintenance and rehabilitation programmes
have high economic rates of return which is another way of saying that they are
of high economic priority.

3.6 Economic Significance of Vehicle Operating Costs

In the TRACECA countries as a group vehicle operating costs on the main inter
urban road networks amount to not less than 14 percent of Gross Domestic
Product (GDP) or 6 percent of GDP at purchasing power parity. The estimates
of GDP are based on data from the World Bank and the European Bank for Re-
construction and Development (EBRD).

There are some variations about this average in the different countries, but only
in Azerbaijan is it significantly different. The available data suggest that total in-
ter urban main road vehicle operating costs in Azerbaijan could amount to more
than 30 percent of GDP or 10 per cent of GDP at purchasing power parity. This
ratio double the TRACECA region average and it seems unlikely to be correct.
There are two possible explanations. The first is that the available estimates of
Azerbaijan’s GDP may be too low. The second is that the data on Azerbaijan
traffic on which our estimates of vehicle kilometres and, hence, total vehicie
operating costs are based may be significantly overstated. However, the degree
of overstatement of traffic volumes would have to be very large indeed to ex-
plain such a high ratio of operating costs to GDP, and this to be inherently unli-
kely. Given the presently available data, an underestimate of GDP seems to be
the more plausible explanation.

The ratios of total vehicle operating costs to GDP in the TRACECA countries are
high enough for the economic significance of rising, or indeed falling, road roug-
hness levels to be self evident. A comparison of total vehicle operating costs
and GDP in each of the TRACECA countries is set out in Annex 3 Table A.3.7.
Background economic data are presented in Table A.3.8.
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3.7 Potential Significance of Passenger and Goods Delay Costs

The overwhelming importance of vehicle operating costs in road user costs has
already been discussed briefly in Chapter 2. The main evidence for this is the
work undertaken in the road feasibility studies in Azerbaijan and Kyrgyzstan un-
dertaken respectively by Wilbur Smith and Associates and Carl Bro International
a/s. In the Baku - Astara road study in Azerbaijan the consultants estimated ve-
hicle operating costs and passenger delay costs. In Carl Bro International’s stu-
dy of the Bishkek - Osh road in Kyrgyzstan vehicle operating costs and the costs
of delays to goods in transit were estimated.

The assessment of passenger delay costs involves the following steps:
. Estimating the average number of passengers per vehicle.

) Estimating the value of time for different categories of passengers which
involves obtaining information on passenger occupations.

. Estimating what proportion of passenger time saved could be used pro-
ductively. This is usually based on information on trip purposes derived
from detailed roadside interview surveys of vehicle drivers and passen-
gers.

The valuation of the cost of delays to goods in transit involves valuing the goods
making up vehicle loads and the cost of time represented by an interest rate.

The information required for these valuations is very detailed which explains why
estimates of the cost of delays to passengers and goods is only attempted in the
context of detailed road feasibility studies. Experience from many road feasibility
studies in low income countries throughout the world has shown that the eco-
nomic value of passenger and goods time saved is usually a very small fraction
of the value of vehicle operating costs. This is another reason why they are so-
metimes omitted from studies which are being undertaken under limited budgets
and time constraints.

Using the methodology described above, the consultants undertaking the stu-
dies in Azerbaijan and Kyrgyzstan estimated the value of delays to passengers
and goods in transit as follows:

o Azerbaijan. The valuation of passenger time was based on average wa-
ge rates and on this basis, and taking account of occupational catego-
ries, the time of car and bus passengers was estimated to be equivalent
to US$ 0.51 and 0.35 per hour. However, it was assumes that only 30
percent of car passengers’ and 20 percent of bus passengers’ trips were
for economically productive purposes and the real value of time saved
was accordingly reduced to these proportions of the full time value. In
effect the real hourly value of passenger time saved was US$ 0.15 for
car passengers and US$ 0.07 for bus passengers. The average number
of passengers per vehicle was assumed to be two for cars and thirty
four for large buses. The value of delays to goods in transit was not
estimated, presumably because it was assumed to be insignificant.

) In the Kyrgyzstan study passenger time values were also based on
weekly wage rates and an undifferentiated hourly value of US$ 0.36 was
initially estimated for passengers of all vehicle types. However, only 50
percent of passenger time saved was assumed to be potentially used
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productively and the real value of passenger time saved was, therefore,
US$ 0.18. Average vehicle occupancy was assumed to 3.5 passengers
per car, 6.5 passengers per utility vehicle and 32 passengers per bus.

. Kyrgyzstan cargo delay costs. The basis of the estimate was an as-
sumption from origin-destination survey evidence that 10 percent of
trucks were carrying perishable commodities, mainly fruit and vegetables,
and 50 percent were carrying non-perishable goods. A representative
value of US$ 200 per tonne was estimated for perishable cargoes, 0.5
percent of the cargo was assumed to be spoiled per day and an hourly
interest rate of US$ 0.013 was calculated. The hourly cargo delay cost
was accordingly estimated at US$ 0.01 per tonne of truck capacity and
this translated into the following cargo delay costs by truck type:

- 2 axie truck USS$ 0.05 per hour
- 3 axle truck US$ 0.10 per hour
- >3 axle truck US$ 0.15 per hour

In order to test the significance of passenger and goods time costs compared
with vehicle operating costs in Azerbaijan and Kyrgyzstan we have entered as-
sumed time values into the operating cost model for each country and rerun the
model. In fact the passenger time value for Azerbaijan was rounded up to a
uniform US$ 0.15 per hour for passengers on all vehicle types. Kyrgyzstan pas-
senger time value was rounded up from US$ 0.18 per hour to US$ 0.20 per
hour. The value of goods delay costs per hour were as set out above. The re-
spective models for the two countries were then run and the results are summa-
rises in Annex 3 Table A.3.9

In Azerbaijan annuai passenger time costs only account for 3.9 per cent of the
total of vehicle operating costs and passenger time costs. In Kyrgyzstan the
proportion is 5.9 per cent. Cargo delay costs were only valued in the Kyrgyzstan
study and they vary insignificant indeed. Compared to annual vehicle operating
costs of US$ 324.1 million and passenger time costs of US$ 20.3 million, cargo
delay costs amounted to only US$ 679,000 or 0.2 per cent of total road user
costs. A number of tests for other TRACECA countries showed the same pictu-
re.

In view of the low prevailing income levels and the resulting very low economic
time values in the TRACECA states their marginal contribution to road user
costs in the inter urban road context hardly justifies the considerable effort requi-
red to quantify them. This conclusion would not, however, be necessarily valid in
the urban road transport context.
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ECONOMIC IMPACT OF ROAD MAINTENANCE

Introduction

The purpose of road maintenance is to make sure that a road does not fail befo-
re its design life. Successful road maintenance achieves this by reducing the
road’s rate of deterioration and, by siowing down the rate of surface roughness
progression, it enables road user costs to be lower than they would otherwise
have been. The overwhelming importance of road user costs in total road trans-
port costs has already been demonstrated in Chapter 3 and anything which re-
duces these costs has a significant effect. The economic impact of a reduction
in road user costs must, however, be assessed in relation to the costs of achie-
ving it. In this respect, maintenance, which is a relatively low cost activity in
comparison, for example, with new road construction, is highly desirable from
the economic perspective as well as being good engineering practice. This is re-
flected in the high economic rates of return to maintenance programmes which
are appropriate in scale and timing. In short, road maintenance is one of the
most appropriate uses of scarce budgetary resources in the transport sector.

in the past the main problem with road maintenance in many low income coun-
tries had nothing to do with engineering or economics, but rather with image.
Road maintenance was perceived to be a rather mundane activity with none of
the political attractions of higher profile new construction projects. In Africa and
Latin America this led to a neglect of road maintenance and a very high econo-
mic costs were subsequently incurred. The sharp contraction in highway bud-
gets in the late 1970s and 1980s came about just as the effects of neglected
maintenance were becoming highly visible. Attitudes toward highway mainten-
ance have subsequently changed and this reflects both the new budgetary rea-
lities and the prompting of international donors such as the World Bank.

In the TRACECA countries highway maintenance has been inadequate in the
1990s and the effects are becoming evident in rising road surface roughness
levels. This means that in the more serious cases rehabilitation is needed as
well as maintenance. In the most serious cases the situation will have deteriora-
ted to a point where the pavement may have to be completely reconstructed.
The progression from routine and periodic maintenance to rehabilitation and re-
construction involves very large increases in the cost of roadworks. Inadequate
allocations of funds to road maintenance have been a result of severe contracti-
ons in state budgetary resources and this in turn has reflected the economic
crisis experienced by most of the TRACECA countries.

Road Maintenance, Road Condition and Road User Costs

The use of computerised models to simulate pavement behaviour has enabled
the effects of different maintenance levels on road condition and road user costs
to be predicted with greater precision in recent years. The development of the
World Bank’s HDM-IIl modei and its use to analyse the economic implications of
network deterioration in low income countries in the late 1980s did much to
focus attention on the vital importance of appropriate maintenance. It has also
been widely used to develop optimum maintenance and rehabilitation strategies
for different road conditions with and without budget constraints.

Under the current TRACECA project all 8 recipient states are provided with
hardware and software for a computerised data base and a pavement mana-
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gement system (PMS).The model used in this PMS to predict pavement dete-
rioration and surface roughness progression is from the latest version of the
World Bank’s Highway Design and Maintenance Standards model (HDM-IV)
which is currently being tested. The model basically takes account of existing
pavement condition as measured by roughness (IRl in m/km), pavement age
and strength, the incidence of rutting and cracking, cumulative pavement dama-
ge from axle loading and environmental factors represented by an environmen-
tal coefficient. The specification of the roughness prediction model is as follows:

IRl = 0.98*™*[Rlo + 135SNCK4® * NE{] + [0.143 * RDS{] +[ 0.0068 * CRX,] +[ 0.056 * PAT]

Where SNCKs = 1+ SNC -0.00004 * HS * CRX;

Rl = roughness at pavement age t, IRl in m/km

Rlo = initial roughness, IRl in m/km

NE; = cumulative equivalent standard axle loads (ESAL) at
age t, in million ESA/lane

t = pavement age since construction or  rehabilitation in
years

m = environmental coefficient

SNC = structural number modified for subgrade strength

HS = thickness of bound layers in mm

CRX: = area of indexed cracking (%) at time t

RDS: = standard deviation of rut depth in mm at time t

PAT: = area of patching (%) at time t

The use of this and other pavement models in engineering and economic ana-
lysis of road maintenance and rehabilitation is needed to predict the progression
of surface roughness with or without some form of treatment, and the reduction
of roughness resuiting from a treatment. Once the year by year roughness has
been predicted, there is a direct link with road user costs via the type of models
illustrated in Chapter 3.

The economic analysis of alternative maintenance and rehabilitation options ta-
kes the form of a discounted cash flow analysis over a defined period or life cy-
cle. It is customary in this type of analysis to compare one or more defined alter-
natives with an option representing doing the minimum possible. The latter is
sometimes called the Without situation”and the former the With situation(s)” It

is important to realise that over long appraisal or life cycle periods of 10 or more
years doing the minimum in the Without situation”is very unlikely to mean doing
nothing. Therefore, the occasional references to the Ho nothing situationWhich
are encountered in some analyses are misleading and they should be avoided.
The total engineering and road user costs under the two options are compared
and the results are expressed in the form of different measures of economic
feasibility or project worth. These include the Net Present Value (NPV) which is
the sum of the discounted net benefits over the defined appraisal period, the
NPV per kilometre, and the Internal Rate of Return (IRR ), which is the discount
rate at which costs and benefits are equated. The Benefit/Cost Ratio (B/C ratio)
is also sometimes used, particularly when establishing priorities under budget
constraint. The B/C ratio is the ratio of discounted benefits to discounted costs.

These measures indicate economic priority, although on technical grounds the
NPV and B/C ratio are superior to the IRR for this purpose. The general decision
rule is that the higher the NPV, B/C ratio and IRR, the higher the economic
priority of the proposed expenditure. When choosing between a number of al-
ternative maintenance strategies for a given combination of road condition and
traffic, the strategy showing the highest NPV or NPV per kilometre is normally
chosen. The IRR is not a particularly reliable measure for ranking alternatives in
order of economic priority, but it is widely used, particularly by international do-
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nor organisations, because its use avoids the necessity of defining the appro-
priate discount rate to be used in different countries.

A detailed description of economic project appraisal methodologies is not requi-
red in a study such as this. The brief summary given above is designed to provi-
de sufficient background explanation to facilitate understanding of the two illu-
strative examples of the economic effects of road maintenance which are set
out in Tables 4.1 and 4.2.

These two examples are taken from the maintenance strategy analyses under-
taken within the pavement management system currently being implemented by
the Consultant in the TRACECA countries. in Table 4.1 the economic analysis
compares the following alternative strategies for a specified road section:

. Undertake routine maintenance and patching only in a do minimum
strategy.

) Provide an initial overlay, undertake routine maintenance and patching,
and then provide a subsequent overlay at a defined roughness threshold
level.

The table shows how roughness progresses under the alternative scenarios and
how this affects the level of road user costs. The net economic benefits in each
year are obtained by subtracting total transport costs under Strategy 1 from total
transport costs under the minimum maintenance strategy (Strategy 0). The re-
sults of the discounted cash flow analysis show that Strategy 1 is economically
highly desirable and preferable to the minimum maintenance strategy because
the NPV at the indicated discount rates is positive. If the do minimum strategy
had been the better one, the NPV would have been negative at the indicated
discount rates and the IRR would have been below 10 or 15 percent. The ana-
lysis shows that spending US$ 788,086 more than required by the minimum
maintenance alternative results in this instance in an undiscounted saving in to-
tal transport costs of US$ 2.5 million over the appraisal period.

The second example set out in Table 4.2 involves a similar comparison of a mi-
nimum maintenance strategy of routine maintenance and patching with a stra-
tegy involving deferred rehabilitation in addition to routine maintenance and pat-
ching. Roughness under the two alternatives is the same until Year 6 when the
deferred rehabilitation takes place and there are, therefore, no saving in road
user costs until Year 6. The result of this comparison shows that the strategy of
deferred rehabilitation in this situation is of only marginal priority and its econo-
mic feasibility is dependent on what is defined as the appropriate discount rate.
If the discount rate is only 10 percent, the deferred rehabilitation strategy is ac-
ceptable, but if it is 15 percent, the minimum maintenance strategy is preferable.

The analysis of optimum maintenance strategies involves repeating this type of
analysis many times for alternative road expenditure options. In the pavement
management system being implemented in the TRACECA countries an ex-
haustive list of options is compared for each road section, and only the 20 opti-
ons showing the highest economic priority are stored in the computer database
for future reference.

Traffic volumes obviously have an important effect on road pavements, but the
precise nature of the effect is not aiways clearly understood. The inclusion of
cumulative equivalent standard axles as an important variable in the model set
out above gives an idea of the nature of the traffic effect. This is discussed more
fully below.

TAUSER\PROJEKTEVABT2ATEXT\243\58821\REPORTS\FINRD-£3 DOC



| abey

S81BWIIS $,JUBYNSUCD 32IN0S

000 811 UNOJSIP % v6° LT @ unry 18d AdN

£5'92 218) WNOISIP %G1 @ W J2d AdN

85'89 8181 JUN0ISIP %0 | @ W 1ad AdN

v6°12Z (% Yyi) LNiaYy 4o aley [euIBIY)

00'0 8181 JUNOISIP % ¥6°LZ © (AJN) 3NEA 1uasaid 1aN]

Ohmmr 2}Bl Junoasip o\omF @ A>n_zv UD_N\/ ucmmmhm «02

90°08% 2181 3UN0ASIP %01 @ (AN) BN[BA 1UasaId 18N

90°£L08'Z 62'88L°'L |[r3986'9 0L88L 007l 0£8620L Joe 1820l 000 00¥L S|E10] paunadsipun
66°80% losLvs 9L LbS 00°0 040 S8°056 §1'056 000 0L'0 §2°8 z6'91 1T€ SZ°0 G102 6l
61°99¢ 90°LLG 9E°0LS 00'0 0L0 S2'L18 §5'9/8 000 0L'0 50°'g zz'9l z0'€ ¥2°0 y10Z 8l
9z7°62¢ 81°Z8Y 8V’ L8P 000 0470 o LLS ¥L018 000 oL'0 98'v 8G°GlL 8LT zT0 gLoz L
15°96¢ 80°GGY 8E'¥5b 00'0 0L'0 65°LSL 68°0§. 000 0L°0 89'% L6Vl 952 1Z°0 AR A1
y1°292 88'6ZP 8L'62¢ 00°0 0L0 10°L69 LE'969 000 0Lo s or' vl 5E°Z 0z'0 Loz st
68°0VC 61°90% 6¢'G0P 00°0 0L°0 80°Lb9 8E°9¥9 000 oL 9e'y S8'El Y4 6L°0 ooz vl
85212 £6°£8€ £Z'E8E 000 0L°0 8t°109 84°009 000 0L'0 Ly €EEL 961 8L°0 6002 €1
8L°961 66'29¢ 62'29¢ 000 0L0 L1665 L0'6GG 000 0L0 90t v8°ZL 8L1 10 800z 2zl
§9°Lb2- 66°8bL 85'ZvE 0L'50¥ 0L'0 e L0S $9'906 000 0L'0 z6e 08°LL 19°L (Lo 00z LL
98°GLL v0°LSE ¥E°9GE 00°0 0L0 06°2LY 0TZLY 000 0L0 L9°g SELL voL 910 900Z Ol
88'¥01 z£'9EE z9'SeE 00°0 0L'0 0z’ Ltv 05°0vy 000 0L0 S¥'S £6°0L 871 YN0 G002 6
10'96 Z6°9LE ZzZ'9le 00°0 0L'0 £6°LLY €ZLLY 000 0L0 vZ'g 1501 €11 ¥1°0 v00Z 8
86'G8 Jos's62 9Z'862 00'0 0L'0 V6 v8E $TH8E 000 0L'0 v0°G AN 66°0 v1°0 €002 £
€8'2L L1'z82 Lb'18Z 00°0 0L'0 b6 vSE $TPSE 000 0L0 98'v 96 58°0 €L°0 zooz 9
76°59 0€°992 09'69¢ 000 0.0 zZ'ZEE ZG'LEE 000 0L'0 89'¢ LL'6 740 £L°0 100Z S
0£°'19 96°852 97'862 00°0 0L'0 92°0ZE 95°'61E 000 0L0 zs'v 9L'L 65°0 AN 000z ¥
10°4S 06°LSZ 0z'162 00°0 0L'0 16°80E 12’80 000 0L°0 9E'Y £t'8 L0 ZL'0 666L €
£0'ES 0L'Sb2 o' b¥z 00°0 0L°0 £1°862 €¥'L6T 000 0L'0 1Ty zZ1'8 GE'0 (AN 866l ¢
AN 14 G6'8EZ G8'LET 00°0 0L'0 18182 L1182 000 0L'0 90t 18°¢ £2°0 AN L661 L
bLGEE- v6°EL9 ¥S'LET ov'Z8E 0L°0 0Z'8L2 05£LZ 000 0L'0 Z6'€ 757 Lo 110 966L O

SIX'L-¥3718vVL

‘NOILY LiTI8YHIY ONV IONVYNILNIVIN 40 LDV DINONODT JFHL 40 JTdWVX3 'Y 8I9EL



| abeyq

$81BWIIS3 S,JUB}NSU0) 182IN0S

000 8121 JUNQISIP % $6°1Z © W) 18d AdN

8Lv- 21eJ JUNOISIP %G| @ wHy Jad AdN

£6°01 81BJ JUNOJSIP %0 @ W) 180 AdN

z8°'TL (% Wy} uiMay 4o |ley jeussiul

000 8124 JUNOJSIP % ¥6°LZ @ (AdN) 8njeA 1uasald 18N

6v°€E" 8181 1UNOJSIP %Gl @ (AdN) BNjeA JuBsaIg JON

0L'EL 9181 1UNOTSIP %01 @ (AdN) @n[eA WBSBId 18N

6L pZL L [esssi'y £8'0G6'E 00008 00'8 Z20'£88°S 70°'6/8'G 000 00'8 S1E301 PSIUNOISIPUN
[ N7 4 _mo.NmN £9°162 00'0 o0 GE'EYS S6°ZYS 000 ov'o 60°Y z6'91 LTE SZ°0 G107 6l
55622 vi'GLT vE'SLT 00°0 oo 6Z°10S 68°006 000 ovo 16'E zZz 9l Z0°€ vZ'0 v10¢ 8t
$Z'€02 vt 092 0°09¢ 00°0 (o1 0) 89°'£9Y 8Z°€9Y 000 0v°0 SL'E 86761 8LC zz0 £L0z L1
9£°€81L rAN:174 L6V 00°0 ov'o 8v 6Zv 80°6Zv 000 ov'0 6S°E 6V 95°C 1Z°0 zLoz 9l
v9°591 me.NmN [ TARd¥A 000 ov'o 62°86€ 68°L6E 000 ov'o 1283 ov'vL SE'T 0z'0 1107 St
8L°6t1 86°61Z 85612 000 oo kwh.mmm 9£°69¢€ 000 ov'o 0E°'E S8EL sz 610 ooz ¥L
LG'GEL 0Z'80Z 08202 000 ov'0 0L EVE 0£°Eve 000 o¥°0 LLE g€ecl 96°L 8L0 6007 €l
8L'ZTL 60°L6L 69°961 00°0 0v'0 L8'6LE LY'BLE 00°0 0v°0 S0'E v8°zZL 8Lt 110 800Z Tl
62°E0L z9'98L zz'981 000 (e 200) 167682 15682 00°0 o0 £6°C 08'L1L 1971 10 tooz 1L
6£°E6 8oLl vr9LL 00°0 ov'o £2°0LZ £8°692 000 ov'0 £8°C GeLL oL a0 900z Ot
zZs'v8 097291 0Z'L91 00°0 ov°0 LL'Z82 LL18z 000 0v°0 LT £6°0L 8T'L 510 S00C 6
z6'9L £8°85L Ly°8G1 00°0 ov'0 6£°GEZ 66°VEZ 000 0¥°0 £9'Z 16°01 gLt L0 00z 8
££'69 £9°0GL £2°0G1 000 o0 L6612 LSBLT 00°'0 o0 Sz 1ol 660 L0 €00z L
Z0'OvL- v8'Zv6 vyl 00008 ovo 28°202 [A 2414 000 ov'o sbz 9v'6 58°0 €L°0 00z 9
000 8681 b 681 00°0 ot°'0 v8 681 vy 681 00°0 oo 116 116 L0 €10 100z &
000 L0°E8L 19°Z81 000 ov'0 L0°e8l 19°z81 000 ov'0 1m: 9L°L 650 710 000z ¢
000 r4-X:TAR [AN: VA 000 0v'0 zG69LL AR 1A 000 0v'0 ct'8 £v'8 L¥0 [AN] 666L €
000 _om.ot 96°691 00°0 ov'o me.ot 96°691 000 ov°0 [4%:] [AN:] €0 rAN] g66L 2
000 05" b9l oLvalL 00°0 ov'0 0491 oL v9l 000 ovo 18'L 18°L £2°0 FAN) L1661 L
000 16'8G1 L9861 000 0v°0 L6'8G1 157861 000 0v'0 TS5t 5L L0 1o 966L O

SIX'Z-v3gvlL

‘NOILVLIMIAYH3Y 03¥y343a 40 1OVJWI JINONOD3 JHL 40 31dWVXIT Z't B1aBL




4.3

INGENIEURE

-28 -

The Effect of Axle Loads on Road Pavements

Heavy vehicle traffic is a an important contributor to the deterioration of road pa-
vements. This contribution to pavement damage over time is sometimes mista-
kenly attributed to gross vehicle weight, but this is only true under special
circumstances. In general, the damage caused to road pavements by vehicles is
a function of a complex combination of factors of which the weight on the ve-
hicle axles is the best known and most easily measured. Damage to bridges and
other road structures on the other hand is a function of gross vehicle weight, but
it is damage to pavements which is the main item of interest in the context of
this study.

The effects on pavements considered in this section concentrate on structural
damage, which is the most important factor influencing effective pavement life.
Other forms of damage, such as those to wearing courses, are not discussed
further because they can be attributed to all types of vehicles.

The axle load has traditionally been treated as the sole damage factor since the
research undertaken in the 1950s by the American Association of State Hig-
hway Officials (AASHTO). However international research undertaken over the
last 20 years has demonstrated that the picture is more complex and that the
following factors are also important:

the type of axle, including the number of wheels and the type of tyres,
the axle grouping - single, tandem and triple (tridem),

The surface contact pressure of the tyres and

the vehicle suspension system.

The precise effect and relative importance of these also varies according to
whether the damaging potential being considered is to flexible or rigid pave-
ments. The main problem with utilising the results of the more recent research is
that it is extremely difficult in practice to obtain adequate data on all the above
variables for each vehicle using a road. For this reason, the traditional AASHTO
based research evidence continues to be used.

According to the AASHTO research the damage to fiexible pavements from the
passage of a single vehicle axle could be described by the following expression
using the so-called “fourth power law”:

) Equivalence Factor = [(Axle weight)/Reference axle weight)]*
Where
Equivalence factor = pavement damage factor
Axle weight = the weight of a single axle in tonnes
Reference axle weight = a single axle weight of 8.16 tonnes

Occasionally a reference axle of 10 tonnes is also used. The exponent used is
commonly in the range 4.0 - 4.3. In more sophisticated formulations different
exponents are sometimes used to express the potential damage to different
layers in flexible pavements. In the case of semi rigid or rigid pavements the ex-
ponent used can be between 8 and 12. The fourth power law’suggests that the
damage to flexible pavements increases extremely rapidly with single axle loads
above the reference axle weight.

The damage to flexible pavements caused by a given load on tandem axles is
less than the damage caused by the same load on two single axles. Similarly,
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the damage caused by a load on a tridem (triple) axles is even less than the
equivalent load carried on three single axles. The AASHTO research and the
more recent research carried out in a number of member countries of the Orga-
nisation for Economic Co-operation and Development (OECD) indicate that the
damage to flexible pavements attributable to tandem axles is just over 60 per-
cent of the damage caused by the same Ioad on two single axles. in the case of
tridem axles the equivalent damage is 45 percent of the damage which would be
caused by the same load on three single axles. The national axle loading regu-
lations in various OECD countries take these damage ratios into account. These
ratios embody a high, if necessary, degree of simplification because the dama-
ging effect is also a function of the way the load is distributed over the axies and
whether single or double tyres are used. In most of the discussion in this section
twin wheeled axles are assumed. The difference in damaging power between
single, tandem and tridem axles also grows rapidly with rising load weight. This
is the obvious reason why only the heavier trucks have tandem or tridem axles.

The grouping and type of tyres also influences potential damage to pavements.
For example, wide base tyres do about 92 percent of the damage of normal
single tyres and twin tyres only do around 77 percent of single tyre damage. Fi-
nally, there are also differences in the pavement damaging potential of different
types of vehicle suspension systems. Modern suspension systems are thought
to have only 95 percent of the pavement damaging potential of traditional sus-
pension systems.

The simplified methodology for calculating the potential pavement damaging im-
pact of different axle grouping and characteristics shown below provides a very
useful basis for assessing the impact of different types of vehicles. In practice,
conventional axie load surveys are seldom able to provide the amount of infor-
mation required for this level of pavement damage evaluation. It is important ne-
vertheless to have a clear idea of the pavement damage potential of different
types of heavy vehicle because it has an important bearing on road user char-
ges for heavy vehicles and on national axle loading regulations.

The total pavement damaging power of different types of heavy vehicle can be
summarised in the following simplified model:

PD = [(AL1/ALO) * k1 * kz * k;;]a

where AL, = load on the axle or axle grouping
Alg = the reference axle load
k; (type of grouping) single axle = 1.0
tandem axle = 06
tridem axle = 0.45
k> (type of tyres) twin tyres = 1.0
wide base tyres = 1.2
single tyres = 13
ks (type of suspension) traditional = 1.0
improved = 095

a is the exponent
Based on the use of this model, the OECD in its report The Impacts of Heavy

Freight Vehicles”evaluated the paveraent damaging potential of different types
of trucks and the findings are discussed briefly below.
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The Effects of Different Types of Trucks on Pavements

Any reasonably rigorous assessment of the pavement damage attributable to
different types of heavy goods vehicles has to take payload into account. While
it is interesting to know the absolute pavement damage factors for different ve-
hicle types, it is even more interesting to have information on these damage
factors in relation to payload tonnes. Assuming that a given annual tonnage has
to be transported over a road network, it is important from a vehicle licencing
perspective to know what types of heavy goods vehicles would transport that
tonnage at minimum damage to the pavements. With this knowledge it should
be possible to use the vehicle licencing system to encourage vehicles with axle
configurations which do least pavement damage in relation to load capacity.

The results of analyses carried by the OECD are summarised in Table 4.3. The-
se show that gross vehicle weight is not necessarily a very good guide to the
pavement, as opposed to bridge, damaging potential. The damage factors for
different types of goods vehicles with different axle configurations is a much
better guide, but the most valid basis for considering pavement damaging po-
tential by heavy goods vehicles is in relation to payload capacity. The estimated
damage factors per payload tonne of capacity show that large articulated trucks
are usually less harmful to pavements than smaller rigid single axle trucks. The
resuits in the table assume correct loading and the greater pavement damaging
potential of 2 axle rigid trucks increases when overloading is taken into account.
These results reflect the respective damaging potential of single, tandem and
tridem axles discussed earlier.

None of the systems of heavy goods vehicle licencing encountered in the
TRACECA countries appears to take these factors into account. In the longer
term considerable gains in economic efficiency would result from reforming the
structure of heavy vehicle licences to take pavement damage factors per tonne
of payload capacity into account.

Vehicles and Pavement Damage in the TRACECA Countries

Axle load surveys had been undertaken by the Consultant in Armenia, Azerbai-
jan, Georgia, Kazakhstan, Kyrgyzstan, Turkmenistan and Uzbekistan. The re-
sults of these surveys show that most heavy goods vehicles manufactured in the
C.I1.S are smaller and have lighter axle loads than the equivalent non - C.1.S ve-
hicles traversing the TRACECA road networks. The overall level of axle loading
is very low by international standards, but it can be expected to increase in line
with international experience in the medium to long term. The contribution of
vehicle axle loading to pavement damage in the TRACECA countries has been
much smaller than it would have been if international vehicle damage factors
and incidence of vehicle overloading had been experienced.

The overall results of the axle loading surveys in six TRACECA countries are set
out in Annex 4 Tables A.4.1 and A.4.2. The overall pavement damage factors
for heavy goods vehicles in Table A.4.2 are low, but they still overstate the pa-
vement damaging potential of the different vehicle types because they are esti-
mated on a single axle basis. In other words, no reduction is made for vehicles
with tandem or tridem axles because this information was not recorded. It should
also be noted that the large samples of heavy vehicles weighed at each location
included empty vehicles and vehicies with low load factors. The samples were,
therefore, representative of the heavy vehicle flows. The average damage fac-
tors using an exponent of four from all the surveys were as follows:
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Large Buses Ali=1.50

2 axle trucks All=0.11 non-C.1.§ =4.87
3 axle trucks All=0.24 non-C.L.S =1.27
4 axle trucks All=0.83 non-C.1.S§ = 1.92
5 axle trucks All =0.45 non-C.1.S =1.31

The corresponding damage factors using a 10 tonne reference axle are lower.

Estimates of damage factors per payload tonne have also been estimated in
Annex 4 Table A.4.4 assuming payload to be around 60 percent of gross vehicle
weight, an 8.16 tonne reference axle and an exponent of 4. The resulting da-
mage factors per payload tonne are summarised below:

2 axle trucks All = 0.02 per payload tonne
Non C.I.S = (.67 per payload tonne
3 axle trucks All = 0.03 per payload tonne
Non C.I.S = 0.11 per payload tonne
4 axle trucks All = 0.06 per payload tonne
Non C.1.S = 0.12 per payload tonne
5 axle trucks All = 0.03 per payload tonne
Non C.1.S = 0.08 per payload tonne

It should be remembered that these are overestimated to the extent that no ad-
justment to damage factors has been made for tandem and tridem axles. The
damage factors per payload tonne are clearly significantly higher for non C.1.S
vehicles than for C.I.S vehicles and this reflects higher load factors as might be
expected from commercial operators of the more expensive international trucks.
The relationship between the damage factors and damage factors per payload
tonne between non C.I.S two axle trucks and multi axle trucks is similar to the
OECD examples. The two axle truck fleets of C.I.S manufacture are dominated
by trucks which are small by international standards and their damage factors
and damage factors per payload tonne are very iow both in comparison with in-
ternational 2 axle trucks and in relation to multi axle trucks of C.1.S manufacture.

A revival of economic activity in the TRACECA countries could be expected to
be accompanied by a significant increase in trucking activity and growing load
factors. A greater use of larger articulated trucks of non C.I.S origin can ailso be
expected. In the medium to long term it can be expected that damage factors for
heavy goods vehicles in the TRACECA countries will move into line with interna-
tionally accepted norms and the implications of this for pavement maintenance
and rehabilitation need to be recognised.

It will have been noticed that no mention has been made of passenger cars and
other light vehicles in the above discussion. The reason for this is that they ma-
ke very little contribution to pavement damage. The pavement damage factor for
a typical passenger car of around 1.6 tonnes is only about 0.0001 and for a
small pickup or minibus it might be of the order of 0.0015 to 0.002. A car, there-
fore causes only one thousandth of the pavement damage of an average 2 axie
truck of C.I.S manufacture. For light utility vehicles the proportion is 1 - 2 per-
cent. Even allowing for the much greater number of light vehicles on the roads,
the total pavement damage attributable to them is negligible.
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THE FINANCING OF ROADWORKS

General

The financing of roadworks in most of the TRACECA states is nominally through
a road fund set up by government. In Armenia, however, there is no road fund
and financing of roads from the general government budget. In practice, the lack
of financial independence of most of the road funds means that financing of
roadworks operates in much the same way as if it were from the general go-
vernment budget.

The main direct charges on road users are in the form of taxes on automotive
fuels, vehicle licences and registration taxes, transit taxes on foreign (non-C.I.S)
vehicles and taxes on vehicle acquisition. Nearly all these charges are at levels
which are very low by international standards. Other taxes used for financing
roadworks include turnover and - or profits taxes on enterprises linked functio-
nally or locationally with the highway networks. In the economic climate experi-
enced by most TRACECA states in recent years profits taxes are unlikely to ha-
ve been a major contributor to highway budgets. In most cases these taxes and
charges are at levels which are very low by international standards. In part this
reflects a traditional philosophy of road financing inherited from the past, and it
is also the result of a failure to make adequate adjustments in taxes and char-
ges to take account of inflation. The overall effect has been a declining real
financial contribution from road user charges to the road sectors. This has been
accompanied by an irresistible downward pressure on general government bud-
gets as a result of the economic depression of the 1990s.

Road Funds
Introduction

Road funds have been established in most of the TRACECA states since 1991.
None of them can be said to possess the degree of financial and operational in-
dependence which the World Bank, for example, regards as critical to their suc-
cess. In practice, most of the TRACECA road funds appear to operate as an
extension of the central government’s tax collection machinery. They have littie
effective control over how much of the money which they collect from the road
sector is used in the road sector. A possible exception to this could be Uzbeki-
stan where it is claimed that lessons learned from the problems of other road
funds have been incorporated in the design of its own fund. The following secti-
ons briefly summarise the main features of road funds in individual TRACECA
countries.

Azerbaijan

The Road Fund Law setting up Azerbaijan’s road fund was passed in November
1994, but the fund effectively started operations in mid 1994.. Before the
establishment of the road fund the financing of roadworks was from the State
Budget. The fund is supposed to co'lect revenue from road user charges and
highway related taxes and to pass this revenue on to the Ministry of Finance.
These charges include an automotive fuel sales tax, a road use tax on enterpri-
ses, a vehicle sales tax, vehicle ownership taxes and a transit tax on non - C.1.S
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foreign vehicles. The potential revenue from this transit tax is significantly redu-
ced by the fact that Iranian vehicles which constitute the majority of foreign ve-
hicles, are exempted from paying it.

Fifteen percent of the revenue from the fuel tax is supposed to be passed onto
the fund by the State Fuel Committee, but this has not happened so far. The
Ministry of Finance decides the annual budget to be allocated to Azeravtoyol,
the state highway organisation, so highway financing is still effectively from the
State Budget.

In the second half of 1994 the road fund collected the equivalent of US$ 10 mil-
lion. This increased to US$ 27.9 million in 1995. The road fund’'s estimated re-
venue collection for 1996 is equivalent to US 79.8 million, but as of August 1996
the predicted budget allocation for roadworks by the Ministry of Finance was no
more than US$ 10.4 million of which approximately 80 percent was for state
highways.

5.2.3 Georgia

The law establishing Georgia's road fund was passed in September 1995. The
law sets out the basis of the fund, its main purpose, the provision of financial re-
sources for it and the use of those resources. The main charges and taxes con-
tributing to the fund’s revenues include a sales tax on automotive fuel, a road
use tax on enterprises, taxes on vehicle ownership, a tax on the location of pu-
blic utility facilities within road rights of way, contributions from lotteries and traf-
fic fines, and a transit tax on foreign vehicles entering Georgia and on Georgian
vehicles carrying foreign export cargoes.

In the first seven months of 1996 the proceeds from road user charges and ta-
xes amounted to the equivalent of US$ 9.46 million. Of this, just over 40 percent
came from transit taxes on foreign vehicles, 29 percent from road use taxes on
enterprises, 25 percent from vehicle ownership taxes and only 4.1 percent from
taxes on fuel. Indications from the first half of 1996 are that expenditure on
roadworks was running at around 60 percent of the total proceeds from the
fund.

5.2.4 Kazakhstan

Up to 1992 expenditure on roads in Kazakhstan was financed from the National
Budget. In December 1991 two categories of road funds were established by
government decree, the National Road Fund for national road maintenance and
development and the Regional (Oblast) Road Funds for local road maintenance
and development. Road fund revenue was originally designed to come from the
proceeds of a road use tax on enterprises, a purchase tax on vehicles, a ve-
hicle ownership tax based on vehicle hcrse power, a tax on petroleum products
and vehicle tyres, a tax on the income of transport companies and a transit tax
on foreign venhicies entering Kazakhstan.

The structure of road use taxes and user charges was modified in 1994, but the
new arrangements were rescinded in the second half of 1995. As of mid 1996 a
number of road funding arrangementis were under consideration by the Go-
vernment. In general, Kazakhstan's experience with operating a road fund has
not been satisfactory.
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Road fund revenue dropped from the equivalent of US$ 185 million in 1993 to
US$ 92 million and US$ 100 million respectively in 1994 and 1995. The latest
available information on the main sources of road fund revenue only relate to
1993 when road use taxes accounted for 47 percent and taxes on fuel and ve-
hicle tyres contributed a further 36 percent of the total. In 1993 road fund reve-
nue and expenditure on roads were almost in balance. Since then, however, ex-
penditure on roads has been only 50 percent of road fund revenue in 1994 and
70 percent in 1995. The balance has presumably gone into the Government’s
general tax revenues.

Kyrgyzstan

The establishment of a road fund has been under consideration for the past two
years, but as of May 1996 the necessary legislation had not been passed.

Tadjikistan

Tadjikistan has a road fund responsible for collecting road user charge revenue,
but details on the operation of the fund are not available.

Turkmenistan

Turkmenistan’s road fund was only established in 1995 and it became operatio-
nal at the beginning of 1996. Its objectives were the financing of requirements
for the maintenance, rehabilitation and development of State roads. The fund's
financial resources were originally intended to come from the excise duty on
automotive fuels, transit charges on foreign vehicles and the annual vehicle re-
gistration tax. Subsequently, the abolition of special government departmental or
agency accounts meant that the road fund could not be operated as a financially
independent entity. A further blow to the fund’s resources was the removal of
the proceeds of the excise tax on automotive fuels from its control. The fund'’s
managing authority is Turkmenautellari.

The estimated financial resources of the fund in 1996 are the equivalent of US$
17 million to US$ 20 million depending on whether official or commercial
exchange rates are used, This represents a significant increase on the US$ 7
million made available for roads out of the state budget for in 1995.

Uzbekistan

Uzbekistan originally established a road fund in 1993. It has been mainly finan-
ced out of taxes on enterprises and institutions at the state, oblast (regional) and
rayon (district) level, taxes on vehicle ownership and transit taxes on foreign
vehicles entering the country. The fund is responsible for financing all road-
works, but its resources do not include a tax on automotive fuel. The only part of
the country levying a tax on fuel is the Semi Autonomous Republic of Karakal-
pakistan where a 7 percent fuel tax is in force.The road fund is administered by
Uzavtoyul, the state highway organisation.

The amount of fund revenue raised at just over the equivalent of US$ 100 mil-
lion may be insufficient, but Uzbekistan appears to be one of he few TRACECA
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countries with a road fund where a significant part of fund revenue is not appro-
priated by the finance ministry for non - road uses.

Road User Charges and Road Related Taxes

General

In the following sections the details of road user charges and road related taxes
in individual TRACECA countries are briefly summarised. The information on
these charges was collected during visits to the various countries in the course
of the Project.

Armenia

Armenia is in the process of introducing a new road tax and draft legislation was
supposed to have been presented to Parliament in September 1996. The
present structure of charges and taxes is similar to those in force in most of the
other TRACECA countries and the most distinguishing feature of the new Ar-
menian proposals will be the much greater reliance to be placed on the
proceeds from a fuel tax.

The main features of the proposed new road tax are as follows:

. The 2 percent tax on the revenues of enterprises involved in vehicle ope-
ration and the 0.43 percent tax on the incomes of all other enterprises
will be replaced by a fuel levy.

) The levy or tax on petrol and diesel will be at the rate of 12 percent.

The Ministry of Finance estimates that the new fuel tax will raise just over the
equivalent of US$ 7 million in a full year and the stated intention is that this will
be specifically assigned to road expenditure. This would be an advance on the
road budgets of US$ 1.65 million in 1994 and US$ 4.15 million in 1995. It should
be noted, however, that only one third of the 1995 road budget allocation had
been paid out as of June 1996. The predicted 1996 fuel tax yield will also be re-
quired to cover a local counterpart contribution of around US$ 864,000 to an
International Development Association (IDA) credit.

Azerbaijan

The existing road taxes and road user charges comprise the following:

. A 0.5 percent tax on the turnover of road vehicle operating companies
and a 0.3 percent tax on the turnover of trading companies and certain
other types of company.

. A 2 percent vehicle sales tax.

. A vehicle ownership tax levied on the basis of a complicated formula in-
volving the multiplication of a percentage of the minimum wage rate by
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vehicle horse power. For private cars the relevant percentage is 2 and for
other vehicles it is 5.

o International transit tax on foreign vehicles entering the country, but
specifically exempted from this tax are Iranian vehicles which make up
the largest group of foreign (non C.|.S) vehicles. The following transit tax
rates have been in force in 1996:

- Cars - US$ 15 per entry

- Buses - from US$ 30 per entry for buses of 12 passenger capacity
to US$ 100 for buses with a capacity of more than 30 passengers.

- Trucks attract a transit tax of from US$ 100 (less than 10 tonnes)
to US$ 180 for trucks of more than 24 tonnes. It is not clear whe-
ther the truck tonnage refers to payload capacity or gross vehicle
weight. There are additional weight related transit charges based
on truck weight. These range from US$ 0.15 per kilometre for
trucks weighing 37 - 41 tonnes to US$ 1.8 per kilometre for trucks
weighing more than 81 tonnes.

In the absence of vehicle weighing equipment at each border post
it is not clear how the truck weight assessments for transit tax pur-
poses is made or how the relevant number of kilometres for char-
ging is calculated. In addition to transit charges on vehicles, there
are transit charges on vehicle loads. These range from US$ 100
per load for a hot very dangerous“load to US$ 400 per load for a
“very dangerous"” load.

. A petrol sales tax of from US$ 3.07 - 3.74 per tonne, depending on
octane level, and a tax on automotive diesel of US$ 2.20 per tonne.
There is also a retail sales tax on automotive fuels of 15 percent.

Azerbaijan has a system of complex road taxes and user charges, but in the ab-
sence of information on the relative contribution of the different charges to total
road fund revenue it is difficult to judge their effectiveness as a source of reve-
nue. What is beyond dispute is that total revenue raised from road users is
insufficient and the proportion passed on as road budgets is even more inade-
quate.

Georgia

A tax for the use of public roads is levied on the profits and - or turnover of
specified enterprises. There is a 2 percent profits tax on enterprises operating
passenger transport services. Municipal buses are exempt. The profit tax rate is
0.5 percent for banking organisations and 0.1 percent for other business organi-
sations. Trading enterprises must also pay a 0.1 per cent tax on their turnover.
Enterprises located within 50 metres of a public road in densely settled areas
and within 100 metres in less densely populated areas have to pay double the
above tax rates. Organisations selling automotive fuels also have to pay a fuel
tax, and their liability to pay profit taxes is reduced in line with their liability to pay
the fuel tax. The fuel tax is in the form of a value added tax of 5 percent.

There is a vehicle ownership tax based on engine capacity. The rates for diffe-
rent vehicle types is as follows:
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Cars- US$ 0.20 per horse power

Buses-from US$ 0.50 per tiorse power for vehicles with less than 13
seats to US$ 2.00 per horse power for vehicles with more than 30 seats.
Trucks from US$ 1.00 per horse power for vehicles of less than 11 ton-
nes to US$ 3.00 per horse power for vehicles of more than 40 tonnes.

The annual registration - ownership tax has to be paid before the annual safety
check and when a vehicle is re-registered on change of ownership.

A transit tax is levied on foreign vehicles entering Georgia and on owners of
Georgian vehicles loaded with foreign cargoes for re-export abroad. The transit
tax rates levied on entry into Georgia are as follows:

Cars US$ 20.00
Buses (less than 13 seats) US$ 40.00
Buses (13 - 29 seats) US$ 80.00
Buses (30 or more seats) US$ 130.00
Trucks (less than 11 tonne payload capacity) US$ 130.00
Trucks (11 - 20 tonne payload capacity) US$ 160.00
Trucks (21 - 39 tonne payload capacity) US$ 220.00

Trucks (40 or more tonnes payload capacity) US$ 300.00
Payment of this tax can be made in US dollars or in other currencies.

Finally, there are taxes on public utility facilities located within State road right of
way and on roadside advertising hoardings. The utility tax is levied at the rate of
the equivalent of US$ 0.10 per linear metre of facility within the right of way. The
tax rate on roadside advertising hoardings ranges from the equivalent of US$ 20
per square metre of hoarding on national roads to US$ 15 per square metre on
intra state (republican) roads and US$ 5 per square metre on local roads.

The State Tax Office is responsible for raising these taxes and road user char-

ges and for the accounting and financial contrive of the road fund.

Kazakhstan

Under the 1994 restructuring of road financing the main road taxes and user
charges were as follows:

. Special road tax of 1.0 percent of turnover levied on all enterprises. The
proceeds were split in the proportions 30 per cent for national roads and
70 percent for Oblast funds.

. A tax of 1.0 percent on vehicle purchases with the proceeds going to
Oblast funds.

. An annual transport tax linked to vehicle size.

) A value added tax on fuel, lubricants and tyres the proceeds being de-

stined for the Oblasts.

. A levy of 2.0 per cent on transporters’ turnover with the revenue going to
national roads.
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As mentioned earlier, these arrangements were rescinded during the second
half of 1995 and alternative financing arrangements are still being considered by
the Government.

Kyrgyzstan

in recent years road related taxes and road user charges have comprised the
following:

. an annual road tax of 0.8 percent of turnover levied on most enterprises.
Trading companies and privatised or small scale agricultural enterprises
pay at the rate of 0.08 per cent of turnover.

. a levy of 2 percent on the turnover of all transport companies, which has
now become a voluntary contribution

) an excise tax on petrol of the equivalent of US$ 4.1 per tonne. A similar
tax on diesel was abolished in 1995

. a vehicle registration tax of 5 percent of the vehicle’s value on transfer of
ownership
. an annual vehicle licence tax of approximately US$ 0.90 per horse power

of engine capacity for trucks and US$ 0.02 per horsepower on cars

. A 10 percent import levy on imported cars from outside the C.I.S.

Revenue from these sources goes into the Government's central budget and it
is not specifically allocated to the Ministry of Transport for expenditure on roads.

A draft of a Republican Road Fund Law was prepared by the Ministry of Trans-
port as part of the Automobile Road Act which has been under consideration by
the Ministry of Finance since early 1995. The objective of this would be to
establish a dedicated road fund which would legally tie specified sources of re-
venue to expenditure on roads. Under the draft proposals there would be 13
different sources of revenue, either existing or newly proposed. Proposed new
charges and taxes would include the following:

. a value added tax on fuels and tyres

. licencing fees for transport activities

) duties on heavy axles and large vehicles

. toll fees for selected roads and tunnels

. a transit tax on foreign vehicles entering Kyrgyzstan

As of May 1996 the Ministry of Transport was attempting to add supplementary
proposals focusing on existing taxes and charges. Revenue from taxes paid by
vehicle owners amounted to around US$ 5.4 million in 1994. Revenue from au-
tomotive fuel taxes might have contributed a further US$ 0.8 million. These re-
venues are clearly inadequate in relation to expenditure requirements, but total
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Government revenue in 1994 only amounted to the equivalent of US$ 181.8 mil-

lion.

Turkmenistan

The main road user charges in force in Turkmenistan include transport licence
fees, taxes for vehicle inspection , vehicle registration fees, fuel tax, import du-
ties on vehicles and transit fees for international (non - C.1.S) vehicles. The main
features of current charges and taxes are as follows:

Road transport licence fees. These have been applicable to internatio-
nal road transport enterprises since May 1996. Before then they were al-
so applied to domestic transport enterprises, but at a much lower rate.
Foreign freight carriers now pay monthly fees at the following rates per
vehicle:

- Trucks with a carrying capacity of less than 10 tonnes US$ 20
- Trucks with carrying capacity of 10 - 20 tonnes US$ 50
- Truck with carrying capacity of more than 20 tonnes US$ 100

Annual vehicle inspection fees are collected by the Police Department
of the Ministry of the Interior. The fee for Turkmen vehicle owners is the
equivalent of US$ 0.12 per vehicle and for foreign owners the fee is US$
4.00 per vehicle. It is not immediately apparent why inspection of foreign
owned vehicles should be thirty three times more expensive than for do-
mestic vehicle owners.

Vehicle registration fees in the form of fees for vehicle licence plates
are the equivalent of US$ 7.50 for Turkmen and US$ 100.00 for foreign
owners.

Duties on passenger vehicles imported from outside the C.1.S and Iran
are levied at the rate of 10 percent of the vehicle’'s declared import value
which cannot be less than US$ 1,000. There are also additional Customs
charges of 0.2 percent to cover the administrative paperwork.

Transit charges on international vehicles entering Turkmenistan are
as follows:

- Trucks of less than 10 tonnes carrying capacity US$ 50
- Trucks of 10 to 20 tonne carrying capacity US$ 100
- Trucks of more than 20 tonnes carrying capacity US$ 150
Passenger vehicles attract the following transit charges:

Cars US$ 30
Buses with less than 20 seats US$ 25
Buses with 13 to 30 seats US$ 50
Buses with more than 30 seats UsS$ 100

In 1995 vehicles from the C.I.S countries (except Azerbaijan, Georgia
and Ukraine) and from Afghanistan, Iran and Turkey were exempt and if
this is still the case, the potential revenue vyiel from this charge seems
rather limited.
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e Excise tax on motor fuels are at the rate of 55 percent and 60 per cent of
the respective ex refinery prices of petrol and diesel. In October 1996 these
were the equivalent of US$ 0.047 - 0.052 per litre for petrol and 0.038 per
litre for diesel. Even allowing for distribution costs, the economic opportunity
cost of Turkmen refined automotive fuels is probably nearer US$ 0.30 per
litre. The above percentage rates seem to be quite high, but the ex refinery
prices on which the tax is based are so extraordinarily low by international
standards that this results in a very low duty in practice.

e Annual tax on road vehicles. This is based on a specified muitiple of the
minimum wage and in US dollar equivalent terms the tax rates are approxi-
mately as follows:

Cars US$ 10

Buses (depending on seating capacity) US$ 40 - 100
Rigid trucks (depending on capacity) US$ 100 - 1,000
Road tractors (depending on horse power) US$ 150 - 400
Semi trailer (depending on load capacity) US$ 50 - 250

Until the beginning of 1996 revenues from some of the above taxes went into
special Ministry of Road Transport accounts at the Bank of Turkmenistan.
However, all special accounts were abolished in January 1996 and these reve-
nues now go into the State Budget. Revenues from vehicle inspection are allo-
cated to the special Road Traffic Safety Fund which comes under the jurisdiction
of the Ministry of the Interior. Revenues from transit charges are supposed to be
directly allocated to the Road Fund administered by Turkmenautoellari, but there
is some doubt as to whether the full hard currency receipts are being transferred
to the fund.

Uzbekistan

Uzbekistan has the traditional mix of road taxes on enterprises, taxes on vehicle
purchase and ownership and a transit tax on foreign vehicles. Except in Kara-
kalpakistan there is no automotive fuel tax.

The profits tax on enterprises operating road vehicles is levied at the rate of 2.0
percent. The purchases tax on vehicles is at 5.0 percent for cars and 10 per
cent for buses and trucks. The transit tax on foreign (non-C.1.S) vehicles ente-
ring the country has been fixed at US$ 150.0, but this figure appears to have
been arrived at arbitrarily and not based on rigorous analysis.

Road Budgets and Expenditure on Roads

The traumatic economic conditions experienced by most of the TRACECA
countries since 1991 have been reflected in severely constrained government
budgets and sharply reduced levels of expenditure on roads. Consequently, ex-
penditure levels on roads appear to be low both by historical standards and by
the standards of other countries of similar income levels.

The available evidence on expenditire on roads, total central government ex-
penditure and Gross Domestic Product which is set out in Table 5.1 has to be
treated with considerable caution because of the uncertain quality of the data,
but it does indicate a fairly consistent pattern. All the countries except Turkme-
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nistan and Uzbekistan are spending significantly less per kilometre on their state
road networks than was being sgent in the mid 1980s. In Azerbaijan, Ka-
zakhstan, Kyrgyzstan and Tadjikistan the prevailing levels of expenditure on
state roads are less than half of the levels between 1983 and 1985. In Armenia
it is just over half.

Expenditure on roads appears to lie within the range 0.2 - 1.9 per cent of total
central government expenditure in 1995/1996. In Tadjikistan, however, it ap-
pears to be only 0.2 per cent. For the TRACECA countries, exciuding Tadijiki-
stan, expenditure on roads is 0.16 - 0.35 per cent of Gross Domestic Product.
Once again, Tadjikistan is well below the range at only 0.05 percent of GDP.

Historical and international comparisons are only interesting up to a point. The

main interest in any analysis of expenditure levels on roads is how they compare
with required expenditure levels. This is the subject of the next chapter.
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6 ROAD USE COSTS AND EXPENDITURE

6.1 General

In this chapter estimates are presented of the total costs of using the inter state
and intra state road networks in each of the TRACECA countries. These costs
are undiscounted life cycle costs presented on an average annual basis. The
road use costs are then compared with the budget - expenditure levels in each
country as presented in the last chapter and the excess of required maintenan-
ce and rehabilitation expenditure over existing expenditure levels shows the
scale of the financing gap, if any.

At this early stage it is important to distinguish clearly between road use costs
and road user costs. Road user costs were discussed at some length in
Chapter 3 where they were defined as including the following categories of
costs incurred by road users:

. Vehicle operating costs
. Passenger deiay costs
) The costs of delays to goods in transit.

Accident costs to road users are also included in road user costs, but they have
not been quantified in this study in the absence of adequate data.

Road use costs are the other main component of total road transport costs, na-
mely the costs of building, maintaining and managing or administering roads.
These costs include the costs of routine annual maintenance, periodic mainten-
ance and rehabilitation, which are usually incurred by the highway agency or
department, and the administrative, policing and other costs incurred by other
agencies or government departments.

Although the potential importance of environmental costs in total transport costs
is acknowledged, especially where new addition to road infrastructure is invoi-
ved, they are not discussed further in this study which is mainly concerned with
road maintenance and rehabilitation in an inter urban context.

The cost of maintaining and rehabilitating road networks is a function of their in-
itial characteristics and condition, the levels and characteristics of traffic using
them, factors associated with the road’s physical environment, and the unit
costs of roadworks. A rigorous assessment of future road network maintenance
and rehabilitation requirements should normally be based on detailed informati-
on by road section on road condition, pavement roughness, pavement strength
and a number of other engineering factors likely to affect future pavement life
and the nature and costs of future roadworks. The assessment would also in-
clude detailed analysis of present and future traffic by vehicle type and axle
loading and an analysis of road user costs at different road pavement roug-
hness levels. Predictions also have to be made of future pavement performance
and pavement surface roughness based on an assessment of the expected im-
pact of traffic.

The most rigorous basis for estimating future road network maintenance and re-
habilitation requirements would be an engineering and economic analysis of al-
ternative treatment strategies on a section by section basis. This is the type of
approach envisaged in the use of the computerised pavement management sy-
stem being demonstrated in each country as part of this Project. The nature and
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cost of all the section level strategies would be brought together to create a
network level road expenditure programme over time and the total costs of this
would be calculated on a year by year basis. This approach is very demanding
of resources and as a minimum it needs to be based on a detailed highway da-
tabase of the type which is not yet available in the TRACECA countries at the
network level. In summary this is the future aim of the current project which can
be seen as the first, the important step for the implementation of the PMS.

A slightly simpler approach, which is still fairly demanding of highway data, in-
volves describing the network in a matrix of hypothetical representative sections
combining defined road and traffic characteristics. Optimum maintenance and
rehabilitation strategies would be developed for each of these representative
road sections on the basis of engineering and economic cost benefit analyses,
probably using a computerised model of some sort. In this optimisation analysis
different potential, initial and subsequent road expenditure plans would be com-
pared with a “do minimum” scenario in a discounted cash flow analysis and the
plan or strategy showing the highest economic Net Present Value (NPV), NPV
per kilometre or Benefit -Cost Ratio would be selected. The optimum strategy for
each section would be the one minimising total discounted life cycle transport
costs in which, it will be remembered, road user costs are the main compo-
nent.The optimum strategy and the implied road agency expenditure programme
over time for each section would be set out and the road costs for all sections
would be added up to form an overall expenditure programme from which the
average annual road expenditure requirements for the network would be ascer-
tained.

It is important to be clear about the role of road user costs in this process. Road
user costs are a vital component of the optimum strategy analysis because they
are the largest component of total transport costs associated with each scenario
being compared. However, once the optimum maintenance and rehabilitation
strategy for each section has been found on the basis of engineering and eco-
nomic cost benefit analysis, the focus of attention moves to road or road use
costs. These are the future highway agency costs which will dictate road ex-
penditure requirements and , hopefully, budgets.

The approach to the estimation of road use costs described later in this chapter
is of necessity a highly simplified version of the representative section approach
described above. The road use cost analysis has had to be based mainly on
readily available data in the highway departments in each country. An exception
to this is vehicle axle load data which was collected in a series of special sur-
veys conducted by the Consuiltant. With the possible exception of Kazakhstan,
none of the TRACECA countries has a highway database capable of sustaining
the above type of analysis. The detailed databases created for the pilot road
sections selected for the introduction and training of the pavement management
system under the Project covered approximately 30 kilometres of main road in
each country. These sections were not though for and also are too short to form
a representative sample of pavement characteristics suitable for extrapolation to
the network level. However, all socalled TRACECA roads (marked as ROAD
CORRIDOR on the TRACECA Map) were inspected and data recorded for road
surface condition category/class with relation to IR| (roughness).
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TABLEG-1.XLS

Table 6.1 PAVEMENT STRENGTH INDICATORS IN SELECTED C.L.5 COUNTRIES

Armenia (a)
Armenia (b)

Azerbaijan
Georgia
Kazakhstan
Kyrgyz Republic
Tajikistan
Uzbekistan

4.5 4.0 2.6 2.6 2.4
7.5 4.8 4.0 3.0 2.3
4.9 4.0 3.8 3.5 2.9
5.0 4.2 3.5 3.2 2.6
4.6 4.0 3.0 2.4 2.0
4.6 3.9 3.0 2.8 1.5
4.6 3.9 3.0 2.8 1.5
4.7 4.0 3.0 2.5 2.0

Carl Bro International a/s
Kyrgyz Republic
(Bishkek - Osh Road)

TecnEcon - The Armenia
Highway Survey"

CowiConsult and TecnEcon
"Road and Road Transport
St4dy in Russia, Ukraine,
Kazakhstan and Belarus”

Russia - Moscow area
Russia - St Petersburg area
Russia - Samara area
Russia - Tjumen area
Russia - Irkutsk area

Kazakhstan - 2 areas (a)
Ukraine - 2 areas

10 tonne design:
Normal fayer coefficients
Reduced layer coefficients

6 tonne design:
Normal layer coefficients
Reduced layer coefficients

612 3.9 3.6 2.8
1454.0 6.2 6.8 4.6 1.9
850.0 4.2 5.1 4.6 3.9 2.3
476 5.6 4.6 4.2 3.2 2
235 3.8 4.1 3.6
592 4.4
962 4.6 4.2 3.2 2.8 2.3
1,190 4.2 2.3 1.4
8.0 7.0
6.5 5.5
5.0 4.5 4.0 3.0 2.0
4.0 3.5 3.0 25

Note:

Sources:

(a) Assumed from design standards
(b} Based on benkelman beam survey results.

Consultant's estimate.

CowiConsult and TecnEcon - "Roads and Road Transport Study”
(Russia, Ukraine, Kazakhstan and Belarus) - for EBRD, 1992
Carl Bro International a/s - Road (Bishkek-Osh) Rehabilitation Project

- for Asian Development Bank (1995)

Page 1
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The methodology used for estimating road use costs is based on a short cut ap-
proach suggested by the World Bank and this is described in greater detail be-
low. However, even this short cut approach requires the following network level

information:

. representative daily traffic levels by vehicle type
) axle loading by vehicle type

. pavement strength

The next section sets out the estimates of the above traffic and pavement
strength inputs for each country and the process by which they were obtained.

6.2 The Characteristics and Utilisation of the Main Road Networks

6.2.1. Characteristics of the Main Road Networks

The highway institutions and agencies in the TRACECA countries have more or
less readily available road inventory information on road geometrics and pave-
ment type, visual road condition survey information and information on the de-
sign standard to which individual road sections were built. Except in Armenia
and Kazakhstan, there is very little information on pavement strength as measu-
red by Benkelman Beam surveys and virtually no pavement roughness survey
data. In general, more and better information is available for the inter state roads
than for the intra state or old republican roads. The lack of information on the
characteristics of district and local roads precluded their inclusion in the road
use cost study, even though they form the largest part of each country’s public
road network.

The World Bank’s short cut approach to road use cost analysis being adopted
for this study uses information on pavement strength (modified structural num-
ber) as a proxy for pavement characteristic and condition. The absence of pa-
vement strength data in most TRACECA countries is, therefore, a potential
obstacle to this form of analysis. Information on road design standards is, howe-
ver, widely available and this provides the somewhat imperfect guide to potential
pavement strength which has had to be used in this study. The main features of
the geometric and pavement design standards used in the C.I.S are shown in
Annex 6 Table A.6.2. There are, however, differences in pavement design de-
tails from country to country. reflecting the differences in geography and climate.

The structural numbers for different pavement design categories shown in An-
nex 6 Table A.6.2 are based on normal pavement layer coefficients for road
construction in the West. However, there are reasons to believe that layer coef-
ficients for roads built in the former Soviet Union can be considerably lower. The
reason for this is that roadworks often deviated from the design standards in
their implementation. The use of poorer than specified quality materials, variati-
ons in sub base thickness and low compaction levels have been three of the
more common examples mentioned by highway engineers in the TRACECA and
other C.I.S countries. In the “Roads and RoadsTransport Study of Russia,
Ukraine, Kazakhstan and Belarus” carried out by CowiConsult and TecnEcon for
the EBRD in 1992 it was suggested that a general reduction in theoretical layer
coefficients of, around, 20 percent was warranted when assessing pavement
strength from the design standards. According to the AASHTO Guide for Design
of Pavement Structures, this corresponds to a reduction of E-module by 20 per-
cent or CBR values by 30 percent for unbound materials. Our assumptions
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about road design standards and pavement strength are based on the above
suggestion that a 20 percent reduction in the layer coefficients should be made.

The assumptions used in this study about pavement strength for roads of diffe-
rent design standards are summarised in Table 6.1. This table also shows esti-
mates which have been made in a number of other studies in recent years in the
C.1.S. In Armenia there are two alternative pavement strength assumptions. The
first is based on design standards as in the other countries, and the second is
based on the resuits of a benkelman beam survey carried out in 1995. The re-
sults of our statistical analysis of the results of this survey are presented in An-
nex 6 Table A.6.3. The deflections recorded in the survey were converted to
Modified Structural Number using a formula recommended in the World Bank’s
documentation of its HDM-Ill model. The survey was extensive and the sample of
over 2,500 observations was very large . It was, therefore, hoped that the results
could form the basis of a more rigorous approach to linking pavement strength
to design standards in the TRACECA countries. In practice, however, we have
some reservations about the data largely arising from the high degree of uni-
formity of deflection levels recorded across large lengths of road and different
design standards. This may have been the result of the equipment used or its
calibration. In the case of Armenia, therefore, the road use cost analysis descri-
bed later in this chapter is undertaken on the basis of the alternative assumpti-
ons about pavement strength shown in Table A.6.3. Deflection surveys have al-
so been undertaken in Kazakhstan in recent years, but the results were only
available in the form of a qualitative summary. No alternative pavement strength
estimates based on deflection survey results could, therefore, be made.

The length of inter state and intra state roads falling within the five different de-
sign categories in each country are shown in Annex 6 Table A.6.1 In each
country this summary has been based on an analysis of the detailed section by
section road data made available by the respective highway institutions. For
certain countries the quality of data available for the intra state network was of
variable coverage and in these cases it has been necessary to make assumpti-
ons about applicable design categories based on the distribution over the rest of
the intra state network. In the case of Azerbaijan it should be noted that the intra
state road network defined for this study does not include roads in the occupied
territories. There is no up to date information on these roads.

Utilisation of the Main Road Networks

The analysis of traffic levels on the main road networks has largely been based
on the results of routine classified traffic surveys undertaken by the respective
highway institutes. Most TRACECA countries inherited efficient traffic counting
and analysis procedures for inter urban main roads, but subsequent budget cuts
have had a significant adverse effect on the coverage of traffic counting pro-
grammes in certain countries. Inter state roads are covered in greater detail than
are the intra state roads in most countries and for this reason the traffic estima-
tes for inter state roads are more reliable than those for the intra state network.

The traffic estimates for intra state roads in Tadjikistan, Uzbekistan, Armenia,
and Georgia are considered to be less reliable than those for the other coun-
tries. In Georgia the traffic counting programme virtually ceased between 1991
and 1995 and the counts undertaken within the last eighteen months have con-
centrated on selected inter state roads. Even now, the traffic survey coverage of
Georgia’s inter state road network is inadequate and the Consultant carried out
supplementary classified volume counts on three inter state roads. The estima-
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tes of traffic on Georgia’s intra state road network are based on the results of
the extensive routine surveys undertaken in the period before 1990, in particular
between 1986 and 1990. The average traffic levels indicated in these surveys
have then been significantly reduced in accordance with the observed reduction
in traffic on inter state roads where recent data made possible a comparison of
1986-1990 and 1995-1996 traffic levels. In Armenia an excellent traffic counting
programme has been established, but it is focused on the inter state road net-
work. The only information on intra state road traffic levels is from traffic counts
undertaken on roads which were inter state roads but which have recently been
classified as intra state roads. Some of the traffic data collected as part of the
1994 “Armenia Highway Survey” comes under this category.

Where traffic data on the intra state networks were inadequate estimates have
been based on analysis of traffic levels by road design category on inter state
roads and on the original traffic levels inherent in the design category. The traffic
thresholds for each design category are as follows:

) Design Standard category |. Average daily traffic (ADT) over 7,000
. Design Standard category || ADT 3,000 - 7,000

. Design Standard category i ADT 1,000 - <3,000

. Design Standard category IV ADT 100 - <1,000

. Design Standard category V ADT <100

The significant reductions in traffic which have taken place in most TRACECA
countries since 1990/1991 may well have nullified a large part of the traffic
growth which took place in 1970s and 1980s after the roads were constructed.
For this reason, the traffic ranges in the design standard categories may well
offer a better guide to current traffic ranges on the intra state roads than would
have been the case in a continuous traffic growth environment.

The vehicle classification system used in routine traffic counts in all TRACECA
countries except Armenia has a vehicle weight based classification for goods
vehicles.In this system trucks are, with some local variations, classified as fol-

lows:

. trucks of less than 3 tonnes
. trucks of 3 - <5 tonnes

. trucks of 5 - 8 tonnes

. trucks of over 8 tonnes

An axle based truck classification system is more commonly used internationally
and is required for use in the World Bank’s HDM-Ill model. In this study and in
the PMS programme system provided to each of the recipient states under the
current Project the following vehicle classification system has been used for
traffic and axle load inputs. Armenia has also adopted a similar axle based ve-
hicle classification system since traffic surveys were undertaken for the
“Armenia Highway Survey” in 1994.

° Passenger cars, jeeps etc.

. Utility vehicles (minibuses, pickups and small vans)
J Large buses

. axle trucks

. axle trucks or truck-trailer combinations

. trucks or truck-trailer combinations of more than 3 axles
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The Consultant carried out a large number of moving observer counts on diffe-
rent types of road in each country. Classified volume counts of buses and trucks
were carried out as part of the axle load surveys undertaken in Armenia, Azer-
baijan, Georgia, Kazakhstan, Kyrgyzstan, Turkmenistan and Uzbekistan. Addi-
tional comprehensive classified volume counts were also carried out in Georgia.
The results of all these counts were used to convert the results of the official
routine counts to the above axle based classification.

The estimates of traffic by road design class were based on detailed analysis of
the combined road section and traffic count data. The results of this analysis for
each country are presented in Annex 6 Table A.6.4. The overall utilisation of
each country’s inter state and intra state networks in terms of vehicle kilometres
by vehicle type is presented in Table 6.2 below. In the TRACECA region as a
whole cars account for just over half the inter urban vehicle kilometres and light
utility vehicles make up a further 9 per cent of the total. Large buses account for
just under 4 per cent and trucks for just under one third.

Overall, approximately 45 percent of inter urban vehicle kilometres are on inter
state roads and 55 per cent are on intra state roads. However, this overall pictu-
re is heavily influenced by the very large intra state road networks in Ka-
zakhstan and Uzbekistan. In the other TRACECA countries the inter state net-
works carry a significantly larger share of total inter urban vehicle kilometres
than the intra state networks.

The distribution of equivalent standard axle (ESAL) kilometres shows a very
different picture of the potentially damaging impact of vehicles in terms of net-
work utilisation.The summary of ESAL kilometres which is presented in Table
6.3 shows a very different pattern between vehicle types as might be expected
from the discussion of pavement damage from axles in Chapter 4. Light vehicles
contribute less than 0.2 percent of total ESAL kilometres on inter urban main
roads in the TRACECA countries. Large buses account for 32 percent of total
ESAL kilometres and trucks account for just over 67 percent. The overall distri-
bution of ESAL kilometres between inter state and intra state roads is once
again heavily influenced by Kazakhstan and Uzbekistan in showing inter state
roads carrying only 39 per cent of the total. In most countries the inter state net-
work carries between two thirds and three quarters of inter urban ESAL kilome-
tres. Detailed estimates of ESAL kilometres by road design standard on inter
state and intra state road networks in each country are presented in Annex 6
Table A.6.5.
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Table 6.2 TRACECA COUNTRIES - VEHICLE KILOMETRES BY MAIN ROAD CATEGORY AND VEHICLE TYPE 1996

Vehicie Kilometres (million)

Country Road Road Car Utility Bus Truck Truck Truck TOTAL
Class Length 2-axle 3-axle >3-axle
(km)

Armenia Inter State 1,569.1 1,057.7 129.8 90.1 117.3 108.2 23.5 1,526.6
Intra State (Rep.) 1,578.7 289.2 46.5 16.8 45.2 36.2 9.5 443.4
Total Main 3,147.8 1,346.9 176.3 106.9 162.5 144.4 33.0 1,970.0
% total 68.4 89 5.4 8.2 7.3 1.7 100.0
Azerbaijan Inter State 1,409.0 1,272.8 279.2 143.5 521.1 109.0 159.3 2,484.9
intra State (Rep.) 3,280.0 694.5 325.9 1331 542.6 151.7 164.2 2,012.0
Total Main 4,689.0 1,967.3 605.1 276.6 1,063.7 260.7 323.5 4,496.9
% total 437 13.5 6.2 237 5.8 7.2 100.0
Georgia Inter State 946.0 1,202.4 58.4 113.3 68.1 64.4 26.8 1,533.4
Intra State (Rep.) 4,059.3 436.1 20.0 35.7 26.8 24.2 12.2 555.0
Total Main 5,005.3 1,638.5 78.4 149.0 94.9 88.6 39.0 2,088.4
% total 785 3.8 71 4.5 42 1.9 100.0
Kazakhstan Inter State 6,132.0 2,594.0 194.0 45.0 811.0 486.0 93.0 4,223.0
Intra State (Rep.){ 11.364.0 3,715.0 322.0 64.0 986.0 549.0 230.0 5,866.0
Total Main 17,496.0 6,309.0 516.0 109.0 1,797.0 1,035.0 323.0 10,089.0
% total 62.5 51 1.1 17.8 10.3 32 100.0
Kyrgyz Rep. Inter State 747.6 423.6 51.8 30.0 103.0 54.6 257 688.7
Intra State (Rep.) 2,362.3 460.9 83.5 43.6 156.0 37.7 35.7 817.4
Total Main 3,109.9 884.5 135.3 73.6 259.0 92.3 61.4 1,506.1
% total 58.7 9.0 49 17.2 6.1 41 100.0
Tajikistan Inter State 1,089.1 337.4 27.8 20.5 92.4 50.5 16.5 545.1
Intra State (Rep.) 696.1 43.2 6.4 2.5 13.5 6.2 3.7 75.5
Total Main 1,785.2 380.6 34.2 23.0 105.9 56.7 20.2 620.6
% total 61.3 5.5 3.7 171 9.1 33 100.0
Turkmenistan inter State 1,211.6 761.3 119.1 162.2 532.6 64.2 149.9 1,789.3
Intra State (Rep.) 6,471.0 741.4 201.9 49.3 190.8 98.6 474 1 1,756.1
Total Main 7,682.6 1,502.7 321.0 211.5 723.4 162.8 624.0 3,545.4
% total 42.4 9.1 6.0 204 46 176 100.0
Uzbekistan Inter State 1,393.0 1,416.6 430.5 116.0 852.4 137.6 119.4 3,072.5
Intra State (Rep.) § 20,432.0 2,777.6 727.0 254.5 2,517.1 699.9 580.7 7,556.8
Total Main 21,825.0 4,194.2 1,157.5 370.5 3,369.5 837.5 700.1 10,629.3
% total 39.5 10.9 3.5 31.7 7.9 6.6 100.0

Note: Main roads are defined as the inter state (magistrale) and intra state (republican) road networks.

Source:

Consultant's estimates based on the national authorities' road and traffic data.
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Table 6.3 TRACECA COUNTRIES - ESAL KILOMETRES BY MAIN ROAD CATEGORY AND VEHICLE TYPE

ESAL Kilometres (million)

Country Road Road Car Utility Bus Truck Truck Truck TOTAL
Class Length 2-axle 3-axle >3-axle
(km)

Armenia Inter State 1,569.1 0.11 0.18 57.19 18.96 44.06 8.36 128.86
Intra State (Rep.) 1,578.7 0.03 0.07 10.69 7.30 14.75 3.36 36.20
Total Main 3,147.8 0.14 0.25 67.88 26.26 58.81 11.72 165.06
% total 0.08 0.15 41.12 15.91 35.63 7.10 100.00
Azerbaijan Inter State 1,409.0 0.13 0.39 177.10 66.29 19.53 53.92 317.36
Intra State (Rep.) 3,280.0 0.07 0.46 164.29 69.02 27.19 55.56 316.59
Total Main 4,689.0 0.20 0.85 341.39 135.31 46.72 109.48 633.95
% total 0.03 0.13 53.85 21.34 7.37 17.27 100.00
Georgia Inter State 946.0 0.12 0.08 226.66 6.64 32.22 30.29 296.01
Intra State (Rep.) 4,059.3 0.04 0.03 71.38 2.61 12.09 13.78 99.93
Total Main 5,005.3 0.16 0.11 298.04 9.25 44.31 44.07 395.94
% total 0.04 0.03 75.27 2.34 11.19 11.13 100.00
Kazakhstan Inter State 6,132.0 0.26 0.27 11.09 36.72 88.08 19.98 156.40
Intra State (Rep.) 11,364.0 0.37 0.45 16.00 44.66 99.60 49.58 210.66
Total Main 17,496.0 0.63 0.72 27.09 81.38 187.68 69.56 367.07
% total 0.17 0.20 7.38 2217 51.13 18.95 100.00
Kyrgyz Rep. Inter State 747.6 0.04 0.07 497 7.07 9.10 16.26 37.51
Intra State (Rep.) 2,362.3 0.05 0.12 7.24 10.70 6.28 22.59 46.98
Total Main 3,109.9 0.09 0.19 12.21 17.77 15.38 38.85 84.49
% total 0.11 0.22 14.45 21.03 18.20 45.98 100.00
Tajikistan Inter State 1,089.1 0.03 0.04 2.38 6.34 8.41 10.43 27.63
Intra State (Rep.) 696.1 0.01 0.01 0.29 0.93 1.03 2.33 4.60
Total Main 1,785.2 0.04 0.05 2.67 7.27 9.44 12.76 32.23
% total 0.12 0.16 8.28 22.56 29.29 39.59 100.00
Uzbekistan Inter State 1,393.0 0.14 0.60 127.61 164.52 25.86 120.77 439.50
Intra State (Rep.) 20,432.0 0.27 1.01 274.39 476.78 128.24 581.31 1,462.00
Total Main 21,825.0 0.41 1.61 402.00 641.30 154.10 702.08 1,901.50
% total 0.0 0.1 211 33.7 8.1 36.9 100.0

Note: Main roads are defined as the inter state (magistrale) and intra state (republican) road networks.

Source:
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Indicative Estimates of Road Use Costs

General

The estimated cost of using road networks in each country should be a basic in-
put into any discussion about highway financing and road user charging policy.
Without a realistic estimate of road use costs, decisions about road budgets are
made in a vacuum and any cost recovery policy lacks a credible foundation.
Road use costs are defined in this study as the average annual costs of main-
taining, rehabilitating and managing road networks over a life cycle of several
years. It will be noticed that the cost of adding to the road networks by building
new roads is not included in this definition which is basically limited to recurrent
costs . The cost of new roads should be considered separately under a capital
investment cost heading, However, new roads start incurring recurrent costs as
soon as maintenance commences. These recurrent costs should obviously be
included in our definition of road use costs. In practice, very few new roads are
being built in the TRACECA countries.

Road use costs can be divided into fixed and variable costs. Variable costs
comprise that portion of costs which is dependent on traffic and loading. In the
long run most road costs are variable to some degree, but it is usual practice to
include as a minimum the costs of policing and administration and interest on
loans in fixed road costs. There are also portions of routine and periodic main-
tenance and rehabilitation which are considered to be fixed . It is important to be
able to distinguish between fixed and variable road use costs because the dis-
tribution between the two has a significant influence on the optimum structure of
road user charges. The allocation of road costs between fixed and variable ele-
ments usually requires rather detailed research and can be time consuming
which was not part of this study, and therefore the division of road costs betwe-
en fixed and variable elements has been based on the results of analyses car-
ried out by and for the World Bank in many low income countries.

Methodology Used for Estimating Road Use Costs
World Bank Short Cut Analysis of Road Use Costs

The approach to estimating road use costs adopted in this study is based on a
short cut methodology suggested by the World Bank. This methodology is
based on a series of analyses of optimum maintenance strategies using the
Highway Design and Maintenance Standards model (HDM-lIl) and data from a
wide range of road studies in low income countries. In the analysis optimum
maintenance strategies and the associated life cycle average annual road use
costs were developed for a range of combinations of traffic, pavement strength
and pavement loading. This range of combinations can be considered as a
three dimensional matrix made of cells comprising different combinations of traf-
fic, pavement strength and traffic loading. The optimum maintenance strategy
for each combination, or cell in the matrix, involves routine maintenance plus the
application of periodic thick or thin overlays at pavement roughness thresholds
defined as optimum on the basis of extensive analysis using HDM-III. 1t also in-
cludes reconstruction where relevant.The average annual road use costs as-
sociated with each optimum maintenance and rehabilitation strategy are then
recorded. The results of the World Bank analysis are set out in Table 6.4.
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The pavement strength levels considered range from strong pavements with a
modified structural number (SNC) of 8 to weak pavements with an SNC of 2.
Average daily traffic ranges from 10,000 to 300 vehicles and traffic loading ran-
ges from 1.74 million to 13,000 equivalent standard axles per lane per year we-
re taken for use in the analysis. Analyses were undertaken under alternative as-
sumptions about traffic composition, notably the proportion of trucks in the total.
For the purpose of this study the moderate and light traffic loading assumption
with normal (20 percent) truck composition was taken to be the most appropriate
in view of the low axle loading recorded in the axle surveys carried out in the
TRACECA countries.

In its analysis the World Bank distinguishes between fixed and variable road use
costs. The distinction is based on the results of many international studies and,
for recurrent maintenance and rehabilitation costs, on the resuits of HDM-lI|
analysis. In this analysis the results of the model runs with predicted traffic were
compared with runs where no traffic data was input. The results of the no traffic
runs showed the non traffic related or fixed cost components of recurrent costs .
All policing and road administration costs were taken as fixed costs and the or-
der of magnitude of these items was based on the results from several interna-
tional studies.

The road user costs used in the World Bank's HDM-IIl based maintenance stra-
tegy analyses were derived from a range of international studies and relations-
hip between road user costs and pavement roughness would have been derived
from the model. Predicted traffic growth rates used in the analysis are not speci-
fied by the World Bank, but they would presumably also be based on a wide
range of international experience.

The economic and financial unit costs used in the World Bank analyses were al-
so based on extensive international evidence. Economic costs were used in the
strategy analyses. The unit costs on which the Bank’s road use cost analysis
was based were as follows:

Treatment Economic cost (US$/km)  Financial cost (US$/km)
Routine maintenance 1,450 + 0.43 (AADT) 1,700 + 0.5 (AADT)
Reseal 19,400 22,400

Thin overlay (40mm) 47,600 56,000

Thick overlay (80mm) 76,200 90,000

Reconstruction (+2 SNC) 238,000 280,000

There are considerable variations in and uncertainties about the unit costs of
roadworks in the C.I.S countries and this largely reflects local price distortions.
The results of a comparison of unit costs of different roadworks used in a num-
ber of studies sponsored by international donors in recent years are set out in
Annex 6 Table A.6.7. There is little discernible pattern in these costs and consi-
derable uncertainty about realistic unit costs in the TRACECA countries. In view
if this it was decided to use the unit costs in the World Bank’s analysis and not
to attempt to modify them to take account of possible local price factors.

It is not possible without a considerable amount of research to determine to
what extent the results of the World Bank analyses would overstate or understa-
te road use costs when applied to the TRACECA countries. To the extent that
unit costs within the TRACECA region are below international levels in low in-
come countries, the results would tend to overstate these costs, but there is little
persuasive evidence either way. There is a tendency to overstate the loading
related road use costs because the vehicle damage factors used in the Bank’s
maintenance strategy analyses are higher than present damage factors in the

TAUSERPROJEKTEVABT24\TEXT\243\58821\REPORTS\FINRD-E4 DOC



6.3.2.2

INGENIEURE

- 56 -

TRACECA region. However, there may also be a tendency to understate costs
in those parts of the TRACECA region subject to severe winter weather because
the HDM-IIl was not specifically designed to simulate pavement behaviour under
extreme freeze-thaw conditions. On balance, the assumption in this study is that
the road use costs predicted in the Bank’s analyses for different combinations of
pavement strength, traffic and loading are of the right order of magnitude.

Adaptation of the World Bank’s Road Use Cost Estimates

The results of the short cut method of road use cost analysis suggested by the
World Bank have been adapted for use in this study. The following main inputs
for the analysis for each country have been prepared as described earlier in this
chapter:

Average daily traffic by vehicle type and road design category

Vehicle kilometres by vehicle type and road design category

ESAL kilometres and ESA per lane per year by road design category
Pavement strength as measured by modified structural number for each
road design category.

A series of regression analyses has been undertaken on the results of the
World Bank analysis shown in Table 6.4 to permit interpolation between the va-
lues indicated for pavement strength, traffic and loading. The results of these
regression analyses have been used to estimate fixed and variable road use
costs resulting from the insertion of the estimated input values for each country.
The results of this process are presented in Annex 6 Table A.6.6. The analysis
has been run separately for inter state roads and intra state roads.

The regression models used for estimating fixed and variable road use cost va-
lues are as follows:

FC =2,716.7 -SNC(51.7) + AADT(0.54)-3,459.7(ESALY)
Adjusted R*2= 0.88
AADTVC =-414.2 - SNC(39.1) + AADT(2.8) -20,385.9(ESALY)
Adjusted RA2 = 0.83
TOTALVC = 995.3 - SNC(431.4) + AADT(4.46) - 32201.7(ESALY)
Adjusted R"2 = 0.85

where:
FC = Fixed costs
AADTVC = Traffic related variable costs
TOTALVC = Total variable costs
SNC = modified structural number
AADT = average daily traffic
ESALY = equivalent standard axle per lane per year

The loading related variable costs were calculated by subtracting traffic related
variable costs from total variable costs.
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6.3.3 Estimated Annual Road Use Costs

The results of the estimates of average annual road use costs are summarised
in Table 6.5. The detailed results for each country are presented in Annex Table
A.6.6. It is emphasised that given the nature of the data on which they are
based, particularly the pavement strength assumptions, the resulting estimates
must be regarded as indicative rather than definitive.

These estimates understate total road use costs in each country because they
do not include most urban , district and local roads. It is felt that even for the in-
ter state and intra state road networks these costs should be considered to be
conservative for a number of reasons. In the first place, the present situation
with regard to the comparable light axie loading in TRACECA countries may
change if there is a switch over time to the use of heavier trucks and if vehicle
overloading becomes more common in line with international experience. Both
of these factors would increase pavement damage costs and are likely to be an
increasingly common feature of the road transport sector when sustained eco-
nomic recovery starts to take place. Secondly, these road use costs do not in-
clude bridge costs, except in Turkmenistan where they were estimated to
amount to around 9 percent of potential road use costs.

During the course of field visits to the TRACECA countries the engineers in the
respective highway institutions were asked for their estimates of realistic road
costs in the absence of a budget constraint. In most cases these estimates were
significantly higher than the annual road use costs estimated in this study. With
the exception of Kazakhstan, however, local estimates tended to include a si-
gnificant amount of heavy reconstruction and new road construction even
though only estimates for maintenance and rehabilitation was requested. Simi-
larly, the local estimates may have been inflated by the inclusion of non state
roads and by representing backlog maintenance needs rather than long term
average annual requirements.

The situation in Kazakhstan is different. In early 1996, a World Bank mission
assisted by Kazdornii carried out an analysis of the maintenance and rehabilita-
tion requirements of the paved part of the state road network comprising 15,881
kilometres using HDM-III. The data for the analysis was supplied by Kazdornii.
The results of this analysis indicated that annual expenditure of US$ 400 million
(US$ 25,000 per kilometre) would be required to achieve a significant overall
improvement in the condition of the paved state road network. A marginal im-
provement in overall network condition would require annual expenditure of US$
200 million (US$ 12,600 per kilometre) and the expenditure of only US$ 100 mil-
lion (US$ 6,300) would result in further deterioration in overall network condition.
Our road use cost estimates for Kazakhstan suggest annual expenditure requi-
rements of US$ 162 million for a 17,496 kilometre network and this suggests
that with this level of expenditure network condition would be more or less static
at its present standard. One possible reason for the differences is that the unit
costs used in the World Bank mission’s analysis were higher than those used in
our study which are based on the unit costs used by the World Bank in its short
cut methodology. The World Bank mission did express some doubts about the
reliability of the unit cost and traffic data on which the HDM-Ill analyses were
based and these uncertainties may account for the high resuiting estimates of
expenditure requirements.

In general, the indicative annual road use cost estimates presented in this study

are unlikely to be overestimates. They do, however, represent a vary substantial
increase over current expenditure levels. The summary presented in Table 6.5
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shows that average road expenditure levels in 1995/1996 ranged from 43 per-
cent of annual road use costs in Uzbekistan to only 9 percent in Tadjikistan. The
overall average for the TRACECA countries was 24 percent. Expressed diffe-
rently, the current annual short fall in expenditure on the inter state and intra
state roads is of the following orders of magnitude:

. Armenia US$ 23.9 million (US$ 7,600 per kilometre)
o Azerbaijan US$ 49.0 million (US$ 10.450 per kilometre)
. Georgia US$ 27.9 million (US$ 5,600 per kilometre)
. Kazakhstan US$ 135.8 million (US$ 7,800 per kilometre)
. Kyrgyzstan US$ 21.4 million (US$ 6,900 per kilometre)
. Tadjikistan US$ 9.5 million (US$ 5,325 per kilometre)

) Turkmenistan US$ 55.1 million (US$ 7,200 per kilometre)
. Uzbekistan US$ 82.5 million (US$ 3,800 per kilometre)

Without the sharp decline in road traffic which has taken place in most TRACE-
CA countries in the 1990s the present condition of the main road networks
would have been significantly worse than it is today. Unfortunately constraints
on government budgets have been so severe in most of the countries that the
decline in expenditure on road maintenance and rehabilitation has been much
greater than the decline in network utilisation. A continuation of present expendi-
ture levels will, therefore, undoubtedly result in accelerating deterioration in the
overall conditions of what in most countries is the nation’s most important single
category of infrastructure asset. Rising road surface roughness will cause sharp
rises in road user costs, as shown in Chapter 3, and this will impact significantly
on the broader structure of costs in the respective economies.

There is, therefore, an urgent need to focus attention on the problem of how to
finance the required levels of expenditure on the maintenance and rehabilitation
of the road networks. Modern ideas on road user charging policy are particularly
relevant in this context and these and the potential for financing road expenditu-
re from restructured road user charges are discussed in the next Chapter.
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ROAD USER CHARGES AND COST RECOVERY

Basic Principles

The present system of financing roads in the TRACECA countries is inadequate
and in the absence of radical reform, the situation seems unlikely to improve. It
would be unwise to expect that ultimately economic recovery will enable ade-
quate allocations to be made out of general taxation to fully cover the costs of
road use. Even in the richest countries increasing constraints on highway bud-
gets have become common.

The present problems of road financing in the TRACECA states are by no me-
ans unique to those countries. They have been experienced in equally, if not
more severe forms in the lower income countries of Africa and Latin America.
Attempts by governments and international donors to solve the road financing
problems in these regions in the 1980s and early 1990s led to the emergence of
a number of stark conclusions which stimulated the adoption of more radical ap-
proaches. The starting point was a critical evaluation of two convictions under-
lying the traditional approach to road financing. These were:

) Roads are public goods which must necessarily be provided free of
charge by the state because the mobility they provide is thought to be a
citizen’s basic right.

. The best way to provide and maintain roads is through the public admi-
nistration.

In this respect roads have differed from other modes of transport, such as rail-
ways, ports and shipping, and from most public utilities, such as gas and
electricity, where payment for use of the facility or service has long been readily
accepted. The special treatment of roads may have been the result of the dif-
ficulty experienced in developing fair and efficient charging mechanisms for road
use. The result was the preferential treatment of road users in comparison with
users of other transport modes. Toll roads and the adoption of road funds with
access to specially earmarked taxes are an exception to traditional public finan-
cing of roads out of general taxation. However, tolling is only practicable in cer-
tain clearly defined circumstances and properly functioning road funds are the
exception rather than the rule.

The traditional provision of roads as a service perceived to be free is often de-
fended on equity grounds, particularly in the states which are in the process of
transition. However, road users are by no means the poorest members of
society and they are almost certainly being subsidised by poorer members of
society . Failure to charge for road use also means that most road users are
unaware of the total road use costs which their travel is causing. This means
that they make more trips than if they have to pay charges reflecting realistic
road use cost information. They are only aware of their perceived costs of which
the most immediately visible is usually the cost of fuel. When road charges are
set to cover road use costs, road users have a more rational basis for deciding
whether to make the marginal trip. Failure to charge adequately for road use has
two linked and undesirable effects.

o More trips are made and road utilisation is greater than would otherwise
be the case. This has adverse resource consumption and environmental
impacts.
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. The resulting higher traffic levels give rise to higher road maintenance
costs, which place increased pressure on the state budget. These extra
demands on the state budget are the direct consequence of encouraging
road use by charging too littie for it.

The approach to highway financing which has gained much wider international
acceptance in recent years is based on the idea that road user charging sy-
stems should be designed to achieve the following objectives:

. to ensure that the revenues required to provide and maintain public
roads is raised from road users, including foreign road users, rather than
from the general tax payer,

) to price the use of public roads so as to improve economic efficiency in
transport by removing price distortions and to charge road users in ac-
cordance with their use of road facilities;

. to promote equity between different categories of road users by ensu-
ring, for example, that charges on vehicle operators are related to the
road maintenance costs for which they are responsible;

. to establish a link between supply and demand for road infrastructure;

. to increase transparency in the road funding process so that road users
can see what funds are being raised from which categories of users and
for what purpose and

. to provide for fair competition between road and other transport modes
by ensuring that road transport users pay for their use of road infra-
structure.

In short, road user charging policy with the above objectives should be designed
to maximize net economic benefits by setting charges at a level at least equal to
the cost of resources consumed by the use of the road network. These costs,
which are sometimes called short run marginal costs, are of two types. The first
type covers the cost of damage done to road pavements by the passage of ve-
hicles and include the variable costs of managing and maintaining the network.
The second type comprise the costs imposed by road users on other road users
and others. These include congestion costs and “external” costs arising, for ex-
ample, from noise and atmospheric pollution. However, charges only set to co-
ver short run marginal costs would still result in under funding because they
would not meet the fixed costs of road use which, as we have seen, are a signi-
ficant proportion of total road use costs. A road user charging system designed
to achieve full recovery of road use costs will, therefore, need to comprise two
major elements, a charge or group of charges designed to cover variable or traf-
fic related costs, and additional charges designed to cover fixed road use costs.

Although congestion and external costs are undoubtedly of potential significan-
ce, they are not yet of great importance in the TRACECA countries where there
is virtually no congestion on the inter urban road networks and relatively little
congestion even in the major urban centres. The data on which this study’s
analyses are based relate to the inter urban state roads and the problem of
congestion costs in urban centres must be considered to lie outside the scope of
the present work. However, the structure of road user charges discussed below
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can readily accommodate charges related to congestion and external costs
should it be decided to include these at a later date.

An Appropriate Structure of Road User Charges

The system of road user charges outlined in this section is designed to cover the
fixed and variable costs of road use in the TRACECA countries. The estimated
fixed and variable road use costs on the interurban state road networks in each
country were presented in Chapter 6. Before describing the different types of
charges and their appropriate levels it is important to be clear about what these
charges mean. The levels at which the recommended road user charges ha-
ve been set in this study are based on the assumption that all the revenues
from these charges go into the road system to cover road use costs. To the
extent that the governments wish to obtain a contribution towards general tax
revenue from road user charges, the charges would have to be set at a corre-
spondingly higher level. In most of the TRACECA countries some part of exi-
sting fuel taxes and other road user charges are used to finance a portion,
however small, of road use costs. The recommended charges should, therefore
be seen as additional to that portion of existing charges which is not used to co-
ver road use costs.

The recommended structure of road user charges comprises charges designed
to cover variable road use costs and fixed costs by means of a quasi two part
tariff. The variable costs arise from traffic and vehicle loading and the proportion
of costs attributable to each has already been estimated in Chapter 6. The first
part of the two part tariff is based on a fuel levy designed to cover total variable
road use costs. The fuel levy will not on its own be sufficient to ensure that diffe-
rent categories of vehicles contribute their fair share to road cost recovery. Hea-
vy vehicles impose much higher loading costs on the road network than light
vehicles and these loading costs have to be reflected in the second part of the
two part tariff.

The fuel levy required to cover variable road use costs is expressed per litre of
automotive fuel. Total variable costs are , therefore, divided by total automotive
fuel consumption in litres to obtain the fuel levy per litre. In this study no di-
stinction is made between petrol and diesel, but a refinement of the fuel levy to
differentiate between the two would be perfectly practicable given the relevant
breakdown of consumption between the two.The estimated fuel consumption
per vehicle kilometre is based on the analysis of vehicle operating costs descri-
bed in Chapter 3 and unit consumption by representative vehicle type is then
multiplied by the estimated annual vehicle kilometres for each category of ve-
hicles to obtain total fuel consumption on inter urban state roads. This should be
less than total automotive fuel consumption to the extent that it excludes con-
sumption on urban, district and local roads.

The second part of the two part road tariff has to cover fixed costs plus an
amount to ensure that heavy vehicles are making their full contribution to the
variable road use costs for which they are responsible. The application of the
fuel levy on its own will not be sufficient to cover all the load related costs impo-
sed by heavy goods vehicles and the adjustment in the second part of the tariff
is intended to make good this shortfall in heavy vehicle contributions. The se-
cond part of the quasi two part tariff usually comprises one or more of the follo-
wing types of charges:
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. Vehicle licences

. Weight and distance related charges, especially for foreign goods ve-
hicles.

Both of these types of charges are in use in the TRACECA countries, but they
are not making an adequate contribution towards cost recovery. Vehicle licence
fees are too low and although the unit transit charges for international vehicles
are not usually too low, the number of exemptions from them rather reduces
their revenue earning potential. In some countries vehicles from C.I1.S countries
and from neighbouring countries contributing more than 90 per cent of interna-
tional (non C.1.S) vehicle movements are exempt from paying transit charges as
a result of inter-governmental agreements.

Detailed recommendations on road user charges in the second part of the quasi
two part tariff are beyond the scope of this study, partly because the appropriate
information on vehicle registrations is not readily available at the required level
of detail. Vehicle registration data in the TRACECA countries is usually collected
by the traffic police departments of the ministries of the interior, and there is a
tendency to treat this information as confidential. The result is that obtaining the
information can be time consuming and, even when it is made available, it is i
excessively aggregated form. Information on the vehicle fleet is one of the most
basic items of transport planning information and it should be readily available
as a matter of course.

The analysis of appropriate transit charges for international vehicle needs to be
based on a detailed analysis of the movements of international vehicles within
each country so that reliable estimates of international vehicle kilometres and
international equivalent standard axle (ESAL) kilometres by vehicle type can be
calculated. Transit charges on international vehicles should be based on inter-
national ESAL kilometres. Information on axle loads of international vehicles has
been collected, but detailed origin destination survey is beyond the resources of
this study and until this information is also available, there will be no adequate
basis for estimating ap»ropriate international transit charges. There is also a
need to clarify the whole position on exemptions from these charges. For those
TRACECA countries where a very large proportion of international vehicles are
from countries which are exempt from the transit charges, decisions have to be
made about how long the exemptions are to continue. If they are to be regarded
as fixed by international obligations, then it is doubtful if international transit
charges are a potentially useful source of road use cost recovery.

In this study the recommendations on the appropriate level of vehicle licences
required to cover fixed costs and to ensure that heavy vehicles make an ade-
quate contribution to cost recovery fees must be regarded as very approximate.
They are also higher than they would be if international transit charges were ta-
ken into account. It is regarded as more important for this study to show what
the appropriate structure of road user charges should be rather than to attempt
to make highly detailed recommendations on the basis of insufficient informati-
on.

7.3 Road User Charges Required for Cost Recovery

A simplified computer spreadsheet model for estimating the components of the
quasi two part tariff needed to cover road use costs has been set up for each
country. The fixed and variable annual road use costs for each country were
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estimated in Chapter 6 and these are the starting point for the user charge ana-
lysis. The model is simplified because, as explained above, it does not distin-
guish between petrol and diesel in the fuel levy, it does not include international
transit charges, and it does not attempt to make detailed calculations of vehicle
licence fees, but rather to indicate what order of magnitude they should be. The
allocation of variable road use costs between different categories of vehicles is
based on annual vehicle kilometres for the traffic or vehicle related portion and
ESAL kilometres for the axle or loading related portion. The resuits of the simpli-
fied model for each country are set out in Annex 7 Table A.7.1 and the method
of calculating the individual components is explained below.

Fuel Levy. The fuel levy is required to cover total annual variable road use costs
and it is calculated by setting the levy per litre at a rate which, when multiplied
by annual automotive fuel consumption in litres, will just cover total variable
costs. In this study total automotive fuel consumption has been derived from the
vehicle operating cost analyses and estimates of annual vehicle kilometres. If
official estimates of total automotive fuel consumption were used, these would
be greater than the study estimates because they should also reflect vehicle
usage on urban, district and local roads. In practice it is not usually possible to
match the fuel levy to total variable road use costs with absolute precision
without going to an impossibly small fraction of a currency unit.

A closer look at variable road use costs shows that heavy vehicles account for a
very high proportion of the axle or load related portion . The axle or load related
part can be calculated for individual vehicle types by dividing total axle related
variable cost by annual ESAL kilometres and multiplying the result by the ESAL
per vehicle. When the proceeds of the fuel levy for different vehicle types are
subtracted from the total variable costs attributable to those vehicle types it is
quite common for heavy vehicles to be shown as not covering their fair share of
variable costs. In Table A.7.1 this is indicated by the minus signs against indivi-
dual heavy vehicle categories in the “Variable Cost minus Fuel Levy” columns.
This has to be adjusted for in the second half of the quasi two part tariff, particu-
larly when establishing annual licence fee levels for the heavier vehicle catego-
ries.

Vehicle Licence Fees. The annual fixed costs of road use have to be covered
by a combination of licence fees, international transit charges and, possibly
other charges. In this context it is worth noting that duties on imports of automo-
tive vehicles and tyres could be included, but the revenues from such charges
are normally incorporated into general tax revenue. In this simplified model, it is
assumed that fixed costs plus or minus any small balance remaining from fuel
levy revenue need to be covered by vehicle licence revenue. The levels of an-
nual licence fees for the different categories of vehicles have been arrived at by
a process of trial and error. However, the underlying principle is based on a ca-
pacity to pay concept. For buses this means taking account of passenger car-
rying capacity and for heavy goods vehicles payload capacity. If international
transit charges were included, the amount to be covered by licence fees would
be correspondingly lower.

The fuel levies and indicative vehicle licence fees resulting from the analyses in
Annex 7 Table A.7.1 are summarised in Table 7.1 below. It has to be emphasi-
sed that these estimates assume that all the proceeds go towards full road use
cost recovery. If governments were to insist on diverting a portion of the revenue
from these user charges to non road uses, the fuel levies and indicative licence
levels would have to be correspondingly higher to achieve full cost recovery.
Conversely, if some of the revenue required for variable cost recovery is already
obtained from existing fuel taxes, the required increase in fuel taxes would be
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equal to the fuel levy minus the portion of existing fuel tax earmarked for road
expenditure. Similarly, if some portion of fixed road use costs were to be co-
vered by transit charges on international vehicles, the indicated annual vehicle
licence fees could be lower.

A note of caution is also in order with regard to the fuel levies. The estimated
levies per litre have been based on automotive fuel consumption on the inter ur-
ban state road networks. If these levies per litre were to be multiplied by official
estimates of total fuel consumption based on fuel sales and import data re-
flecting total road usage, the total revenue would cover variable road use costs
on inter urban roads plus an unspecified portion of variable costs on the urban,
district and local road networks. Alternatively, if total variable costs were divided
by total officially estimated automotive fuel consumption, the fuel levy per litre
would be lower than indicated, but the revenue would only cover variable costs
on inter urban state roads. While the latter alternative may be politically more
attractive, the former is probably the more desirable option pending the prepara-
tion of the necessary estimates of road use costs on the urban, district and local
road networks.
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Project Title : Traceca Project - Implementation of Pavement Management Systems
Project Number : TELREG 9305
Country : The Southern Republics of the CIS and Georgia

The Project aims to introduce regional roads maintenance authorities to the latest Western pavement
management techniques to promote a reduction in road maintenance backlogs and is being carried out by
Kocks Consult GmbH of Germany in association with Phoenix Pavement Consultants a/s of Denmark and
TecnEcon Ltd of the United Kingdom.

The planned starting date for the Project was 20 December 1995, but was delayed to middle of March 1996
due to the cold winter weather in the southemn CIS states, which did not allow to carry out the field works for
data collection. All efforts were made to catch up the time lost and until end of December 1996 more than 95%
of the tasks have been completed.

The focus of the Project is on international transit routes with the specific objectives under the three main
headings:

Technical:  Establishment of a computerised database for road and bridge condition data. Assistance for the
formation of PMS/BMS units.. Provision of road/pavement testing equipment, computers and
programme system for the Pavement Management System (PMS) and the Bridge Management
System (BMS).

Together with the counterparts the Consultant carried out the field works for and data collection
of road surface/road pavement and bridge condition, traffic counts and axle load surveys.
Consequently the data were evaluated and the optimum maintenance strategy was calculated
using the PMS/BMS programme system.

Economic: Analysis of the costs of road use and their coverage by present levels of expenditure. Study of
the relationships between road user costs and road condition as well as between road condition
and maintenance practice to demonstrate the economic impact of changes in road condition
resulting from different levels of maintenance expenditure. Recommendations for an
appropriate structure of road user charges.

Transfer of Technology: In addition to seminars and class room training local personnel was involved in all
project tasks as on-the-job training in the techniques introduced with the aim to continue the
activities after completion of the Project. Further seminars were held with the main topics:

- bitumen bound products/asphalt technology
- road design/road safety aspects

The respective authorities of the recipient states confirmed the introduction of the programme system and
started to form the required PMS/BMS units. In three of the recipient states the PMS/BMS system will already
be used for new projects:

» Improvement of the 145 km Tedjen - Mary road in Turkmenistan, where field works and data collection
started in fate November 1996

» Rehabilitation of the 450 km Alyat - Gjandza - Azeri road in Azerbaijan, commencement of activities will be
end of January 1997

* Rehabilitation of the 465 km of roads in Georgia, commencement of activities will be end of February 1997
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1 INTRODUCTION

This report on the Cost and Financing of Road Usage is one of the reports being
produced under the European Union - TACIS sponsored TRACECA Project for
the Implementation of Pavement Management Systems which is being carried
out by Kocks Consult GmbH of Germany in association with Phanix Pavement
Consultants a/s of Denmark and TecnEcon Limited of the United Kingdom. The
geographical coverage of this study and the project of which it is a part includes
eight countries falling within the area of the European Union’s TRACECA
initiative. These countries are Armenia, Azerbaijan, Georgia, Kazakhstan,
Kyrgyzstan, Tadjikistan, Turkmenistan and Uzbekistan.

The data required for the study were obtained during the course of visits to the
project countries between March and October 1996 as well as from a previous
study undertaken by the Consultant in Turkmenistan in 1995 and the relevant
updated data, findings and recommendations from that study have been
incorporated into the present study. Considerable use has also been made of
road feasibility studies carried out by other international consultants in
Azerbaijan, Kazakhstan, and Kyrgyzstan and by one of the present consultants
in Armenia. A certain amount of information on Tadjikistan has been made
available to the Consultants by various multinational donor agencies.

In view of the number of countries covered by this study the problem of the
currency units to be used in the presentation of the findings had to be given
careful attention. The use of a domestic currency plus at least one international
currency for each country would have been unwieldy in view of the amount of
data to be analysed and presented. It has been decided, therefore to
standardise on one international currency and because of its familiarity in all the
countries covered, the currency chosen was the United States dollar. The use of
the dollar also has the advantage that it is less vulnerable to the effects of local
inflation than the individual currencies in use in the TRACECA countries. The
ECU is not yet familiar to most officials in these countries and therfore it was
decided not to use it in the analyses undertaken. The dollar exchange rates
used were based on the following rates which were those prevailing in mid 1996
or at the time of the field visits.

Armenian Dram 405 Kyrgyz Som 11.5
Azerbaijan Manat 4,300 Tajik Roubles 290
Georgian Lari 1.24 Kazakhstan Tenge 66
Turkmenistan Manat 4,000 Uzbekistan Som 42

The aims and scope of the study are set out in the extract from the Terms of
Reference for the Pavement Management System Implementation project
included in Annex 1. They can be summarised as requiring a rigorous analysis
of the various elements making up the total costs of road use and the extent to
which road use costs are being covered by present levels of expenditure in each
country. The study is also required to explain the relationships between road
user costs and road condition on the one hand, and between road condition and
maintenance practice on the other. These elements are closely interlinked and
an important aim of the study is to demonstrate the economic impact of changes
in road condition resulting from different levels of maintenance expenditure. An
important requirement of the Terms of Reference is the presentation of
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recommendations for an appropriate structure of road user charges based on
the results of the road use costs analyses undertaken.

The time available for this study dictated that a short cut approach to road use
cost analysis had to be adopted and this implied that traffic and road condition
data had to be readily available. In general, locally available traffic data
supplemented by the Consultants’ axle load surveys have met the requirements
of the study, but only for the main inter state and intra state inter urban road
networks. Consideration of urban roads was outside the scope of this study
given available time and other resource constraints. The rudimentary data
availability for the district and local roads also precluded their inclusion. The lack
of information on pavement strength data for the main inter urban road networks
in all but two of the countries has posed some difficult but not insuperable
problems. The limitations of the data base for a study of this nature should,
however, be kept firmly in mind when considering the final results and
recommendations.

Considerable assistance has been received from the respective highway
institutions in all recipient states covered by the study and the Consultants
would like to express their gratitude for the friendly co-operation extended to
them during the course of their work.
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ROAD TRANSPORT COSTS

General

This report is concerned with the costs of road usage in the TRACECA states
and with methods of financing these costs. In this chapter the different
categories of road costs are briefly introduced and their significance explained.
In subsequent chapters road engineering and road user costs are examined in
greater detail and the relationship between road maintenance and rehabilitation
standards, road condition and road user costs is established.

Road transport costs are made up of the costs of road infrastructure provision
and maintenance, road user costs and other costs such as environmental costs
imposed on society by road transport. In this report the main concern is with the
first two broad categories of road transport costs. The environmental impact of
road infrastructure maintenance and rehabilitation is usually considered to be
relatively minor as compared with the potential impact of major new road
construction or realignment initiatives. To the extent that this study is mainly
about the cost and financing of road network maintenance and rehabilitation,
environmental costs are not considered in any detail.

The aim of appropriate highway management policy should be to minimize total
life cycle road transport costs over a defined network. This immediately focuses
attention on the relationship between road costs and road user costs on the one
hand, and on the network to be considered on the other. In most of the
TRACECA states the road network comprises inter state (“Magistrale”) roads,
republican or intra state roads, regional or oblast roads and district and-or local
roads. Urban roads usually fall within one or more of these categories.

Logically discussions of road costs and methods of financing them should be at
the total road network level since most road user charges are levied on road
vehicles and their use regardless of what roads the are used on. An exception
to this is toll road charging. In practice, however, data constraints usually mean
that initially analysis has to be concentrated on the main road network. These
will usually account for a very high proportion of inter urban vehicle kilometres.
For administrative reasons urban roads often come within the area of
responsibility of municipal road departments rather than the national highway
department or agency. This often results in differences in the coverage of
routine data collection which can make it difficult to include urban road networks
in the analysis without a large increase in research effort. This is a more serious
problem than the omission of local and district road networks because urban
traffic contributes a much higher proportion of vehicle kilometres and should,
therefore, have a significant influence on total road transport costs.

The time and resources available for this study have meant that considerable
reliance has had to be placed on data already available within the individual
highway institutions and departments in the TRACECA states. These
organisations are mainly responsible for the inter urban main road networks and
traffic and other data availability is also mainly confined to these networks. For
this reason, the study’s analyses and findings are also confined to the inter
urban main road networks comprising the inter state and intra state roads.
Urban roads are not included except where they form part of one or other of the
above main road categories. The extent to which urban roads are included in
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the main road networks varies from country to country, but in general they are
best regarded as being separate.

Road Costs

Road costs are the costs of road infrastructure provision and maintenance. They
are the costs incurred by the government department, institution or agency
which has the task of managing the relevant highway network. These costs are
sometimes called agency costs and it is quite common for more than one
agency to be involved. In addition to the national road institution or department
which is responsible for road network administration, other government
departments supplying traffic police services and customs inspection posts at
international borders, for example, are also involved in the highway sector.

Road costs can be divided into fixed and variable costs and this distinction is
important in the analyses of road use costs which form the basis of the type of
road user charging policy discussed later in this report. Fixed costs are those
costs which are independent of road traffic and include most of the costs of
administering or managing the road network. In practice, there is a fixed and
variable (traffic dependant) element in most categories of road costs. Estimates
made by the World Bank suggest that for main roads fixed costs could account
for the following approximate proportions of the main categories of recurrent
costs.

per cent of main road policing costs

per cent of administration costs

per cent of routine maintenance costs

per cent of periodic maintenance costs and

per cent of interest charges on road loans, where relevant.

The above proportions can be regarded as an approximate guideline and should
not be taken to be applicable to all circumstances.

Traditionally, road costs were equated with the costs incurred by the road
agency or highway department responsible for the provision and maintenance
of road infrastructure. This rather narrow view of road costs was reinforced by
the usual methods of annual road budget estimation and allocation.

The main problem with this traditional approach was that it did not take sufficient
account of or attempt to quantify the costs being incurred by the users of the
road network. These are now recognised as being significantly higher in most
cases than the agency costs of road management. In recent years it has been
widely recognised that road user costs should be taken into account when
decisions are being made about the appropriate level of expenditure on
roadworks.

A common problem in all the TRACECA states is that the cost of maintaining
and rehabilitating the main road networks is significantly higher than the budgets
being made available for the purpose. The economic and engineering results of
this situation are examined in some detail in Chapters 3 and 4. However, the
implications are fairly clear. Unless adequate financing for road maintenance
and rehabilitation can be made available from the traditional general
government budgetary sources, either alternative financing mechanisms have to
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be found, or the size of the core main road networks which can be maintained to
an adequate standard will have to be reduced.

Road User Costs

Definition of Road User Costs Used in this Study

Road user costs comprise vehicle operating costs, passenger time costs, the
costs of goods in transit and accident costs. In practice, in relatively low income
countries such as the TRACECA states passenger time costs are not particularly
significant in comparison with the costs of vehicle operation. The situation is
completely different in the richer economies of north America and western
Europe, for example, where passenger time costs are the dominant element in
road user costs both because the scale of people movements and because of
high personal incomes.

In this study attention is focused on the vehicle operating cost component of
road user costs. The relative insignificance of the contribution of passenger time
costs at current and foreseeable per capita income levels in the short to medium
term has already been mentioned and this is illustrated below and in greater
detail in Chapter 3. The cost of goods in transit is an even less important
component of road user costs given the scale of road rehabilitation and
maintenance effects on road conditions. International evidence suggests that a
major reduction in travel time is required before there is a significant effect on
the cost of goods in transit. The reductions in travel time resulting from improved
road maintenance and rehabilitation are incremental rather than major and the
effects on the cost of goods in transit are very minor. The relative unimportance
of the cost of goods in transit as a component of road user costs is also
illustrated below and in Chapter 3.

Accident costs are very difficult to quantify adequately unless data on the cost
and frequency of accidents in relation to specific road features and locations is
already available at the required level of detail. This is seldom the case unless
an appropriate research initiative has been undertaken .The available data on
road accidents in the TRACECA states does not permit accident costs to be
quantified at a meaningful level of precision without a level of field research
input which is well beyond the resources of this study. However, it is unlikely on
the basis of international evidence that the omission of accident costs from road
user cost estimates would have a significant impact on the results of road user
cost based analyses in the TRACECA states

The omission of time costs of goods and passengers and accident costs means
that the estimates of road user costs based on vehicle operating costs are
slightly conservative, but not excessively so. Most of the analyses involving road
user costs are concerned with changes in costs rather than absolute costs. This
fact further reduces the potential impact of omitting time costs of goods and
passengers.

The Importance of Road User Costs in Total Transport Costs

Road user costs are by far the most important component of total road transport
costs and vehicle operating costs are the most important element in road user
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costs in the TRACECA states. Estimates prepared by consultants Carl Bro
International a/s in their 1995 engineering and economic feasibility study of the
improvement of the Bishkek-Osh road in Kyrgyzstan suggest that the
percentage contribution of passenger time costs and goods time costs to total
road user costs was as follows:

) Passenger time costs Cars 5%-8%
Buses 11.% - 15.%
Trucks 0.2%-0.4%

. Goods time costs Cars and buses 0%
Trucks 0.3%-05%

These findings are in agreement with our own sample analyses for other
TRACECA states.. When the structure of traffic and the distribution of vehicle
kilometres is taken into account the overall share of vehicle operating costs in
road user costs is 92% to 95% for passenger cars, 85% to 89% for buses and
over 99% for trucks.

Road user costs are overwhelmingly the most important component of total road
transport costs in every country. In the TRACECA states annual road user costs
on inter urban main roads currently amount to around US$ 7.9 billion. If the
appropriate amounts were being spent on maintenance and rehabilitation,
average annual expenditure on the main road networks in the TRACECA states
would be of the order of US$ 531 million. Actual annual expenditure is nearer
US$127 million. Even at optimum annual expenditure levels, road costs would
amount to no more than 6 per cent of total road transport costs.

It can be seen from the above that quite small changes in road condition will
have a disproportional large impact on road user costs and, hence, on total
transport costs. The changes in road condition resulting from inadequate
maintenance levels will, therefore, have a significant, adverse economic impact
via increasing road user costs. This has important implications for planning road
expenditure strategies and devising optimum road maintenance programmes. It
is also the main reason why road maintenance and rehabilitation strategies
should be based on the results of engineering and economic analysis rather
than just on engineering estimates.

Other Costs

Potentially the most important external cost of road transport is environmental
pollution, including noise pollution. In practice, however, the main environmental
impacts are attributable to new road projects on new alignments and urban road
traffic rather than to road maintenance and rehabilitation. An important
contributor to the environmental costs of road transport in the TRACECA states
is the low standards of vehicle emission control, but this is not something that
can be solved by road improvements.

The omission of accident costs from our estimates of road user costs has
already been discussed above. External environmental costs are also excluded
on the grounds that they are not quantifiable within the context of a study such
as this and because their impact on road maintenance and rehabilitation policy
is unlikely to be significant.
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Economic and Financial Costs

In economic and engineering feasibility studies of road investment projects it is
customary to distinguish between financial and economic costs. Economic
analyses should be based on economic costs which reflect real resource costs
to the economy. In practice this means that taxes are excluded from economic
costs but any subsidy element in costs is included.Economic costs should also
include adjusted or shadow prices, where perceived costs do not reflect market
prices. Economic analyses are usually carried out in constant price terms and
there should, therefore, be no inflation factors built into economic costs.

In the context of planning highway expenditure requirements, notably optimum
road maintenance and rehabilitation strategies, economic costs should be used
in the relevant engineering and economic feasibility analyses. Once the
optimum strategies have been established, however, it is necessary to present
the roadworks costs as conventional financial costs for budgeting and
programming purposes.

In most of the TRACECA states there are considerable practical difficulties in
establishing what economic costs are. While it is relatively simple to discover
what taxes should be paid and, hence, eliminated from economic costs, it is very
difficult to establish accurately what taxes actually are paid. There is a danger
in understating economic costs by deducting taxes which have not actually been
paid. Similarly, there are considerable difficulties in untangling complex cross
subsidy elements in prevailing prices. These factors plus the considerable
amount of fieldwork and analysis required to develop a set of appropriate
shadow prices for individual countries means that rigorous economic costing
cannot be undertaken within the relatively short time periods which have been
made available for road transport studies in the region in recent years.

In this study the analysis of vehicle operating costs has been based on financial
costs. However, the analysis of optimum road use costs is based on the World
Bank’'s analyses of optimum maintenance and rehabilitation strategies using
international evidence and economic costs. Even if all taxes were paid in the
TRACECA countries, the tax component of financial vehicle operating costs
would not be as significant as it is in most western European countries and
economic and financial vehicle operating costs are not, therefore, significantly
different. Given the low level of vehicle taxes, the main tax element is in
automotive fuels and even this is relatively small by international standards.
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VEHICLE OPERATING COSTS

Sources of Data

In this chapter an analysis of financial vehicle operating costs for each of the
TRACECA countries is presented. As explained in Chapter 2, attention has
been focused on vehicle operating costs as by far the most important
component of road user costs. However, the potential significance of including
the cost of passenger time savings and the cost of goods in transit is also
examined. The main purpose of the analysis is to demonstrate the importance of
vehicle operating costs in total transport costs and to show how they vary with
road condition.

The inputs for the vehicle operating costs analyses for the TRACECA countries
are based on data collected during field visits and on information in other
consultants’ road feasibility study reports. Information for Turkmenistan was
derived from the Consultant's 1995 study for the European Bank for
Reconstruction and Development entitled “Review of Administration and
Financing of Road Improvement’.This information, notably on prices, was
updated to reflect changes in Turkmenistan since 1995.

Considerable use has also been made of the following consultancy studies in
the TRACECA countries which incorporate vehicle operating cost analyses in
their findings:

. Road Rehabilitation Study in Kyrgyzstan for the Asian Development
Bank. This feasibility study of the improvement of the Bishkek-Osh road
was undertaken in 1995 by Carl Bro International a/s, Hoff and
Overgaard a/s and Upham International Corporation

. Prefeasibility Study of the Baku-Astara Road in Azerbaijan which was
carried out by Wilbur Smith and Associates for EC TACIS in 1995 and
1996.

) Road Rehabilitation Project Kazakhstan undertaken in 1995 for the Asian
Development Bank by Louis Berger International Inc. in collaboration with
Kazdornii.

Reference has also been made to a number of earlier studies, notably the
1991“Road and Road Transport Study in Russia, Ukraine, Kazakhstan and
Belarus” which was produced by TecnEcon and CowiConsult for the European
Bank for Reconstruction and Development, and TecnEcon’s “Armenia Highway
Survey” produced in 1994 for EC TACIS.

The findings of the following two studies carried out in former communist
countries have also been of interest in the development of vehicle operating
costs estimate in the TRACECA countries:

. The 1993 Road User Charges Study in Romania by NEDECO, DHV
Consultants and the Netherlands Economic Institute for the World Bank
and the Romanian Administration of Roads.
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. The 1995 Study of Investment and Maintenance Strategy for the National
and Provincial Roads in Vietnam produced in 1995 by Scott Wilson
Kirkpatrick for the United Kingdom Overseas Development
Administration

Finally, estimates of vehicle operating costs by Kazdornii in Kazakhstan and the
Armenian Road Directorate’s Project Implementation Unit in Yerevan both
utilising all or part of the vehicle operating cost sub model in the World Bank’s
Highway Design and Maintenance Standards Model - HDM Il - have been a
particularly useful source of information.

3.2 Estimating Vehicle Operating Costs

The vehicle operating costs estimates developed for each of the TRACECA
countries are based on the use of the vehicle operating sub model from the
World Bank’s HDM-IIl model. This vehicle operating cost model predicts the
various components of vehicle operating costs based on assumptions about
road and vehicle characteristics and unit costs. For each country six
representative categories of vehicles were selected for costing and the
operating costs for those vehicles were taken to be representative of the costs
of all vehicles in that classes in each country. The following classes of
representative vehicle types were selected for vehicle operating cost analysis:

) Passenger cars

. Utility vehicles comprising minibuses and pickups
) Large buses

. axle trucks

. axle trucks

. Trucks with more than 3 axles

This vehicle classification is the same as that used in the traffic analyses
undertaken for this study and in the traffic and vehicle operating cost inputs for
the Pavement Management System model being implemented in the TRACECA
countries. In each country a representative vehicle model was selected within
each vehicle category and the cost estimates were developed for that model.
Every attempt has been made to ensure that the representative models are the
most widely used within their class in each country. Only in Georgia was it
possible to base the selection of representative vehicle models on vehicle
registration data. In the other countries vehicle registration data was not
available at an adequate level of detail for this to be possible. In these countries
the selection of representative vehicle models was based on the results of the
Consultant's moving observer traffic counts and on visual observations in bus
and truck parks. Reference was also made to the representative models
selected for costing in the other consultants’ studies in Kyrgyzstan, Kazakhstan,
Azerbaijan, Armenia and Turkmenistan referred to above. Most of the vehicles in
use in the TRACECA countries are of Russian manufacture and there is,
therefore, a much higher degree of uniformity in the representative models than
would normally be expected in a multi-country study. Details of the
representative vehicle types and models used in the analysis are set out in
Annex 3, Table A.3.1.

Data inputs required for the operation of the vehicle operating cost sub model
(VOCM) can be divided in to the following six categories:
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Roadway characteristics

. Vehicle characteristics

) Tyre wear data

. Vehicle utilisation data

. Unit costs

. Additional model coefficients

Where local data is not available for specified non-cost inputs, default values
from within the model can be used. Most of the additional model coefficients
used in this study are based on default values.

A detailed listing of all inputs for each representative vehicle for each country is
set out in Annex 3, Table A.3.2.

A number of general observations on the input data are in order. Most of the
technical coefficients relating to vehicle performance are based on default
values within the VOCM. Technical information on the representative truck
models, which are all of Russian or Ukrainian manufacture, has been obtained
from other studies and technical literature.

Vehicle utilisation levels are low by international standards and this reflects the
depressed economic conditions in all the TRACECA countries during the past 5
years and the problems faced by vehicle operators in a transition economic
environment. The age of the vehicle fleet in each country is high by international
standards and the sale of new vehicles is very low.

The scarcity of new vehicles means that it is difficult to obtain realistic
information on the prices of new as opposed to second hand vehicles. The
prices of second hand vehicles were checked at the weekly vehicle auctions in
the capitals of the TRACECA countries visited and prices of low kilometrage
vehicles was noted as a guide to estimating new vehicle prices. Vehicle prices
are low by international standards and this reflects their predominantly Russian
origin. This is particularly true for heavy trucks where Russian models within a
given category tend to be significantly smaller than their international
counterparts and also much cheaper.

The prices of petrol and diesel are important inputs in the VOCM and they are
an important determinant of unit vehicle operating costs. Although there are
large variations in the retail price of automotive fuels in the TRACECA countries,
it is fair generalisation to state that these prices are also low by comparison with
the prices in most advanced industrial countries and many developing countries.
The average prices of petrol and automotive diesel in each country are
summarized in Table 3.1. In certain cases these prices are the mid point of a
range of retail prices observed during fieldwork. In most TRACECA countries the
average 1996 petrol price is within the range US$ 0.20 - 0.35 per litre and the
diesel price is within the range US$ 0.20 - 0.30 per litre. Prices in Tadjikistan are
significantly higher and in Turkmenistan significantly lower than these ranges.
The price of diesel in Azerbaijan is also very low, both in relation to the price of
petrol and in relation to diesel prices in most other TRACECA countries.
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TABLE 3.1: PETROL AND DIESEL PRICES

Armenia 0.35 0.30
Azerbaijan 0.35 0.14
Georgia 0.28 0.21
Kazakhstan 0.29 0.20
Kyrgyzstan 0.22 0.20
Tajikistan 0.43 0.40
Turkmenistan 0.10 0.07
Uzbekistan 0.38 0.30

Note: In some countries the indicated fuel price is the mid
point of a range of prices observed during fieldwork.
Source: Fuel price data and Consultant’s estimates

3.3 Relative Importance of Vehicle Operating Cost Components

The main vehicle operating cost components analysed in the VOCM are the

following:

. Automotive fuel consumption

. Lubricants consumption

. Tyre consumption

. Crew time

J Maintenance spare parts consumption
. Maintenance labour time

. Depreciation and interest

. Overheads (in financial costs)

The relative importance of these operating cost components varies according to
relative prices and to the vehicle operating environment as dictated by road
geometry and surface roughness. Fuel consumption is conventionally regarded
as a major component of vehicle operating cost and this is largely true in most of
the TRACECA countries. In Turkmenistan, however, where fuel prices are
exceptionally low, fuel is a relatively minor cost item in vehicle operation. Fuel
consumption also becomes relatively less important in overall operating costs as
road conditions deteriorate and vehicle speeds decline. This is counterbalanced
by a more than proportionate increase in the importance of maintenance spare
parts consumption and vehicle maintenance costs in general.

For each TRACECA country the base financial vehicle operating costs by
vehicle type are set out in Table 3.2. Base vehicle operating costs are the costs
on a paved road in fair condition with surface roughness of IRl 5 metres /
kilometre. The most significant components of base costs are fuel, maintenance
parts, depreciation and, for heavy vehicles only, tyres. Fuel generally accounts
for 20 - 35 per cent of total costs for all vehicles except utility vehicles, where the
proportion is higher. Maintenance parts consumption is responsible for around
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20 - 25 per cent and depreciation for 10 - 25 per cent of total costs. Heavy
goods vehicles and large buses have more tyres and higher wear and tear on
them and for theses vehicles tyre costs can make up between 20 and 30 per
cent of base operating costs.

The vehicle operating cost proportions shown in Table 3.3 and in Annex 3 Table
A.3.4 are not fixed over the whole range of operating conditions. Rising surface
roughness levels reflecting deteriorating road condition results in declining
vehicle speeds which reduces the relative importance of fuel consumption in
total costs. Maintenance costs, however, increase in relative significance with
declining road condition.

A comparison has been made of the relative importance of different operating
costs components for different vehicle types in good and bad road conditions.
In order to keep it manageable the comparison is restricted to three countries -
Armenia, Kyrgyzstan and Turkmenistan - where fuel prices are respectively
higher than the TRACECA average, in the middle of the TRACECA range and
well below the TRACECA range. The comparison covers roads in good
condition, denoted by an International Roughness Index (IRl) of 3 metres /
kilometre, and bad condition (IRl 12 metres / kilometre). The results of the
comparison are set out in Annex 3 Table A.3.4 where the cost of individual
components are expressed as a percentage of total vehicle operating costs.
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Table A.3.3 PERCENTAGE BREAKDOWN OF VEHICLE OPERATING COSTS

KYRGYZ REPUBLIC

Fuel 17,74 28,16 19,97 20,03 17,57 17,82
Lubricants 3,46 2,43 1,18 1,91 1.10 0.99
Tyres 4,63 4,85 37,65 23,79 31,01 40,62
Crew time 0,00 6.62 3,95 6,74 3,17 3.99
Maintenance labour 2,51 1,96 2,02 2,80 2,27 3.04
Maintenance parts 21,08 25,67 11,70 14,13 22,70 19,16
Depreciation 25,03 12,97 12,44 12,06 10,10 6,17
Interest 25,565 10,32 8,63 11,19 7.87 5,73
Overheads 0,00 7.02 2,46 7,33 4,22 2,47
TOTAL 100,00 100,00 100,00 100,00 100,00 100,00
TAJIKISTAN

Fuel 30,42 43,45 33,30 33.02 30,95 31.64
Lubricants 3,07 1.89 1,03 1,56 0,90 0,83
Tyres 3,97 3,55 31,55 26,15 26,72 35,69
Crew time 0,00 7.74 3,09 5,14 3,62 3,50
Maintenance labour 2,04 1,37 1,58 2,17 1,67 2,24
Maintenance parts 20,70 19,88 10,16 12,86 19,77 15,23
Depreciation 21,44 9,90 10,94 7.39 7.79 4,91
Interest 18,36 6.77 6,19 5.73 5,13 3,97
Overheads 0,00 5,46 2,15 5,98 3,46 2,07
TOTAL 100,00 100.00 100.00 100,00 100,00 100,00

TURKMENISTAN

Fuel 10,30 20,50 9,09 9,35 8,68 8,58
Lubricants 1,44 1,17 0,55 0,76 0,44 0,42
Tyres 6,10 4,96 33,77 28,64 28,78 41,57
Crew time 0,00 8.37 3,97 6,68 3.18 4,05
Maintenance labour 2,37 2,11 1,99 2,79 2,02 2,73
Maintenance parts 26,16 26,90 13,35 23,95 29,45 21,80
Depreciation 32,42 16,48 20,82 10,39 14,89 11,15
Interest 21,22 9,35 10,20 7,57 6,82 6,18
Overheads 0,00 10,18 6,28 9,89 5.74 3,62
TOTAL 100.00 100.00 100,00 100,00 100,00 100,00
UZBEKISTAN

Fuel 27,56 43,92 30.38 32,51 29,52 29,84
Lubricants 2,85 1,92 1,19 1,80 0,97 0,94
Tyres 3,94 3,87 26,35 23,42 22,84 30,68
Crew time 0,00 3,82 2,76 4,88 2,25 2,92
Maintenance labour 1.47 1,09 1,37 2,09 1.44 1,97
Maintenance parts 21,04 20,46 10,08 18,34 22,93 17,58
Depreciation 26,07 12,26 15,72 7.91 11,25 8,87
Interest 17,07 6,69 7.70 5,69 5,15 4,91
Overheads 0,00 5,96 4,45 3,37 3,64 2,28
TOTAL 100,00 100,00 100,00 100,00 100,00 100,00

Note: Financial vehicle operating costs
Source: Consultant's estimates
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TABLE 3.2: BASE VEHICLE OPERATING COSTS BY COMPONENT
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TABLE 3.2:. BASE VEHICLE OPERATING COSTS BY COMPONENT
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The significance of fuel prices is evident from the wide differences in the relative
importance of fuel consumption in total operating costs in the three countries. In
Armenia, where automotive fuel prices are at the top end of the range in
TRACECA countries, fuel accounts for one third or more of total operating costs
on roads in good condition. This drops to 20 - 30 percent of total costs on paved
roads in bad condition. In Turkmenistan, on the other hand, fuel consumption
only accounts for around 10 percent of total operating costs on good roads and
6 - 8 percent on bad roads.

Tyres are a more significant cost component for heavy vehicles than for light
passenger vehicles. Tyre costs actually decline in relative importance with
increasing road roughness and declining vehicle speeds. Maintenance parts
consumption increases sharply in relative importance as a component of
operating costs as road roughness increases. Although maintenance labour
increases in the same way, the low wage levels in the TRACECA countries
means that this does not have as big an effect on costs as in higher income
countries.

3.4 Summary of Base Vehicle Operating Costs By Vehicle Type and Country

The basic vehicle operating costs estimated for the representative vehicle types
in the TRACECA countries are summarised in Table 3.3. These base costs are
representative costs on paved roads in fair condition with a surface roughness
of IRl 5 metres / kilometre.

The range of financial operating costs for each vehicle type over the TRACECA
region can be summarised as follows:

. Cars US$ 0.08 - 0.11 per kilometre
. Utility vehicles US$ 0.10 - 0.18 per kilometre
. Large buses US$ 0.35 - 0.50 per kilometre
. axle medium truck US$ 0.24 - 0.30 per kilometre
. axle heavy truck US$ 0.44 - 0.64 per kilometre
. axle heavy truck with trailer US$ 0.09 - 1.06 per kilometre

A significant part of the reason for the differences in operating costs for given
categories of vehicles is the variation in automotive fuel prices. These vehicle
operating costs are quite low by international standards and the main reason is
low vehicle prices, low fuel prices and low maintenance labour and crew costs.
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SUMMARY BASE VEHICLE OPERATING COSTS

Armenia 0.09 0.12 0.41 0.26 0.54 0.90
Azerbaijan 0.1 0.13 0.39 0.24 0.54 0.76
Georgia 0.10 0.15 0.38 0.24 0.48 0.69
Kazakhstan 0.11 0.16 0.50 0.29 0.59 0.85
Kyrgyz Republic 0.10 0.14 0.49 0.30 0.52 0.89
Tajikistan 0.11 0.18 0.56 0.37 0.64 1.06
Turkmenistan 0.08 0.10 0.35 0.25 0.44 0.71
Uzbekistan 0.11 0.17 0.45 0.30 0.55 0.88

Note: Financial vehicle operating costs
Source: Consultant's estimates

3.5

3.5.1

The Effect of Road Conditions on Vehicle Operating Costs

Road Condition and Road Surface Roughness

Deterioration in road conditions results in increases in vehicle operating costs.
For the road user changes in road condition are mainly reflected in changes in
surface roughness or bumpiness. There are several measures of road surface
roughness, but the International Roughness Index (IRl) has emerged as the
most commonly used international standard measure. The IRI reflects the
cumulative vertical movements in a vehicle’s rear axle per kilometre and it is
expressed in metres per kilometre. Our discussion of the relationship between
road condition and vehicle operating costs must involve frequent references to
different levels of IRl and it is important to be quite clear about what they mean
in qualitative terms.

The range of surface roughness usually considered in highway studies is from
IRl 2 m/km to IRI 20 m/km. A roughness level of less than IRl 3 m/km means
that the road is in excellent to good condition. For paved roads an IRI of 10
m/km or more denotes a road in bad to very bad condition and anything over IRI
12 m/km would indicate extensive pavement failure or loss of pavement. On
unpaved roads roughness levels are generally higher than on paved roads and
slightly more relaxed qualitative standards are usually applied. For example, an
unpaved road with an IRI of less than 5 m/km would be considered to be in good
to quite good condition and very bad condition might be considered to be IRI 15
and over. When surface roughness levels approach IRI 20 m/km it is doubtful if
the road retains any engjineered properties and for operating purposes can be
considered to be a track.

This study is mainly concerned with the inter state and intra state main road
networks in the TRACECA countries and the overwhelming majority of these are
paved. This section will, therefore, concentrate on roughness levels on paved
roads. The following ind cations of road condition at different roughness levels
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will be helpful in understanding the subsequent discussion of the relationship
between road surface roughness and vehicle operating costs.

Roughness IRI < 3.0 m/km

Vehicle speeds of over 120 km/h are comfortable. No depressions, potholes or
corrugations are noticeable. This roughness level would be associated with high
quality asphalt and, possibly, very good quality surface treatment. International
evidence suggests that concrete pavements rarely achieve roughness levels this
low.

Roughness IR 4.0 - 5.5 m/km

In vehicles travelling at 80 km/h moderately perceptible movements or large
undulations may be felt. Defective surface is evident with occasional
depressions, patches or potholes or many shallow potholes. In the absence of
visible surface defects there may be moderate corrugations or large undulations.
Concrete pavements built during the Soviet era were unlikely to have had initial
roughness levels below IRl 4 m/km

Roughness IRI 7.0 - 8.0 m/km

At vehicle speeds of 70 - 90 km/h the ride remains reasonably comfortable, but
there are strongly perceptible movements and swaying usually associated with
defects. These may take the form of frequent, moderate and uneven
depressions or patches, and occasionally potholes.

Roughness IRl 9.0 - 10.0. m/km

The ride only remains comfortable at vehicle speeds of 50 - 60 km/h and there
can be frequent sharp movements and swaying. These are associated with
severe defects taking the form of frequent, deep and uneven depressions,
patches and potholes.

Roughness IRl 11.0 - 12.0 m/km
Vehicle speeds generally have to be below 50 km/h because there are many
deep depressions and severe disintegration.

In the following discussions of surface roughness and vehicle operating costs
the above qualitative categorisation of pavement condition will be simplified as

follows:

. iRl 3 m/km or less - good condition

. IRI 5 - 6 m/km - fair condition

. IRl 7 - 9 m/km - moderate to poor condition

. IRl 10 m/km or over - bad to very bad condition
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Table 3.4 TOTAL VEHICLE OPERATING COSTS AT DIFFERENT ROAD SURFACE ROUGHNESS LEVELS

Armenia 3.147.8 1.970,0 308 354 404 461
Azerbaijan 4.689,0 4.496,0 967 1.095 1.236 1.392
Georgia 5.005,3 2.088,4 293 336 387 444
Kazakhstan 17.496,0 10.089,0 2.004 2.360 2.756 3.180
Kyrgyzstan 3.109,9 1.506,1 297 341 390 444
Tajikistan 1.785,2 620,6 147 166 188 212
Turkmenistan 7.682,6 3.645,4 841 972 1.112 1.263
Uzbekistan 21.825,0 10.466,7 2.635 3.009 3.418 3.862

Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyzstan
Tajikistan
Turkmenistan
Uzbekistan

ALL

14,5 31,0 49,4
13,2 27,8 43,9
14,9 32,1 51,6
17.8 37,56 59,2
14,7 31,2 49,4
13,3 28,2 44,6
15,6 32,2 50,1
14,2 29,7 46,6
15,2 32,0 50,4

Source: Consultant's estimates
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TABLE 3.4. TOTAL VEHICLE OPERATING COSTS AT DIFFERENT ROAD SURFACE
ROUGHNESS LEVELS
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The Relationship Between Vehicle Operating Costs and Road Roughness

The World Bank’s HDM-IIl model is a road simulation model and the vehicle
operating cost sub model within it simulates the behaviour of vehicles in
response to actual and predicted changes in road condition and surface
roughness. The slightly simplified vehicle operating cost sub model (VOCM)
used for this study presents the relationship between road roughness and
vehicle operating costs in the form of the following two alternative formulations:

. VOC = a + b (IRI) + c (IRI*2)
. VOC = exp[a + b (IRI)]

where  VOC = unit vehicle operating cost per kilometre
IRl = road surface roughness in metres per kilometre
a and b are parameters to be solved for each vehicle type

In practice, the first form of the simplified model has been found to give the
better statistical relationship in the TRACECA countries and it has been adopted
for use in this study.

On the basis of the inputs described earlier, vehicle operating cost estimates
have been prepared for each of the six representative vehicle types in each
TRACECA country. The detailed resuits are presented in Annex 3 Table A.3.5 .
This shows the results from the model for each vehicle type in each country and
the unit vehicle operating costs per kilometre at IRl 3 up to IRl 15 m/km. All
operating costs are in US dollars.

The results can be summarised quite briefly. For each increase in road surface
roughness of IRl 1 m/km unit vehicle operating costs rise by 5 - 7 percent for
light vehicles and 2 - 5 percent for heavy vehicles. When allowance is made for
the structure of traffic and the mix of vehicle kilometres in the TRACECA
countries, each increase of IRl 1 m/km in surface roughness can be shown to
result in an increase in total vehicle operating costs of 4 - 5 percent. Translating
this into a comparison of vehicle operating costs on roads in good, fair, poor and
bad condition, the overall average increase in operating costs compared with a
road in good condition are as follows:

- Road in fair condition (IRl 6 m/km) - operating costs 15 percent higher
- Road in poor condition (IRl 9 m/km) - operating costs 32 percent higher

- Road in very bad condition (IRl 12 m/km) - operating costs 50 per cent
higher

Total vehicle operating costs in each country have been estimated by multiplying
the unit vehicle operating costs for each vehicle type by the total annual vehicle
kilometres for the same vehicle types. The vehicle kilometre estimates for each
country are described in Chapter 6. Total vehicle operating costs in each country
at different roughness levels are shown in detail in Annex 3 Table A.3.6. The
results are summarised in Table 3.4. In Kazakhstan, for example, an increase in
average main road roughness levels from , say, IRl 5 m/km to IRl 6 m/km would
result in an increase in annual vehicle operating costs on main inter urban roads
of US$ 123 million at present traffic levels. This is US$ 52 million or 75 percent
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more than the country’s total road budget in 1995. Examples from the other
countries would show a similar picture.

Road surface roughness levels have been reported to be increasing at around 7
percent a year on the main roads in the TRACECA region and in some
countries such as Armenia and Georgia it could be nearer 20 per cent.
Assuming an annual rate of increase of 10 per cent in average main road
network roughness it would take 7 years for average network condition to
deteriorate from good (IR! 3 m/km) to fair (IRl 6 m/km) and a further 4 years for it
to deteriorate to poor (IRl 9 m/km). At the much higher rates of deterioration
reported in the Caucasus region the same developments would take 4 and 2
years respectively. In Armenia an increase in average main road network
roughness from IRl 3 to IRI 6 m/km implies an increase in annual vehicle
operating costs of US$ 45 million at present traffic levels and if roughness
progression really is 20 percent a year, this loss would be incurred over only 4
years. A further increase in average roughness from IRl 6 m/km to IRI 8 m/km
over two or three years would result in a further increase of US$ 50 million in
vehicle operating costs at present traffic levels.

These operating costs magnitudes obviously have a potentially serious impact
on costs elsewhere in the economy. They also provide a clue as to why
appropriate road maintenance and rehabilitation designed to arrest road network
roughness progression has such a high economic priority. Such maintenance
and rehabilitation can be undertaken for costs which are very significantly less
than the potential savings in vehicle operating costs which they can bring about.
For this reason appropriate road maintenance and rehabilitation programmes
have high economic rates of return which is another way of saying that they are
of high economic priority.

Economic Significance of Vehicle Operating Costs

In the TRACECA countries as a group vehicle operating costs on the main inter
urban road networks amount to not less than 14 percent of Gross Domestic
Product (GDP) or 6 percent of GDP at purchasing power parity. The estimates
of GDP are based on data from the World Bank and the European Bank for
Reconstruction and Development (EBRD).

There are some variations about this average in the different countries, but only
in Azerbaijan is it significantly different. The available data suggest that total
inter urban main road vehicle operating costs in Azerbaijan could amount to
more than 30 percent of GDP or 10 per cent of GDP at purchasing power parity.
This ratio double the TRACECA region average and it seems unlikely to be
correct. There are two possible explanations. The first is that the available
estimates of Azerbaijan’s GDP may be too low. The second is that the data on
Azerbaijan traffic on which our estimates of vehicle kilometres and, hence, total
vehicle operating costs are based may be significantly overstated. However, the
degree of overstatement of traffic volumes would have to be very large indeed
to explain such a high ratio of operating costs to GDP, and this to be inherently
unlikely. Given the presently available data, an underestimate of GDP seems to
be the more plausible explanation.

The ratios of total vehicle operating costs to GDP in the TRACECA countries are
high enough for the economic significance of rising, or indeed falling, road
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roughness levels to be self evident. A comparison of total vehicle operating
costs and GDP in each of the TRACECA countries is set out in Annex 3 Table
A.3.7. Background economic data are presented in Table A.3.8.

Potential Significance of Passenger and Goods Delay Costs

The overwhelming importance of vehicle operating costs in road user costs has
already been discussed briefly in Chapter 2. The main evidence for this is the
work undertaken in the road feasibility studies in Azerbaijan and Kyrgyzstan
undertaken respectively by Wilbur Smith and Associates and Carl Bro
international a/s. In the Baku - Astara road study in Azerbaijan the consultants
estimated vehicle operating costs and passenger delay costs. In Carl Bro
International’s study of the Bishkek - Osh road in Kyrgyzstan vehicle operating
costs and the costs of delays to goods in transit were estimated.

The assessment of passenger delay costs involves the following steps:
° Estimating the average number of passengers per vehicle.

o Estimating the value of time for different categories of passengers which
involves obtaining information on passenger occupations.

. Estimating what proportion of passenger time saved could be used
productively. This is usually based on information on trip purposes
derived from detailed roadside interview surveys of vehicle drivers and
passengers.

The valuation of the cost of delays to goods in transit involves valuing the goods
making up vehicle loads and the cost of time represented by an interest rate.

The information required for these valuations is very detailed which explains why
estimates of the cost of delays to passengers and goods is only attempted in the
context of detailed road feasibility studies. Experience from many road feasibility
studies in low income countries throughout the world has shown that the
economic value of passenger and goods time saved is usually a very small
fraction of the value of vehicle operating costs. This is another reason why they
are sometimes omitted from studies which are being undertaken under limited
budgets and time constraints.

Using the methodology described above, the consultants undertaking the
studies in Azerbaijan and Kyrgyzstan estimated the value of delays to
passengers and goods in transit as follows:

. Azerbaijan. The valuation of passenger time was based on average
wage rates and on this basis, and taking account of occupational
categories, the time of car and bus passengers was estimated to be
equivalent to US$ 0.51 and 0.35 per hour. However, it was assumes that
only 30 percent of car passengers’ and 20 percent of bus passengers’
trips were for economically productive purposes and the real value of
time saved was accordingly reduced to these proportions of the full time
value. In effect the real hourly value of passenger time saved was US$
0.15 for car passengers and US$ 0.07 for bus passengers. The average
number of passengers per vehicle was assumed to be two for cars and
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thirty four for large buses. The value of delays to goods in transit was not
estimated, presumably because it was assumed to be insignificant.

) In the Kyrgyzstan study passenger time values were also based on
weekly wage rates and an undifferentiated hourly value of US$ 0.36 was
initially estimated for passengers of all vehicle types. However, only 50
percent of passenger time saved was assumed to be potentially used
productively and the real value of passenger time saved was, therefore,
US$ 0.18. Average vehicle occupancy was assumed to 3.5 passengers
per car, 6.5 passengers per utility vehicle and 32 passengers per bus.

. Kyrgyzstan cargo delay costs. The basis of the estimate was an
assumption from origin-destination survey evidence that 10 percent of
trucks were carrying perishable commodities, mainly fruit and vegetables,
and 50 percent were carrying non-perishable goods. A representative
value of US$ 200 per tonne was estimated for perishable cargoes, 0.5
percent of the cargo was assumed to be spoiled per day and an hourly
interest rate of US$ 0.013 was calculated. The hourly cargo delay cost
was accordingly estimated at US$ 0.01 per tonne of truck capacity and
this translated into the following cargo delay costs by truck type:

- 2 axle truck US$ 0.05 per hour
- 3 axle truck US$ 0.10 per hour
- >3 axle truck US$ 0.15 per hour

In order to test the significance of passenger and goods time costs compared
with vehicle operating costs in Azerbaijan and Kyrgyzstan we have entered
assumed time values into the operating cost model for each country and rerun
the model. In fact the passenger time value for Azerbaijan was rounded up to a
uniform US$ 0.15 per hour for passengers on all vehicle types. Kyrgyzstan
passenger time value was rounded up from US$ 0.18 per hour to US$ 0.20 per
hour. The value of goods delay costs per hour were as set out above. The
respective models for the two countries were then run and the results are
summarises in Annex 3 Table A.3.9

In Azerbaijan annual passenger time costs only account for 3.9 per cent of the
total of vehicle operating costs and passenger time costs. In Kyrgyzstan the
proportion is 5.9 per cent. Cargo delay costs were only valued in the Kyrgyzstan
study and they vary insignificant indeed. Compared to annual vehicle operating
costs of US$ 324.1 million and passenger time costs of US$ 20.3 million, cargo
delay costs amounted to only US$ 679,000 or 0.2 per cent of total road user
costs. A number of tests for other TRACECA countries showed the same
picture.

In view of the low prevailing income levels and the resulting very low economic
time values in the TRACECA states their marginal contribution to road user
costs in the inter urban road context hardly justifies the considerable effort
required to quantify them. This conclusion would not, however, be necessarily
valid in the urban road transport context.
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ECONOMIC IMPACT OF ROAD MAINTENANCE

Introduction

The purpose of road maintenance is to make sure that a road does not fail
before its design life. Successful road maintenance achieves this by reducing
the road’s rate of deterioration and, by slowing down the rate of surface
roughness progression, it enables road user costs to be lower than they would
otherwise have been. The overwhelming importance of road user costs in total
road transport costs has already been demonstrated in Chapter 3 and anything
which reduces these costs has a significant effect. The economic impact of a
reduction in road user costs must, however, be assessed in relation to the costs
of achieving it. In this respect, maintenance, which is a relatively low cost activity
in comparison, for example, with new road construction, is highly desirable from
the economic perspective as well as being good engineering practice. This is
reflected in the high economic rates of return to maintenance programmes
which are appropriate in scale and timing. In short, road maintenance is one of
the most appropriate uses of scarce budgetary resources in the transport sector.

In the past the main problem with road maintenance in many low income
countries had nothing to do with engineering or economics, but rather with
image. Road maintenance was perceived to be a rather mundane activity with
none of the political attractions of higher profile new construction projects. In
Africa and Latin America this led to a neglect of road maintenance and a very
high economic costs were subsequently incurred. The sharp contraction in
highway budgets in the late 1970s and 1980s came about just as the effects of
neglected maintenance were becoming highly visible. Attitudes toward highway
maintenance have subsequently changed and this reflects both the new
budgetary realities and the prompting of international donors such as the World
Bank.

In the TRACECA countries highway maintenance has been inadequate in the
1990s and the effects are becoming evident in rising road surface roughness
levels. This means that in the more serious cases rehabilitation is needed as
well as maintenance. In the most serious cases the situation will have
deteriorated to a point where the pavement may have to be completely
reconstructed. The progression from routine and periodic maintenance to
rehabilitation and reconstruction involves very large increases in the cost of
roadworks. Inadequate allocations of funds to road maintenance have been a
result of severe contractions in state budgetary resources and this in turn has
reflected the economic crisis experienced by most of the TRACECA countries.

Road Maintenance, Road Condition and Road User Costs

The use of computerised models to simulate pavement behaviour has enabled
the effects of different maintenance levels on road condition and road user costs
to be predicted with greater precision in recent years. The development of the
World Bank’s HDM-llI model and its use to analyse the economic implications of
network deterioration in low income countries in the late 1980s did much to
focus attention on the vital importance of appropriate maintenance. It has also
been widely used to develop optimum maintenance and rehabilitation strategies
for different road conditions with and without budget constraints.
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Under the current TRACECA project all 8 recipient states are provided with
hardware and software for a computerised data base and a pavement
management system (PMS).The model used in this PMS to predict pavement
deterioration and surface roughness progression is from the latest version of the
World Bank’s Highway Design and Maintenance Standards model (HDM-iV)
which is currently being tested. The model basically takes account of existing
pavement condition as measured by roughness (IRl in m/km), pavement age
and strength, the incidence of rutting and cracking, cumulative pavement
damage from axle loading and environmental factors represented by an
environmental coefficient. The specification of the roughness prediction model is
as follows:

IRk = 0.98*¢™*[Rlo + 135SNCK4°* NEy] + [0.143 * RDSy] +[ 0.0068 * CRX] +[ 0.056 * PAT{]

Where SNCKs = 1+ SNC -0.00004 * HS * CRX;

Rk = roughness at pavement age t, IRl in m/km

Rlo = initial roughness, IRl in m/km

NE; = cumulative equivalent standard axle loads (ESAL) at
age t, in million ESA/lane

t = pavement age since construction or rehabilitation in
years

m = environmental coefficient

SNC = structural number modified for subgrade strength

HS = thickness of bound layers in mm

CRX; = area of indexed cracking (%) at time t

RDS; = standard deviation of rut depth in mm at time t

PAT: = area of patching (%) at time t

The use of this and other pavement models in engineering and economic
analysis of road maintenance and rehabilitation is needed to predict the
progression of surface roughness with or without some form of treatment, and
the reduction of roughness resulting from a treatment. Once the year by year
roughness has been predicted, there is a direct link with road user costs via the
type of models illustrated in Chapter 3.

The economic analysis of alternative maintenance and rehabilitation options
takes the form of a discounted cash flow analysis over a defined period or life
cycle. It is customary in this type of analysis to compare one or more defined
alternatives with an option representing doing the minimum possible. The latter
is sometimes called the “without situation” and the former the “with situation(s)”.
It is important to realise that over long appraisal or life cycle periods of 10 or
more years doing the minimum in the “without situation” is very unlikely to mean
doing nothing. Therefore, the occasional references to the “do nothing
situation”which are encountered in some analyses are misleading and they
should be avoided. The total engineering and road user costs under the two
options are compared and the results are expressed in the form of different
measures of economic feasibility or project worth. These include the Net Present
Value (NPV) which is the sum of the discounted net benefits over the defined
appraisal period, the NPV per kilometre, and the Internal Rate of Return (IRR ),
which is the discount rate at which costs and benefits are equated. The
Benefit/Cost Ratio (B/C ratio) is also sometimes used, particularly when
establishing priorities under budget constraint. The B/C ratio is the ratio of
discounted benefits to discounted costs.

These measures indicate economic priority, although on technical grounds the

NPV and B/C ratio are superior to the IRR for this purpose. The general decision
rule is that the higher the NPV, B/C ratio and IRR, the higher the economic
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priority of the proposed expenditure. When choosing between a number of
alternative maintenance strategies for a given combination of road condition and
traffic, the strategy showing the highest NPV or NPV per kilometre is normalily
chosen. The IRR is not a particularly reliable measure for ranking alternatives in
order of economic priority, but it is widely used, particularly by international
donor organisations, because its use avoids the necessity of defining the
appropriate discount rate to be used in different countries.

A detailed description of economic project appraisal methodologies is not
required in a study such as this. The brief summary given above is designed to
provide sufficient background explanation to facilitate understanding of the two
illustrative examples of the economic effects of road maintenance which are set
out in Tables 4.1 and 4.2.

These two examples are taken from the maintenance strategy analyses
undertaken within the pavement management system currently being
implemented by the Consultant in the TRACECA countries. In Table 4.1 the
economic analysis compares the following alternative strategies for a specified
road section:

J Undertake routine maintenance and patching only in a do minimum
strategy.

. Provide an initial overlay, undertake routine maintenance and patching,
and then provide a subsequent overlay at a defined roughness threshold
level.

The table shows how roughness progresses under the alternative scenarios and
how this affects the level of road user costs. The net economic benefits in each
year are obtained by subtracting total transport costs under Strategy 1 from total
transport costs under the minimum maintenance strategy (Strategy 0). The
results of the discounted cash flow analysis show that Strategy 1 is
economically highly desirable and preferable to the minimum maintenance
strategy because the NPV at the indicated discount rates is positive. If the do
minimum strategy had been the better one, the NPV would have been negative
at the indicated discount rates and the IRR would have been below 10 or 15
percent. The analysis shows that spending US$ 788,086 more than required by
the minimum maintenance alternative resuits in this instance in an undiscounted
saving in total transport costs of US$ 2.5 million over the appraisal period.

The second example set out in Table 4.2 involves a similar comparison of a
minimum maintenance strategy of routine maintenance and patching with a
strategy involving deferred rehabilitation in addition to routine maintenance and
patching. Roughness under the two alternatives is the same until Year 6 when
the deferred rehabilitation takes place and there are, therefore, no saving in
road user costs until Year 6. The result of this comparison shows that the
strategy of deferred rehabilitation in this situation is of only marginal priority and
its economic feasibility is dependent on what is defined as the appropriate
discount rate. If the discount rate is only 10 percent, the deferred rehabilitation
strategy is acceptable, but if it is 15 percent, the minimum maintenance strategy
is preferable.

The analysis of optimum maintenance strategies involves repeating this type of

analysis many times for alternative road expenditure options. In the pavement
management system being implemented in the TRACECA countries an
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exhaustive list of options is compared for each road section, and only the 20
options showing the highest economic priority are stored in the computer
database for future reference.

Traffic volumes obviously have an important effect on road pavements, but the
precise nature of the effect is not always clearly understood. The inclusion of
cumulative equivalent standard axles as an important variable in the model set
out above gives an idea of the nature of the traffic effect. This is discussed more
fully below.
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TABLE 4.1: EXAMPLE OF THE ECONOMIC IMPACT OF MAINTENANCE AND
REHABILIATION
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TABLE 4.2: EXAMPLE OF THE ECONOMIC IMPACT OF DEFERRED REHABILITATION
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The Effect of Axle Loads on Road Pavements

Heavy vehicle traffic is a an important contributor to the deterioration of road
pavements. This contribution to pavement damage over time is sometimes
mistakenly attributed to gross vehicle weight, but this is only true under special
circumstances. In general, the damage caused to road pavements by vehicles is
a function of a complex combination of factors of which the weight on the
vehicle axles is the best known and most easily measured. Damage to bridges
and other road structures on the other hand is a function of gross vehicle
weight, but it is damage to pavements which is the main item of interest in the
context of this study.

The effects on pavements considered in this section concentrate on structural
damage, which is the most important factor influencing effective pavement life.
Other forms of damage, such as those to wearing courses, are not discussed
further because they can be attributed to all types of vehicles.

The axle load has traditionally been treated as the sole damage factor since the
research undertaken in the 1950s by the American Association of State
Highway Officials (AASHTO). However international research undertaken over
the last 20 years has demonstrated that the picture is more complex and that
the following factors are also important:

the type of axle, including the number of wheels and the type of tyres,
the axle grouping - single, tandem and triple (tridem),

The surface contact pressure of the tyres and

the vehicle suspension system.

The precise effect and relative importance of these also varies according to
whether the damaging potential being considered is to flexible or rigid
pavements. The main problem with utilising the results of the more recent
research is that it is extremely difficult in practice to obtain adequate data on all
the above variables for each vehicle using a road. For this reason, the traditional
AASHTO based research evidence continues to be used.

According to the AASHTO research the damage to flexible pavements from the
passage of a single vehicle axle could be described by the following expression
using the so-called “fourth power law”:

. Equivalence Factor = [(Axle weight)/Reference axle weight)]4
Where
Equivalence factor = pavement damage factor
Axle weight = the weight of a single axle in tonnes
Reference axle weight = a single axle weight of 8.16 tonnes

Occasionally a reference axle of 10 tonnes is also used. The exponent used is
commonly in the range 4.0 - 4.3. In more sophisticated formulations different
exponents are sometimes used to express the potential damage to different
layers in flexible pavements. In the case of semi rigid or rigid pavements the
exponent used can be between 8 and 12. The “fourth power law” suggests that
the damage to flexible pavements increases extremely rapidly with single axle
loads above the reference axie weight.
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The damage to flexible pavements caused by a given load on tandem axles is
less than the damage caused by the same load on two single axles. Similarly,
the damage caused by a load on a tridem (triple) axles is even less than the
equivalent load carried on three single axles. The AASHTO research and the
more recent research carried out in a number of member countries of the
Organisation for Economic Co-operation and Development (OECD) indicate that
the damage to flexible pavements attributable to tandem axles is just over 60
percent of the damage caused by the same load on two single axles. In the
case of tridem axles the equivalent damage is 45 percent of the damage which
would be caused by the same load on three single axles. The national axle
loading regulations in various OECD countries take these damage ratios into
account. These ratios embody a high, if necessary, degree of simplification
because the damaging effect is also a function of the way the load is distributed
over the axles and whether single or double tyres are used. In most of the
discussion in this section twin wheeled axles are assumed. The difference in
damaging power between single, tandem and tridem axles also grows rapidly
with rising load weight. This is the obvious reason why only the heavier trucks
have tandem or tridem axles.

The grouping and type of tyres also influences potential damage to pavements.
For example, wide base tyres do about 92 percent of the damage of normal
single tyres and twin tyres only do around 77 percent of single tyre damage.
Finally, there are aiso differences in the pavement damaging potential of
different types of vehicle suspension systems. Modern suspension systems are
thought to have only 95 percent of the pavement damaging potential of
traditional suspension systems.

The simplified methodology for calculating the potential pavement damaging
impact of different axle grouping and characteristics shown below provides a
very useful basis for assessing the impact of different types of vehicles. In
practice, conventional axle load surveys are seldom able to provide the amount
of information required for this level of pavement damage evaluation. It is
important nevertheless to have a clear idea of the pavement damage potential
of different types of heavy vehicle because it has an important bearing on road
user charges for heavy vehicles and on national axle loading regulations.

The total pavement damaging power of different types of heavy vehicle can be
summarised in the following simplified model:

PD = [(AL+/ALo) * kq * k2 * k]

where AL, = Joad on the axle or axle grouping
Alg = the reference axle load
k4 (type of grouping) single axle = 1.0
tandem axle = 06
tridem axle = 045
k, (type of tyres) twin tyres = 1.0
wide base tyres = 1.2
single tyres =13
ka (type of suspension) traditional = 1.0
improved = 0.95

a is the exponent
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Based on the use of this model, the OECD in its report “The Impacts of Heavy
Freight Vehicles” evaluated the pavement damaging potential of different types
of trucks and the findings are discussed briefly below.

The Effects of Different Types of Trucks on Pavements

Any reasonably rigorous assessment of the pavement damage attributable to
different types of heavy goods vehicles has to take payload into account. While
it is interesting to know the absolute pavement damage factors for different
vehicle types, it is even more interesting to have information on these damage
factors in relation to payload tonnes. Assuming that a given annual tonnage has
to be transported over a road network, it is important from a vehicle licencing
perspective to know what types of heavy goods vehicles would transport that
tonnage at minimum damage to the pavements. With this knowledge it should
be possible to use the vehicle licencing system to encourage vehicles with axle
configurations which do least pavement damage in relation to load capacity.

The results of analyses carried by the OECD are summarised in Table 4.3.
These show that gross vehicle weight is not necessarily a very good guide to the
pavement, as opposed to bridge, damaging potential. The damage factors for
different types of goods vehicles with different axle configurations is a much
better guide, but the most valid basis for considering pavement damaging
potential by heavy goods vehicles is in relation to payload capacity. The
estimated damage factors per payload tonne of capacity show that large
articulated trucks are usually less harmful to pavements than smaller rigid single
axle trucks. The results in the table assume correct loading and the greater
pavement damaging potential of 2 axle rigid trucks increases when overloading
is taken into account. These results reflect the respective damaging potential of
single, tandem and tridem axles discussed earlier.

None of the systems of heavy goods vehicle licencing encountered in the
TRACECA countries appears to take these factors into account. In the longer
term considerable gains in economic efficiency would result from reforming the
structure of heavy vehicle licences to take pavement damage factors per tonne
of payload capacity into account.

Vehicles and Pavement Damage in the TRACECA Countries

Axle load surveys had been undertaken by the Consuitant in Armenia,
Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan, Turkmenistan and Uzbekistan.
The results of these surveys show that most heavy goods vehicles
manufactured in the C.I.S are smaller and have lighter axie loads than the
equivalent non - C.1.S vehicles traversing the TRACECA road networks. The
overall level of axle loading is very low by international standards, but it can be
expected to increase in line with international experience in the medium to long
term. The contribution of vehicle axle loading to pavement damage in the
TRACECA countries has been much smaller than it would have been if
international vehicle damage factors and incidence of vehicle overloading had
been experienced.

The overall results of the axle loading surveys in six TRACECA countries are set
out in Annex 4 Tables A.4.1 and A.4.2. The overall pavement damage factors
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for heavy goods vehicles in Table A.4.2 are low, but they still overstate the
pavement damaging potential of the different vehicle types because they are
estimated on a single axle basis. In other words, no reduction is made for
vehicles with tandem or tridem axles because this information was not recorded.
it should also be noted that the large samples of heavy vehicles weighed at
each location included empty vehicles and vehicles with low load factors. The
samples were, therefore, representative of the heavy vehicle flows. The average
damage factors using an exponent of four from all the surveys were as follows:

Large Buses Ali=1.50

2 axle trucks All=0.11 non-C.1.S =4.87
3 axle trucks All=0.24 non-C.1.S = 1.27
4 axle trucks All=0.83 non-C.1.S = 1.92
5 axle trucks All = 0.45 non-C.1.S = 1.31

The corresponding damage factors using a 10 tonne reference axie are lower.

Estimates of damage factors per payload tonne have also been estimated in
Annex 4 Table A.4.4 assuming payload to be around 60 percent of gross vehicle
weight, an 8.16 tonne reference axle and an exponent of 4. The resulting
damage factors per payload tonne are summarised below:

2 axle trucks All = 0.02 per payload tonne
Non C.1.S = 0.67 per payload tonne
3 axle trucks All = 0.03 per payload tonne
Non C.I.S = 0.11 per payload tonne
4 axle trucks All = 0.06 per payload tonne
Non C.1.S = 0.12 per payload tonne
5 axle trucks All = 0.03 per payload tonne
Non C.1.S = 0.08 per payload tonne

It should be remembered that these are overestimated to the extent that no
adjustment to damage factors has been made for tandem and tridem axles. The
damage factors per payload tonne are clearly significantly higher for non C.lLS
vehicles than for C.I.S vehicles and this reflects higher load factors as might be
expected from commercial operators of the more expensive international trucks.
The relationship between the damage factors and damage factors per payload
tonne between non C.1.S two axle trucks and multi axle trucks is similar to the
OECD examples. The two axle truck fleets of C.1.S manufacture are dominated
by trucks which are small by international standards and their damage factors
and damage factors per payload tonne are very low both in comparison with
international 2 axle trucks and in relation to multi axle trucks of C.ILS
manufacture.

A revival of economic activity in the TRACECA countries could be expected to
be accompanied by a significant increase in trucking activity and growing load
factors. A greater use of larger articulated trucks of non C.1.S origin can also be
expected. In the medium to long term it can be expected that damage factors for
heavy goods vehicles in the TRACECA countries will move into line with
internationally accepted norms and the implications of this for pavement
maintenance and rehabilitation need to be recognised.
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It will have been noticed that no mention has been made of passenger cars and
other light vehicles in the above discussion. The reason for this is that they
make very little contribution to pavement damage. The pavement damage factor
for a typical passenger car of around 1.6 tonnes is only about 0.0001 and for a
small pickup or minibus it might be of the order of 0.0015 to 0.002. A car,
therefore causes only one thousandth of the pavement damage of an average 2
axle truck of C.I.S manufacture. For light utility vehicles the proportion is 1 - 2
percent. Even allowing for the much greater number of light vehicles on the
roads, the total pavement damage attributable to them is negligible.
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TABLE 4.3 PAVEMENT DAMAGING POTENTIAL OF DIFFERENT TYPES OF
CORRECTLY LOADED TRUCK
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THE FINANCING OF ROADWORKS

General

The financing of roadworks in most of the TRACECA states is nominally through
a road fund set up by government. In Armenia, however, there is no road fund
and financing of roads from the general government budget. In practice, the lack
of financial independence of most of the road funds means that financing of
roadworks operates in much the same way as if it were from the general
government budget.

The main direct charges on road users are in the form of taxes on automotive
fuels, vehicle licences and registration taxes, transit taxes on foreign (non-C.1.S)
vehicles and taxes on vehicle acquisition. Nearly all these charges are at levels
which are very low by international standards. Other taxes used for financing
roadworks include turnover and - or profits taxes on enterprises linked
functionally or locationally with the highway networks. In the economic climate
experienced by most TRACECA states in recent years profits taxes are unlikely
to have been a major contributor to highway budgets. In most cases these taxes
and charges are at levels which are very low by international standards. In part
this reflects a traditional philosophy of road financing inherited from the past,
and it is also the result of a failure to make adequate adjustments in taxes and
charges to take account of inflation. The overall effect has been a declining real
financial contribution from road user charges to the road sectors. This has been
accompanied by an irresistible downward pressure on general government
budgets as a result of the economic depression of the 1990s.

Road Funds
Introduction

Road funds have been established in most of the TRACECA states since 1991.
None of them can be said to possess the degree of financial and operational
independence which the World Bank, for example, regards as critical to their
success. In practice, most of the TRACECA road funds appear to operate as an
extension of the central government's tax collection machinery. They have little
effective control over how much of the money which they collect from the road
sector is used in the road sector. A possible exception to this could be
Uzbekistan where it is claimed that lessons learned from the problems of other
road funds have been incorporated in the design of its own fund. The following
sections briefly summarise the main features of road funds in individual
TRACECA countries.

Azerbaijan

The Road Fund Law setting up Azerbaijan’s road fund was passed in November
1994, but the fund effectively started operations in mid 1994.. Before the
establishment of the road fund the financing of roadworks was from the State
Budget. The fund is supposed to collect revenue from road user charges and
highway related taxes and to pass this revenue on to the Ministry of Finance.
These charges include an automotive fuel sales tax, a road use tax on
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enterprises, a vehicle sales tax, vehicle ownership taxes and a transit tax on non
- C.1.S foreign vehicles. The potential revenue from this transit tax is significantly
reduced by the fact that Iranian vehicles, which constitute the majority of foreign
vehicles, are exempted from paying it.

Fifteen percent of the revenue from the fuel tax is supposed to be passed onto
the fund by the State Fuel Committee, but this has not happened so far. The
Ministry of Finance decides the annual budget to be allocated to Azeravtoyol,
the state highway organisation, so highway financing is still effectively from the
State Budget.

In the second half of 1994 the road fund collected the equivalent of US$ 10
million. This increased to US$ 27.9 million in 1995. The road fund’'s estimated
revenue collection for 1996 is equivalent to US 79.8 million, but as of August
1996 the predicted budget allocation for roadworks by the Ministry of Finance
was no more than US$ 10.4 million of which approximately 80 percent was for
state highways.

5.2.3 Georgia

The law establishing Georgia’s road fund was passed in September 1995. The
law sets out the basis of the fund, its main purpose, the provision of financial
resources for it and the use of those resources. The main charges and taxes
contributing to the fund’s revenues include a sales tax on automotive fuel, a
road use tax on enterprises, taxes on vehicle ownership, a tax on the location of
public utility facilities within road rights of way, contributions from lotteries and
traffic fines, and a transit tax on foreign vehicles entering Georgia and on
Georgian vehicles carrying foreign export cargoes.

In the first seven months of 1996 the proceeds from road user charges and
taxes amounted to the equivalent of US$ 9.46 million. Of this, just over 40
percent came from transit taxes on foreign vehicles, 29 percent from road use
taxes on enterprises, 25 percent from vehicle ownership taxes and only 4.1
percent from taxes on fuel. Indications from the first half of 1996 are that
expenditure on roadworks was running at around 60 percent of the total
proceeds from the fund.

524 Kazakhstan

Up to 1992 expenditure on roads in Kazakhstan was financed from the National
Budget. In December 1991 two categories of road funds were established by
government decree, the National Road Fund for national road maintenance and
development and the Regional (Oblast) Road Funds for local road maintenance
and development. Road fund revenue was originally designed to come from the
proceeds of a road use tax on enterprises, a purchase tax on vehicles, a
vehicle ownership tax based on vehicle horse power, a tax on petroleum
products and vehicle tyres, a tax on the income of transport companies and a
transit tax on foreign vehicles entering Kazakhstan.

The structure of road use taxes and user charges was modified in 1994, but the

new arrangements were rescinded in the second half of 1995. As of mid 1996 a
number of road funding arrangements were under consideration by the
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Government. In general, Kazakhstan’s experience with operating a road fund
has not been satisfactory.

Road fund revenue dropped from the equivalent of US$ 185 million in 1993 to
US$ 92 million and US$ 100 million respectively in 1994 and 1995. The latest
available information on the main sources of road fund revenue only relate to
1993 when road use taxes accounted for 47 percent and taxes on fuel and
vehicle tyres contributed a further 36 percent of the total. In 1993 road fund
revenue and expenditure on roads were almost in balance. Since then,
however, expenditure on roads has been only 50 percent of road fund revenue
in 1994 and 70 percent in 1995. The balance has presumably gone into the
Government’s general tax revenues.

5.25 Kyrgyzstan

The establishment of a road fund has been under consideration for the past two
years, but as of May 1996 the necessary legislation had not been passed.

5.2.6 Tadjikistan

Tadjikistan has a road fund responsible for collecting road user charge revenue,
but details on the operation of the fund are not available.

5.2.7 Turkmenistan

Turkmenistan’s road fund was only established in 1995 and it became
operational at the beginning of 1996. Its objectives were the financing of
requirements for the maintenance, rehabilitation and development of State
roads. The fund’s financial resources were originally intended to come from the
excise duty on automotive fuels, transit charges on foreign vehicles and the
annual vehicle registration tax. Subsequently, the abolition of special
government departmental or agency accounts meant that the road fund could
not be operated as a financially independent entity. A further blow to the fund’s
resources was the removal of the proceeds of the excise tax on automotive
fuels from its control. The fund’s managing authority is Turkmenautellari.

The estimated financial resources of the fund in 1996 are the equivalent of US$
17 million to US$ 20 million depending on whether official or commercial
exchange rates are used, This represents a significant increase on the USs 7
million made available for roads out of the state budget for in 1995.

5.2.8 Uzbekistan

Uzbekistan originally established a road fund in 1993. It has been mainly
financed out of taxes on enterprises and institutions at the state, oblast
(regional) and rayon (district) level, taxes on vehicle ownership and transit taxes
on foreign vehicles entering the country. The fund is responsible for financing all
roadworks, but its resources do not include a tax on automotive fuel. The only
part of the country levying a tax on fuel is the Semi Autonomous Republic of
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Karakalpakistan where a 7 percent fuel tax is in force.The road fund is
administered by Uzavtoyul, the state highway organisation.

The amount of fund revenue raised at just over the equivalent of Us$ 100
million may be insufficient, but Uzbekistan appears to be one of he few
TRACECA countries with a road fund where a significant part of fund revenue is
not appropriated by the finance ministry for non - road uses.

Road User Charges and Road Related Taxes

General

in the following sections the details of road user charges and road related taxes
in individual TRACECA countries are briefly summarised. The information on
these charges was collected during visits to the various countries in the course
of the Project.

Armenia

Armenia is in the process of introducing a new road tax and draft legislation was
supposed to have been presented to Parliament in September 1996. The
present structure of charges and taxes is similar to those in force in most of the
other TRACECA countries and the most distinguishing feature of the new
Armenian proposals will be the much greater reliance to be placed on the
proceeds from a fuel tax.

The main features of the proposed new road tax are as follows:

) The 2 percent tax on the revenues of enterprises involved in vehicle
operation and the 0.43 percent tax on the incomes of all other
enterprises will be replaced by a fuel levy.

) The levy or tax on petrol and diesel will be at the rate of 12 percent.

The Ministry of Finance estimates that the new fuel tax will raise just over the
equivalent of US$ 7 million in a full year and the stated intention is that this will
be specifically assigned to road expenditure. This would be an advance on the
road budgets of US$ 1.65 million in 1994 and US$ 4.15 million in 1995. It should
be noted, however, that only one third of the 1995 road budget allocation had
been paid out as of June 1996. The predicted 1996 fuel tax yield will also be
required to cover a local counterpart contribution of around US$ 864,000 to an
International Development Association (IDA) credit.

Azerbaijan

The existing road taxes and road user charges comprise the following:

o A 0.5 percent tax on the turnover of road vehicle operating companies
and a 0.3 percent tax on the turnover of trading companies and certain
other types of company.
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. A 2 percent vehicle sales tax.
) A vehicle ownership tax levied on the basis of a complicated formula

involving the multiplication of a percentage of the minimum wage rate by
vehicle horse power. For private cars the relevant percentage is 2 and for
other vehicles it is 5.

o International transit tax on foreign vehicles entering the country, but
specifically exempted from this tax are Iranian vehicles which make up
the largest group of foreign (non C.I.S) vehicles. The following transit tax
rates have been in force in 1996:

- Cars - US$ 15 per entry

- Buses - from US$ 30 per entry for buses of 12 passenger capacity
to US$ 100 for buses with a capacity of more than 30 passengers.

- Trucks attract a transit tax of from US$ 100 (less than 10 tonnes)
to US$ 180 for trucks of more than 24 tonnes. It is not clear
whether the truck tonnage refers to payload capacity or gross
vehicle weight. There are additional weight related transit charges
based on truck weight. These range from US$ 0.15 per kilometre
for trucks weighing 37 - 41 tonnes to US$ 1.8 per kilometre for
trucks weighing more than 81 tonnes.

In the absence of vehicle weighing equipment at each border post
it is not clear how the truck weight assessments for transit tax
purposes is made or how the relevant number of kilometres for
charging is calculated. In addition to transit charges on vehicles,
there are transit charges on vehicle loads. These range from
US$ 100 per load for a “not very dangerous” load to US$ 400 per
load for a “very dangerous” load.

. A petrol sales tax of from US$ 3.07 - 3.74 per tonne, depending on
octane level, and a tax on automotive diesel of US$ 2.20 per tonne.
There is also a retail sales tax on automotive fuels of 15 percent.

Azerbaijan has a system of complex road taxes and user charges, but in the
absence of information on the relative contribution of the different charges to
total road fund revenue it is difficult to judge their effectiveness as a source of
revenue. What is beyond dispute is that total revenue raised from road users is
insufficient and the proportion passed on as road budgets is even more
inadequate.

534 Georgia

A tax for the use of public roads is levied on the profits and - or turnover of
specified enterprises. There is a 2 percent profits tax on enterprises operating
passenger transport services. Municipal buses are exempt. The profit tax rate is
0.5 percent for banking organisations and 0.1 percent for other business
organisations. Trading enterprises must also pay a 0.1 per cent tax on their
turnover. Enterprises located within 50 metres of a public road in densely settled
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areas and within 100 metres in less densely populated areas have to pay double
the above tax rates. Organisations selling automotive fuels also have to pay a
fuel tax, and their liability to pay profit taxes is reduced in line with their liability to
pay the fuel tax. The fuel tax is in the form of a value added tax of 5 percent.

There is a vehicle ownership tax based on engine capacity. The rates for
different vehicle types is as follows:
Cars- US$ 0.20 per horse power
Buses-from US$ 0.50 per horse power for vehicles with less than 13
seats to US$ 2.00 per horse power for vehicles with more than 30 seats.
Trucks from US$ 1.00 per horse power for vehicles of less than 11
tonnes to US$ 3.00 per horse power for vehicles of more than 40 tonnes.

The annual registration - ownership tax has to be paid before the annual safety
check and when a vehicle is re-registered on change of ownership.

A transit tax is levied on foreign vehicles entering Georgia and on owners of
Georgian vehicles loaded with foreign cargoes for re-export abroad. The transit
tax rates levied on entry into Georgia are as follows:

Cars US$ 20.00
Buses (less than 13 seats) US$ 40.00
Buses (13 - 29 seats) US$ 80.00
Buses (30 or more seats) US$ 130.00
Trucks (less than 11 tonne payload capacity) US$ 130.00
Trucks (11 - 20 tonne payload capacity) US$ 160.00
Trucks (21 - 39 tonne payload capacity) US$ 220.00

Trucks (40 or more tonnes payload capacity) US$ 300.00
Payment of this tax can be made in US dollars or in other currencies.

Finally, there are taxes on public utility facilities located within State road right of
way and on roadside advertising hoardings. The utility tax is levied at the rate of
the equivalent of US$ 0.10 per linear metre of facility within the right of way. The
tax rate on roadside advertising hoardings ranges from the equivalent of US$ 20
per square metre of hoarding on national roads to US$ 15 per square metre on
intra state (republican) roads and US$ 5 per square metre on local roads.

The State Tax Office is responsible for raising these taxes and road user

charges and for the accounting and financial contrive of the road fund.

Kazakhstan

Under the 1994 restructuring of road financing the main road taxes and user
charges were as follows:

. Special road tax of 1.0 percent of turnover levied on all enterprises. The
proceeds were split in the proportions 30 per cent for national roads and
70 percent for Oblast funds.

o A tax of 1.0 percent on vehicle purchases with the proceeds going to
Oblast funds.
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. An annual transport tax linked to vehicle size.
. A value added tax on fuel, lubricants and tyres the proceeds being

destined for the Oblasts.

. A levy of 2.0 per cent on transporters’ turnover with the revenue going to
national roads.

As mentioned earlier, these arrangements were rescinded during the second
half of 1995 and alternative financing arrangements are still being considered by
the Government.

Kyrgyzstan

In recent years road related taxes and road user charges have comprised the
following:

. an annual road tax of 0.8 percent of turnover levied on most enterprises.
Trading companies and privatised or small scale agricultural enterprises
pay at the rate of 0.08 per cent of turnover.

) a levy of 2 percent on the turnover of all transport companies, which has
now become a voluntary contribution

. an excise tax on petrol of the equivalent of US$ 4.1 per tonne. A similar
tax on diesel was abolished in 1995

. a vehicle registration tax of 5 percent of the vehicle’s value on transfer of
ownership
o an annual vehicle licence tax of approximately US$ 0.90 per horse power

of engine capacity for trucks and US$ 0.02 per horsepower on cars

. A 10 percent import levy on imported cars from outside the C.1.S.

Revenue from these sources goes into the Government’s central budget and it
is not specifically allocated to the Ministry of Transport for expenditure on roads.

A draft of a Republican Road Fund Law was prepared by the Ministry of
Transport as part of the Automobile Road Act which has been under
consideration by the Ministry of Finance since early 1995. The objective of this
would be to establish a dedicated road fund which would legally tie specified
sources of revenue to expenditure on roads. Under the draft proposals there
would be 13 different sources of revenue, either existing or newly proposed.
Proposed new charges and taxes would include the following:

) a value added tax on fuels and tyres
. licencing fees for transport activities

. duties on heavy axies and large vehicles
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. toll fees for selected roads and tunnels
. a transit tax on foreign vehicles entering Kyrgyzstan

As of May 1996 the Ministry of Transport was attempting to add supplementary
proposals focusing on existing taxes and charges. Revenue from taxes paid by
vehicle owners amounted to around US$ 5.4 million in 1994. Revenue from
automotive fuel taxes might have contributed a further US$ 0.8 million. These
revenues are clearly inadequate in relation to expenditure requirements, but
total Government revenue in 1994 only amounted to the equivalent of US$
181.8 million.

Turkmenistan

The main road user charges in force in Turkmenistan include transport licence
fees, taxes for vehicle inspection , vehicle registration fees, fuel tax, import
duties on vehicles and transit fees for international (non - C.I.S) vehicles. The
main features of current charges and taxes are as follows:

. Road transport licence fees. These have been applicable to
international road transport enterprises since May 1996. Before then they
were also applied to domestic transport enterprises, but at a much lower
rate. Foreign freight carriers now pay monthly fees at the following rates
per vehicle:

- Trucks with a carrying capacity of less than 10 tonnes  US$ 20
- Trucks with carrying capacity of 10 - 20 tonnes US$ 50
- Truck with carrying capacity of more than 20 tonnes US$ 100

. Annual vehicle inspection fees are collected by the Police Department
of the Ministry of the Interior. The fee for Turkmen vehicle owners is the
equivalent of US$ 0.12 per vehicle and for foreign owners the fee is US$
4.00 per vehicle. It is not immediately apparent why inspection of foreign
owned vehicles should be thirty three times more expensive than for
domestic vehicle owners.

. Vehicle registration fees in the form of fees for vehicle licence plates
are the equivalent of US$ 7.50 for Turkmen and US$ 100.00 for foreign
owners.

. Duties on passenger vehicles imported from outside the C.1.S and Iran

are levied at the rate of 10 percent of the vehicle’s declared import value
which cannot be less than US$ 1,000. There are also additional Customs
charges of 0.2 percent to cover the administrative paperwork.

. Transit charges on international vehicles entering Turkmenistan are
as follows:
- Trucks of less than 10 tonnes carrying capacity US$ 50
- Trucks of 10 to 20 tonne carrying capacity US$ 100
- Trucks of more than 20 tonnes carrying capacity US$ 150

Passenger vehicles attract the following transit charges:
Cars US$ 30
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Buses with less than 20 seats UsS$ 25
Buses with 13 to 30 seats USs$ 50
Buses with more than 30 seats US$ 100

In 1995 vehicles from the C.1.S countries (except Azerbaijan, Georgia
and Ukraine) and from Afghanistan, lran and Turkey were exempt and if
this is still the case, the potential revenue yiel from this charge seems
rather limited.

o Excise tax on motor fuels are at the rate of 55 percent and 60 per cent of
the respective ex refinery prices of petrol and diesel. In October 1996 these
were the equivalent of US$ 0.047 - 0.052 per litre for petrol and 0.038 per
litre for diesel. Even allowing for distribution costs, the economic opportunity
cost of Turkmen refined automotive fuels is probably nearer USS$ 0.30 per
litre. The above percentage rates seem to be quite high, but the ex refinery
prices on which the tax is based are so extraordinarily low by international
standards that this resuits in a very low duty in practice.

e Annual tax on road vehicles. This is based on a specified multiple of the
minimum wage and in US dollar equivalent terms the tax rates are
approximately as follows:

Cars uss$ 10

Buses (depending on seating capacity) US$ 40 - 100
Rigid trucks (depending on capacity) US$ 100 - 1,000
Road tractors (depending on horse power) US$ 150 - 400
Semi trailer (depending on load capacity) US$ 50 - 250

Until the beginning of 1996 revenues from some of the above taxes went into
special Ministry of Road Transport accounts at the Bank of Turkmenistan.
However, all special accounts were abolished in January 1996 and these
revenues now go into the State Budget. Revenues from vehicle inspection are
allocated to the special Road Traffic Safety Fund which comes under the
jurisdiction of the Ministry of the Interior. Revenues from transit charges are
supposed to be directly allocated to the Road Fund administered by
Turkmenautoellari, but there is some doubt as to whether the full hard currency
receipts are being transferred to the fund.

Uzbekistan

Uzbekistan has the traditional mix of road taxes on enterprises, taxes on vehicle
purchase and ownership and a transit tax on foreign vehicles. Except in
Karakalpakistan there is no automotive fuel tax.

The profits tax on enterprises operating road vehicles is levied at the rate of 2.0
percent. The purchases tax on vehicles is at 5.0 percent for cars and 10 per
cent for buses and trucks. The transit tax on foreign (non-C.I.S) vehicles
entering the country has been fixed at US$ 150.0, but this figure appears to
have been arrived at arbitrarily and not based on rigorous analysis.
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54 Road Budgets and Expenditure on Roads

The traumatic economic conditions experienced by most of the TRACECA
countries since 1991 have been reflected in severely constrained government
budgets and sharply reduced levels of expenditure on roads. Consequently,
expenditure levels on roads appear to be low both by historical standards and
by the standards of other countries of similar income levels.

The available evidence on expenditure on roads, total central government
expenditure and Gross Domestic Product which is set out in Table 5.1 has to be
treated with considerable caution because of the uncertain quality of the data,
but it does indicate a fairly consistent pattern. All the countries except
Turkmenistan and Uzbekistan are spending significantly less per kilometre on
their state road networks than was being spent in the mid 1980s. In Azerbaijan,
Kazakhstan, Kyrgyzstan and Tadjikistan the prevailing levels of expenditure on
state roads are less than half of the levels between 1983 and 1985. In Armenia
it is just over half.

Expenditure on roads appears to lie within the range 0.2 - 1.9 per cent of total
central government expenditure in 1995/1996. In Tadjikistan, however, it
appears to be only 0.2 per cent. For the TRACECA countries, excluding
Tadjikistan, expenditure on roads is 0.16 - 0.35 per cent of Gross Domestic
Product. Once again, Tadjikistan is well below the range at only 0.05 percent of
GDP.

Historical and international comparisons are only interesting up to a point. The

main interest in any analysis of expenditure levels on roads is how they compare
with required expenditure levels. This is the subject of the next chapter.
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TABLE 5.1: TRACECA COUNTRIES - EXPENDITURE ON ROADS 1983/85 - 1995/96
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ROAD USE COSTS AND EXPENDITURE

General

In this chapter estimates are presented of the total costs of using the inter state
and intra state road networks in each of the TRACECA countries. These costs
are undiscounted life cycle costs presented on an average annual basis. The
road use costs are then compared with the budget - expenditure levels in each
country as presented in the last chapter and the excess of required
maintenance and rehabilitation expenditure over existing expenditure levels
shows the scale of the financing gap, if any.

At this early stage it is important to distinguish clearly between road use costs
and road user costs. Road user costs were discussed at some length in
Chapter 3 where they were defined as including the following categories of
costs incurred by road users:

. Vehicle operating costs
. Passenger delay costs
. The costs of delays to goods in transit.

Accident costs to road users are also included in road user costs, but they have
not been quantified in this study in the absence of adequate data.

Road use costs are the other main component of total road transport costs,
namely the costs of building, maintaining and managing or administering roads.
These costs include the costs of routine annual maintenance, periodic
maintenance and rehabilitation, which are usually incurred by the highway
agency or department, and the administrative, policing and other costs incurred
by other agencies or government departments.

Although the potential importance of environmental costs in total transport costs
is acknowledged, especially where new addition to road infrastructure is
involved, they are not discussed further in this study which is mainly concerned
with road maintenance and rehabilitation in an inter urban context.

The cost of maintaining and rehabilitating road networks is a function of their
initial characteristics and condition, the levels and characteristics of traffic using
them, factors associated with the road’s physical environment, and the unit
costs of roadworks. A rigorous assessment of future road network maintenance
and rehabilitation requirements should normally be based on detailed
information by road section on road condition, pavement roughness, pavement
strength and a number of other engineering factors likely to affect future
pavement life and the nature and costs of future roadworks. The assessment
would also include detailed analysis of present and future traffic by vehicle type
and axle loading and an analysis of road user costs at different road pavement
roughness levels. Predictions also have to be made of future pavement
performance and pavement surface roughness based on an assessment of the
expected impact of traffic.

The most rigorous basis for estimating future road network maintenance and
rehabilitation requirements would be an engineering and economic analysis of
alternative treatment strategies on a section by section basis. This is the type of
approach envisaged in the use of the computerised pavement management
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system being demonstrated in each country as part of this Project. The nature
and cost of all the section level strategies would be brought together to create a
network level road expenditure programme over time and the total costs of this
would be calculated on a year by year basis. This approach is very demanding
of resources and as a minimum it needs to be based on a detailed highway
database of the type which is not yet available in the TRACECA countries at the
network level. In summary this is the future aim of the current project which can
be seen as the first, the important step for the implementation of the PMS.

A slightly simpler approach, which is still faily demanding of highway data,
involves describing the network in a matrix of hypothetical representative
sections combining defined road and traffic characteristics. Optimum
maintenance and rehabilitation strategies would be developed for each of these
representative road sections on the basis of engineering and economic cost
benefit analyses, probably using a computerised model of some sort. In this
optimisation analysis different potential, initial and subsequent road expenditure
plans would be compared with a “do minimum” scenario in a discounted cash
flow analysis and the plan or strategy showing the highest economic Net
Present Value (NPV), NPV per kilometre or Benefit -Cost Ratio would be
selected. The optimum strategy for each section would be the one minimising
total discounted life cycle transport costs in which, it will be remembered, road
user costs are the main component. The optimum strategy and the implied road
agency expenditure programme over time for each section would be set out and
the road costs for all sections would be added up to form an overall expenditure
programme from which the average annual road expenditure requirements for
the network would be ascertained.

It is important to be clear about the role of road user costs in this process. Road
user costs are a vital component of the optimum strategy analysis because they
are the largest component of total transport costs associated with each scenario
being compared. However, once the optimum maintenance and rehabilitation
strategy for each section has been found on the basis of engineering and
economic cost benefit analysis, the focus of attention moves to road or road use
costs. These are the future highway agency costs which will dictate road
expenditure requirements and , hopefully, budgets.

The approach to the estimation of road use costs described later in this chapter
is of necessity a highly simplified version of the representative section approach
described above. The road use cost analysis has had to be based mainly on
readily available data in the highway departments in each country. An exception
to this is vehicle axle load data which was collected in a series of special
surveys conducted by the Consultant. With the possible exception of
Kazakhstan, none of the TRACECA countries has a highway database capable
of sustaining the above type of analysis. The detailed databases created for the
pilot road sections selected for the introduction and training of the pavement
management system under the Project covered approximately 30 kilometres of
main road in each country. These sections were not though for and also are too
short to form a representative sample of pavement characteristics suitable for
extrapolation to the network level. However, all socalled TRACECA roads
(marked as ROAD CORRIDOR on the TRACECA Map) were inspected and data
recorded for road surface condition category/class with relation to IRI
(roughness).
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Table 6.1 PAVEMENT STRENGTH INDICATORS IN SELECTED C.I.§ COUNTRIES

Armenia (a) 4,5 4,0 2,6 2,6 2,4
Armenia (b) 7.5 4,8 4,0 3,0 2,3
Azerbaijan 4,9 4,0 3.8 3.5 2,9
Georgia 5,0 4,2 3.5 3.2 2,6
Kazakhstan 4,6 4,0 3.0 2,4 2,0
Kyrgyz Republic 4,6 3.9 3.0 2,8 1.5
Tajikistan 4,6 3.9 3.0 2,8 1.5
Uzbekistan 4,7 4,0 3,0 2,5 2,0

Carl Bro International a/s
Kyrgyz Republic
(Bishkek - Osh Road) 612 3.9 3,6 2.8

TecnEcon - The Armenia
Highway Survey”

CowiConsult and TecnEcon
"Road and Road Transport
Std4dy in Russia, Ukraine,
Kazakhstan and Belarus"

Russia - Moscow area 1454,0 6,2 6.8 4,6 1,9
Russia - St Petersburg area 850,0 4,2 5.1 4,6 3,9 2,3
Russia - Samara area 476 5,6 4,6 4,2 3,2 2
Russia - Tjumen area 235 3.8 4,1 3,6

Russia - Irkutsk area 592 4.4

Kazakhstan - 2 areas (a) 962 4,6 4,2 3.2 2,8 2,3
Ukraine - 2 areas 1.190 4,2 2,3 1.4

10 tonne design:
Normal layer coefficients 8,0 7.0
Reduced layer coefficients 6.5 5,5

6 tonne design:

Normal layer coefficients 5,0 4,5 4,0 3,0 2,0
Reduced layer coefficients 4,0 3,5 3,0 2,5
Note: (a) Assumed from design standards

(b) Based on benkelman beam survey results.

Sources: Consultant's estimate.
CowiConsult and TecnEcon - "Roads and Road Transport Study"”
(Russia, Ukraine, Kazakhstan and Belarus) - for EBRD, 1992
Carl Bro International a/s - Road (Bishkek-Osh) Rehabilitation Project
- for Asian Development Bank (1995)
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TABLE 6.1: PAVEMENT STRENGTH INDICATORS IN SELECTED C.I.S COUNTRIES
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The methodology used for estimating road use costs is based on a short cut
approach suggested by the World Bank and this is described in greater detail
below. However, even this short cut approach requires the following network
level information:

. representative daily traffic levels by vehicle type
. axle loading by vehicle type
. pavement strength

The next section sets out the estimates of the above traffic and pavement
strength inputs for each country and the process by which they were obtained.

The Characteristics and Utilisation of the Main Road Networks

Characteristics of the Main Road Networks

The highway institutions and agencies in the TRACECA countries have more or
less readily available road inventory information on road geometrics and
pavement type, visual road condition survey information and information on the
design standard to which individual road sections were built. Except in Armenia
and Kazakhstan, there is very little information on pavement strength as
measured by Benkelman Beam surveys and virtually no pavement roughness
survey data. In general, more and better information is available for the inter
state roads than for the intra state or old republican roads. The lack of
information on the characteristics of district and local roads precluded their
inclusion in the road use cost study, even though they form the largest part of
each country’s public road network.

The World Bank’s short cut approach to road use cost analysis being adopted
for this study uses information on pavement strength (modified structural
number) as a proxy for pavement characteristic and condition. The absence of
pavement strength data in most TRACECA countries is, therefore, a potential
obstacle to this form of analysis. Information on road design standards is,
however, widely available and this provides the somewhat imperfect guide to
potential pavement strength which has had to be used in this study. The main
features of the geometric and pavement design standards used in the C.1.S are
shown in Annex 6 Table A.6.2. There are, however, differences in pavement
design details from country to country. reflecting the differences in geography
and climate.

The structural numbers for different pavement design categories shown in
Annex 6 Table A.6.2 are based on normal pavement layer coefficients for road
construction in the West. However, there are reasons to believe that layer
coefficients for roads built in the former Soviet Union can be considerably lower.
The reason for this is that roadworks often deviated from the design standards
in their implementation. The use of poorer than specified quality materials,
variations in sub base thickness and low compaction levels have been three of
the more common examples mentioned by highway engineers in the TRACECA
and other C.I.S countries. In the “Roads and RoadsTransport Study of Russia,
Ukraine, Kazakhstan and Belarus” carried out by CowiConsult and TecnEcon for
the EBRD in 1992 it was suggested that a general reduction in theoretical layer
coefficients of, around, 20 percent was warranted when assessing pavement
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strength from the design standards. According to the AASHTO Guide for Design
of Pavement Structures, this corresponds to a reduction of E-module by 20
percent or CBR values by 30 percent for unbound materials. Our assumptions
about road design standards and pavement strength are based on the above
suggestion that a 20 percent reduction in the layer coefficients should be made.

The assumptions used in this study about pavement strength for roads of
different design standards are summarised in Table 6.1. This table also shows
estimates which have been made in a number of other studies in recent years in
the C.I.S. In Armenia there are two alternative pavement strength assumptions.
The first is based on design standards as in the other countries, and the second
is based on the results of a benkelman beam survey carried out in 1995. The
results of our statistical analysis of the resuits of this survey are presented in
Annex 6 Table A.6.3. The deflections recorded in the survey were converted to
Modified Structural Number using a formula recommended in the World Bank'’s
documentation of its HDM-IIl model. The survey was extensive and the sample of
over 2,500 observations was very large . It was, therefore, hoped that the results
could form the basis of a more rigorous approach to linking pavement strength
to design standards in the TRACECA countries. In practice, however, we have
some reservations about the data largely arising from the high degree of
uniformity of deflection levels recorded across large lengths of road and
different design standards. This may have been the result of the equipment
used or its calibration. In the case of Armenia, therefore, the road use cost
analysis described later in this chapter is undertaken on the basis of the
alternative assumptions about pavement strength shown in Table A.6.3.
Deflection surveys have also been undertaken in Kazakhstan in recent years,
but the results were only available in the form of a qualitative summary. No
alternative pavement strength estimates based on deflection survey results
could, therefore, be made.

The length of inter state and intra state roads falling within the five different
design categories in each country are shown in Annex 6 Table A.6.1 In each
country this summary has been based on an analysis of the detailed section by
section road data made available by the respective highway institutions. For
certain countries the quality of data available for the intra state network was of
variable coverage and in these cases it has been necessary to make
assumptions about applicable design categories based on the distribution over
the rest of the intra state network. In the case of Azerbaijan it should be noted
that the intra state road network defined for this study does not include roads in
the occupied territories. There is no up to date information on these roads.

Utilisation of the Main Road Networks

The analysis of traffic levels on the main road networks has largely been based
on the results of routine classified traffic surveys undertaken by the respective
highway institutes. Most TRACECA countries inherited efficient traffic counting
and analysis procedures for inter urban main roads, but subsequent budget cuts
have had a significant adverse effect on the coverage of traffic counting
programmes in certain countries. Inter state roads are covered in greater detail
than are the intra state roads in most countries and for this reason the traffic
estimates for inter state roads are more reliable than those for the intra state
network.
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The traffic estimates for intra state roads in Tadjikistan, Uzbekistan, Armenia,
and Georgia are considered to be less reliable than those for the other
countries. In Georgia the traffic counting programme virtually ceased between
1991 and 1995 and the counts undertaken within the last eighteen months have
concentrated on selected inter state roads. Even now, the traffic survey
coverage of Georgia’s inter state road network is inadequate and the Consultant
carried out supplementary classified volume counts on three inter state roads.
The estimates of traffic on Georgia’s intra state road network are based on the
results of the extensive routine surveys undertaken in the period before 1990, in
particular between 1986 and 1990. The average traffic levels indicated in these
surveys have then been significantly reduced in accordance with the observed
reduction in traffic on inter state roads where recent data made possible a
comparison of 1986-1990 and 1995-1996 traffic levels. In Armenia an excellent
traffic counting programme has been established, but it is focused on the inter
state road network. The only information on intra state road traffic levels is from
traffic counts undertaken on roads which were inter state roads but which have
recently been classified as intra state roads. Some of the traffic data collected
as part of the 1994 “Armenia Highway Survey” comes under this category.

Where traffic data on the intra state networks were inadequate estimates have
been based on analysis of traffic levels by road design category on inter state
roads and on the original traffic levels inherent in the design category. The traffic
thresholds for each design category are as follows:

) Design Standard category |. Average daily traffic (ADT) over 7,000
. Design Standard category |l ADT 3,000 - 7,000

. Design Standard category Il ADT 1,000 - <3,000

. Design Standard category IV ADT 100 - <1,000

) Design Standard category V ADT <100

The significant reductions in traffic which have taken place in most TRACECA
countries since 1990/1991 may well have nullified a large part of the traffic
growth which took place in 1970s and 1980s after the roads were constructed.
For this reason, the traffic ranges in the design standard categories may well
offer a better guide to current traffic ranges on the intra state roads than would
have been the case in a continuous traffic growth environment.

The vehicle classification system used in routine traffic counts in all TRACECA
countries except Armenia has a vehicle weight based classification for goods
vehicles.In this system trucks are, with some local variations, classified as

follows:

. trucks of less than 3 tonnes
. trucks of 3 - <5 tonnes

. trucks of 5 - 8 tonnes

) trucks of over 8 tonnes

An axle based truck classification system is more commonly used internationally
and is required for use in the World Bank’s HDM-IIl model. In this study and in
the PMS programme system provided to each of the recipient states under the
current Project the following vehicle classification system has been used for
traffic and axle load inputs. Armenia has also adopted a similar axle based
vehicle classification system since traffic surveys were undertaken for the
“Armenia Highway Survey” in 1994.
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. Passenger cars, jeeps etc.
) Utility vehicles (minibuses, pickups and small vans)
o Large buses
axle trucks

axle trucks or truck-trailer combinations
trucks or truck-trailer combinations of more than 3 axies

The Consultant carried out a large number of moving observer counts on
different types of road in each country. Classified volume counts of buses and
trucks were carried out as part of the axie load surveys undertaken in Armenia,
Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan, Turkmenistan and Uzbekistan.
Additional comprehensive classified volume counts were also carried out in
Georgia. The results of all these counts were used to convert the results of the
official routine counts to the above axle based classification.

The estimates of traffic by road design class were based on detailed analysis of
the combined road section and traffic count data. The results of this analysis for
each country are presented in Annex 6 Table A.6.4. The overall utilisation of
each country’s inter state and intra state networks in terms of vehicle kilometres
by vehicle type is presented in Table 6.2 below. In the TRACECA region as a
whole cars account for just over half the inter urban vehicle kilometres and light
utility vehicles make up a further 9 per cent of the total. Large buses account for
just under 4 per cent and trucks for just under one third.

Overall, approximately 45 percent of inter urban vehicle kilometres are on inter
state roads and 55 per cent are on intra state roads. However, this overall
picture is heavily influenced by the very large intra state road networks in
Kazakhstan and Uzbekistan. In the other TRACECA countries the inter state
networks carry a significantly larger share of total inter urban vehicle kilometres
than the intra state networks.

The distribution of equivalent standard axle (ESAL) kilometres shows a very
different picture of the potentially damaging impact of vehicles in terms of
network utilisation. The summary of ESAL kilometres which is presented in Table
6.3 shows a very different pattern between vehicle types as might be expected
from the discussion of pavement damage from axles in Chapter 4. Light vehicles
contribute less than 0.2 percent of total ESAL kilometres on inter urban main
roads in the TRACECA countries. Large buses account for 32 percent of total
ESAL kilometres and trucks account for just over 67 percent. The overall
distribution of ESAL kilometres between inter state and intra state roads is once
again heavily influenced by Kazakhstan and Uzbekistan in showing inter state
roads carrying only 39 per cent of the total. In most countries the inter state
network carries between two thirds and three quarters of inter urban ESAL
kilometres. Detailed estimates of ESAL kilometres by road design standard on
inter state and intra state road networks in each country are presented in Annex
6 Table A.6.5.
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TABLEGB-2

Table 6.2 TRACECA COUNTRIES - VEHICLE KILOMETRES BY MAIN ROAD CATEGORY AND VEHICLE TYPE 1996

» - : i Venicle Kilometres {
Armenia Inter State 1.569.1 1.057.7 129,8 90,1 117,3 108,2 23,5 1.526,6
Intra State (Rep.) 1.578.7 289,2 46,5 16.8 45.2 36.2 9,5 443,4
Total Main 3.147,8 1.346,9 176,3 106.9 162,5 144,4 33,0 1.976,0
% total 68.4 8.9 5.4 8.2 7.3 1.7 100,0
Azerbaijan Inter State 1.409.0 1.272.8 279.2 143.,5 521.1 109.0 159.3 2.484.9
Intra State (Rep.) 3.280.,0 694.5 325.9 133,1 542,6 151.7 164.2 2.012,0
Total Main 4.689,0 1.967,3 605,1 276,6 1.063,7 260,7 323,5 4.496,9
% total 43,7 13.5 6.2 23,7 5.8 7,2 100,0
Georgia Inter State 946.0 1.202.4 58.4 113.3 68.1 64,4 26.8 1.533,4
Intra State (Rep.) 4.059.3 436,1 20.0 35.7 26.8 24,2 12,2 555,0
Total Main 5.005,3 1.638,5 78,4 149.0 94,9 88,6 39,0 2.088,4
% total 78.5 3.8 7.1 4.5 4.2 19 100,0
Kazakhstan Inter State 6.132.0 2.594.0 194,0 45.0 811.0 486,0 93,0 4.223,0
Intra State (Rep.) 11.364.0 3.715,0 322.0 64,0 986.0 549.0 230,0 5.866,0
Total Main 17.496,0 6.309,0 516,0 109,0 1.797,0 1.035,0 323,0 10.089,0
% total 62.5 5.1 1.1 17.8 10,3 3.2 100.,0
Kyrgyz Rep. Inter State 747.6 423.6 51.8 30.0 103.0 54,6 25,7 688.7
Intra State (Rep.) 2.362.3 460.9 83.5 43.6 156.0 37.7 35,7 817.4
Total Main 3.109,9 884.5 135,3 73,6 259,0 92,3 61,4 1.506,1
% total 58.7 9.0 49 17.2 6,1 4,1 100,0
Tajikistan Inter State 1.089.1 337.4 27.8 20.5 92.4 50,5 16.5 545,1
Intra State (Rep.) 696.1 43.2 6.4 2.5 13.5 6.2 3.7 75.5
Total Main 1.785,2 380,6 34,2 23,0 105,9 56,7 20,2 620,6
% total 61,3 5.5 3.7 17.1 9.1 3.3 100,0
Turkmenistan Inter State 1.211.6 761.3 119.1 162,2 532,6 64,2 149,9 1.789.3
Intra State (Rep.) 6.471.0 741.4 201.9 49.3 190.8 98.6 474.1 1.756.1
Total Main 7.682,6 1.502,7 321,0 211,5 723,4 162,8 624,0 3.545,4
% total 42 .4 9.1 6.0 20.4 4.6 17,6 100,0
Uzbekistan Inter State 1.393.0 1.416.6 430.5 116.0 852.4 137.6 119,4 3.072,5
Intra State (Rep.) | 20.432.0 2.777.6 727.0 254.5 2.517.1 699.9 580,7 7.556,8
Total Main 21.825,0 4.194,2 1.157,5 370,5 3.369,5 837,5 700,1 10.629,3
% total 39,5 10.9 3.5 31.7 7.9 6,6 100,0
Note: Main roads are defined as the inter state (magistrale) and intra state (republican) road networks.
Source: Consultant's estimates based on the national authorities’ road and traffic data.
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TABLE 6.2 TRACECA COUNTRIES - VEHICLE KILOMETRES BY MAIN ROAD
CATEGORY AND VEHICLE TYPE 1996
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Table 6.3 TRACECA COUNTRIES -

TABLES-3

ESAL KILOMETRES BY MAIN ROAD CATEGORY AND VEHICLE TYPE

Road

" Road
- Class "?Iinqﬁh:
a (km)

Inter State 1.569,1 0,11 0,18 57,19 18,96 44,06 8,36 128,86
Intra State (Rep.j 1.578,7 0,03 0,07 10,69 7,30 14,75 3,36 36,20
Total Main 3.147,8 0,14 0,25 67,88 26,26 58,81 11,72 165,06
% total 0,08 0,15 41,12 15,91 35,63 7,10 100,00
Azerbaijan Inter State 1.409,0 0,13 0,39 177,10 66,29 19,53 53,92 317,36
Intra State (Rep.] 3.280,0 0,07 0,46 164,29 69,02 27,19 55, 56 316,59
Total Main 4.689,0 0,20 0,85 341,39 135,31 46,72 109,48 633,95
% total 0,03 0,13 53,85 21,34 7,37 17,27 100,00
Georgia Inter State 946,0 0,12 0,08 226,66 6,64 32,22 30,29 296,01
Intra State (Rep.|] 4.059,3 0,04 0,03 71,38 2,61 12,09 13,78 99,93
Total Main 5.005,3 0,16 0,11 298,04 9,25 44,31 44,07 395,94
% total 0,04 0,03 75,27 2,34 11,19 11,13 100,00
Kazakhstan Inter State 6.132,0 0,26 0,27 11,09 36,72 88,08 19,98 156,40
Intra State (Rep.| 11.364,0 0,37 0,45 16,00 44,66 99,60 49,58 210,66
Total Main 17.496,0 0,63 0,72 27,09 81,38 187,68 69,56 367,07
% total 0,17 0,20 7,38 22,17 51,13 18,95 100,00

Kyrgyz Rep. Inter State 747,6 0,04 0,07 4,97 7,07 9,10 16,26 37,51
Intra State (Rep.] 2.362,3 0,05 0,12 7,24 10,70 6,28 22,59 46,98
Total Main 3.109,9 0,09 0,19 12,21 17,77 15,38 38,85 84,49
% total 0,11 0,22 14,45 21,03 18,20 45,98 100,00
Tajikistan Inter State 1.089,1 0,03 0,04 2,38 6,34 8,41 10,43 27,63
Intra State (Rep. 696, 1 0,01 0,01 0,29 0,93 1,03 2,33 4,60
Total Main 1.785,2 0,04 0,05 2,67 7,27 9,44 12,76 32,23
% total 0,12 0,16 8,28 22,56 29,29 39,59 100,00
Uzbekistan Inter State 1.393,0 0,14 0,60 127,61 164,52 25,86 120,77 439,50
Intra State (Rep.| 20.432,0 0,27 1,01 274,39 476,78 128,24 581, 31 1.462,00
Total Main 21.825,0 0,41 1,61 402,00 641,30 154,10 702,08 1.901,50

% total 0,0 0,1 21,1 33,7 8,1 36,9 100,0

Note: Main roads are defined as the inter state (magistrale) and intra state (republican) road networks.

Source:

Consultant's estimates based on the national authorities' road and traffic data.
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TABLE 6.3 TRACECA COUNTRIES - ESAL KILOMETRES BY MAIN ROAD CATEGORY
AND VEHICLE TYPE
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Indicative Estimates of Road Use Costs

General

The estimated cost of using road networks in each country should be a basic
input into any discussion about highway financing and road user charging policy.
Without a realistic estimate of road use costs, decisions about road budgets are
made in a vacuum and any cost recovery policy lacks a credible foundation.
Road use costs are defined in this study as the average annual costs of
maintaining, rehabilitating and managing road networks over a life cycle of
several years. It will be noticed that the cost of adding to the road networks by
building new roads is not included in this definition which is basically limited to
recurrent costs . The cost of new roads should be considered separately under
a capital investment cost heading, However, new roads start incurring recurrent
costs as soon as maintenance commences. These recurrent costs should
obviously be included in our definition of road use costs. In practice, very few
new roads are being built in the TRACECA countries.

Road use costs can be divided into fixed and variable costs. Variable costs
comprise that portion of costs which is dependent on traffic and loading. In the
long run most road costs are variable to some degree, but it is usual practice to
include as a minimum the costs of policing and administration and interest on
loans in fixed road costs. There are also portions of routine and periodic
maintenance and rehabilitation which are considered to be fixed . It is important
to be able to distinguish between fixed and variable road use costs because the
distribution between the two has a significant influence on the optimum structure
of road user charges. The allocation of road costs between fixed and variable
elements usually requires rather detailed research and can be time consuming
which was not part of this study, and therefore the division of road costs
between fixed and variable elements has been based on the results of analyses
carried out by and for the World Bank in many low income countries.

Methodology Used for Estimating Road Use Costs
World Bank Short Cut Analysis of Road Use Costs

The approach to estimating road use costs adopted in this study is based on a
short cut methodology suggested by the World Bank. This methodology is
based on a series of analyses of optimum maintenance strategies using the
Highway Design and Maintenance Standards model (HDM-1Il) and data from a
wide range of road studies in low income countries. In the analysis optimum
maintenance strategies and the associated life cycle average annual road use
costs were developed for a range of combinations of traffic, pavement strength
and pavement loading. This range of combinations can be considered as a
three dimensional matrix made of cells comprising different combinations of
traffic, pavement strength and traffic loading. The optimum maintenance
strategy for each combination, or cell in the matrix, involves routine maintenance
plus the application of periodic thick or thin overlays at pavement roughness
thresholds defined as optimum on the basis of extensive analysis using HDM-III.
It also includes reconstruction where relevant.The average annual road use
costs associated with each optimum maintenance and rehabilitation strategy are
then recorded. The results of the World Bank analysis are set out in Table 6.4.
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TABLE 6.4 AVERAGE ANNUAL ROAD USE COSTS UNDER OPTIMUM MAINTENANCE
STRATEGIES
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The pavement strength levels considered range from strong pavements with a
modified structural number (SNC) of 8 to weak pavements with an SNC of 2.
Average daily traffic ranges from 10,000 to 300 vehicles and traffic loading
ranges from 1.74 million to 13,000 equivalent standard axles per lane per year
were taken for use in the analysis. Analyses were undertaken under alternative
assumptions about traffic composition, notably the proportion of trucks in the
total. For the purpose of this study the moderate and light traffic loading
assumption with normal (20 percent) truck composition was taken to be the most
appropriate in view of the low axle loading recorded in the axle surveys carried
out in the TRACECA countries.

In its analysis the World Bank distinguishes between fixed and variable road use
costs. The distinction is based on the results of many international studies and,
for recurrent maintenance and rehabilitation costs, on the results of HDM-III
analysis. In this analysis the results of the model runs with predicted traffic were
compared with runs where no traffic data was input. The results of the no traffic
runs showed the non traffic related or fixed cost components of recurrent costs .
All policing and road administration costs were taken as fixed costs and the
order of magnitude of these items was based on the results from several
international studies.

The road user costs used in the World Bank's HDM-lIl based maintenance
strategy analyses were derived from a range of international studies and
relationship between road user costs and pavement roughness would have
been derived from the model. Predicted traffic growth rates used in the analysis
are not specified by the World Bank, but they would presumably also be based
on a wide range of international experience.

The economic and financial unit costs used in the World Bank analyses were
also based on extensive international evidence. Economic costs were used in
the strategy analyses. The unit costs on which the Bank’s road use cost analysis
was based were as follows:

Treatment Economic cost (US$/km)  Financial cost (US$/km)
Routine maintenance 1,450 + 0.43 (AADT) 1,700 + 0.5 (AADT)
Reseal 19,400 22,400

Thin overlay (40mm) 47,600 56,000

Thick overiay (80mm) 76,200 90,000

Reconstruction (+2 SNC) 238,000 280,000

There are considerable variations in and uncertainties about the unit costs of
roadworks in the C.I1.S countries and this largely reflects local price distortions.
The results of a comparison of unit costs of different roadworks used in a
number of studies sponsored by international donors in recent years are set out
in Annex 6 Table A.6.7. There is little discernible pattern in these costs and
considerable uncertainty about realistic unit costs in the TRACECA countries. In
view if this it was decided to use the unit costs in the World Bank’s analysis and
not to attempt to modify them to take account of possible local price factors.

It is not possible without a considerable amount of research to determine to
what extent the results of the World Bank analyses would overstate or
understate road use costs when applied to the TRACECA countries. To the
extent that unit costs within the TRACECA region are below international levels
in low income countries, the results would tend to overstate these costs, but
there is little persuasive evidence either way. There is a tendency to overstate
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the loading related road use costs because the vehicle damage factors used in
the Bank's maintenance strategy analyses are higher than present damage
factors in the TRACECA region. However, there may also be a tendency to
understate costs in those parts of the TRACECA region subject to severe winter
weather because the HDM-Il was not specifically designed to simulate
pavement behaviour under extreme freeze-thaw conditions. On balance, the
assumption in this study is that the road use costs predicted in the Bank’s
analyses for different combinations of pavement strength, traffic and loading are
of the right order of magnitude.

Adaptation of the World Bank’s Road Use Cost Estimates

The results of the short cut method of road use cost analysis suggested by the
World Bank have been adapted for use in this study. The following main inputs
for the analysis for each country have been prepared as described earlier in this
chapter:

Average daily traffic by vehicle type and road design category

Vehicle kilometres by vehicle type and road design category

ESAL kilometres and ESA per lane per year by road design category
Pavement strength as measured by modified structural number for each
road design category.

A series of regression analyses has been undertaken on the results of the
World Bank analysis shown in Table 6.4 to permit interpolation between the
values indicated for pavement strength, traffic and loading. The results of these
regression analyses have been used to estimate fixed and variable road use
costs resulting from the insertion of the estimated input values for each country.
The results of this process are presented in Annex 6 Table A.6.6. The analysis
has been run separately for inter state roads and intra state roads.

The regression models used for estimating fixed and variable road use cost
values are as follows:

FC = 2,716.7 -SNC(51.7) + AADT(0.54)-3,459.7(ESALY)
Adjusted R"2= 0.88
AADTVC = -414.2 - SNC(39.1) + AADT(2.8) -20,385.9(ESALY)
Adjusted R"2 = 0.83
TOTALVC = 995.3 - SNC(431.4) + AADT(4.46) - 32201.7(ESALY)
Adjusted R*2 = 0.85

where:
FC = Fixed costs
AADTVC = Traffic related variable costs
TOTALVC = Total variable costs
SNC = modified structural number
AADT = average daily traffic
ESALY = equivalent standard axle per lane per year

The loading related variable costs were calculated by subtracting traffic related
variable costs from total variable costs.
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Estimated Annual Road Use Costs

The results of the estimates of average annual road use costs are summarised
in Table 6.5. The detailed results for each country are presented in Annex Table
A.6.6. It is emphasised that given the nature of the data on which they are
based, particularly the pavement strength assumptions, the resulting estimates
must be regarded as indicative rather than definitive.

These estimates understate total road use costs in each country because they
do not include most urban , district and local roads. It is felt that even for the
inter state and intra state road networks these costs should be considered to be
conservative for a number of reasons. In the first place, the present situation
with regard to the comparable light axle loading in TRACECA countries may
change if there is a switch over time to the use of heavier trucks and if vehicle
overloading becomes more common in line with international experience. Both
of these factors would increase pavement damage costs and are likely to be an
increasingly common feature of the road transport sector when sustained
economic recovery starts to take place. Secondly, these road use costs do not
include bridge costs, except in Turkmenistan where they were estimated to
amount to around 9 percent of potential road use costs.

During the course of field visits to the TRACECA countries the engineers in the
respective highway institutions were asked for their estimates of realistic road
costs in the absence of a budget constraint. In most cases these estimates were
significantly higher than the annual road use costs estimated in this study. With
the exception of Kazakhstan, however, local estimates tended to include a
significant amount of heavy reconstruction and new road construction even
though only estimates for maintenance and rehabilitation was requested.
Similarly, the local estimates may have been inflated by the inclusion of non
state roads and by representing backlog maintenance needs rather than long
term average annual requirements.

The situation in Kazakhstan is different. In early 1996, a World Bank mission
assisted by Kazdornii carried out an analysis of the maintenance and
rehabilitation requirements of the paved part of the state road network
comprising 15,881 kilometres using HDM-IIl. The data for the analysis was
supplied by Kazdornii. The results of this analysis indicated that annual
expenditure of US$ 400 million (US$ 25,000 per kilometre) would be required to
achieve a significant overall improvement in the condition of the paved state
road network. A marginal improvement in overall network condition would
require annual expenditure of US$ 200 million (US$ 12,600 per kilometre) and
the expenditure of only US$ 100 million (US$ 6,300) would result in further
deterioration in overall network condition. Our road use cost estimates for
Kazakhstan suggest annual expenditure requirements of US$ 162 million for a
17,496 kilometre network and this suggests that with this level of expenditure
network condition would be more or less static at its present standard. One
possible reason for the differences is that the unit costs used in the World Bank
mission’s analysis were higher than those used in our study which are based on
the unit costs used by the World Bank in its short cut methodology. The World
Bank mission did express some doubts about the reliability of the unit cost and
traffic data on which the HDM-III analyses were based and these uncertainties
may account for the high resulting estimates of expenditure requirements.
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In general, the indicative annual road use cost estimates presented in this study
are unlikely to be overestimates. They do, however, represent a vary substantial
increase over current expenditure levels. The summary presented in Table 6.5
shows that average road expenditure levels in 1995/1996 ranged from 43
percent of annual road use costs in Uzbekistan to only 9 percent in Tadjikistan.
The overall average for the TRACECA countries was 24 percent. Expressed
differently, the current annual short fall in expenditure on the inter state and
intra state roads is of the following orders of magnitude:

. Armenia US$ 23.9 million (US$ 7,600 per kilometre)
o Azerbaijan US$ 49.0 million (US$ 10.450 per kilometre)
. Georgia US$ 27.9 million (US$ 5,600 per kilometre)
. Kazakhstan US$ 135.8 million (US$ 7,800 per kilometre)
. Kyrgyzstan US$ 21.4 million (US$ 6,900 per kilometre)
. Tadjikistan US$ 9.5 million (US$ 5,325 per kilometre)

. Turkmenistan US$ 55.1 million (US$ 7,200 per kilometre)
. Uzbekistan US$ 82.5 million (US$ 3,800 per kilometre)

Without the sharp decline in road traffic which has taken place in most
TRACECA countries in the 1990s the present condition of the main road
networks would have been significantly worse than it is today. Unfortunately
constraints on government budgets have been so severe in most of the
countries that the decline in expenditure on road maintenance and rehabilitation
has been much greater than the decline in network utilisation. A continuation of
present expenditure levels will, therefore, undoubtedly result in accelerating
deterioration in the overall conditions of what in most countries is the nation’s
most important single category of infrastructure asset. Rising road surface
roughness will cause sharp rises in road user costs, as shown in Chapter 3, and
this will impact significantly on the broader structure of costs in the respective
economies.

There is, therefore, an urgent need to focus attention on the problem of how to
finance the required levels of expenditure on the maintenance and rehabilitation
of the road networks. Modern ideas on road user charging policy are particularly
relevant in this context and these and the potential for financing road
expenditure from restructured road user charges are discussed in the next
Chapter.
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TABLE6.5 TRACECA COUNTRIES - ROAD USE COSTS AND CURRENT EXPENDITURE
LEVELS ON ROADS
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ROAD USER CHARGES AND COST RECOVERY

Basic Principles

The present system of financing roads in the TRACECA countries is inadequate
and in the absence of radical reform, the situation seems unlikely to improve. It
would be unwise to expect that ultimately economic recovery will enable
adequate allocations to be made out of general taxation to fully cover the costs
of road use. Even in the richest countries increasing constraints on highway
budgets have become common.

The present problems of road financing in the TRACECA states are by no
means unique to those countries. They have been experienced in equally, if not
more severe forms in the lower income countries of Africa and Latin America.
Attempts by governments and international donors to solve the road financing
problems in these regions in the 1980s and early 1990s led to the emergence of
a number of stark conclusions which stimulated the adoption of more radical
approaches. The starting point was a critical evaluation of two convictions
underlying the traditional approach to road financing. These were:

. Roads are public goods which must necessarily be provided free of
charge by the state because the mobility they provide is thought to be a
citizen’s basic right.

. The best way to provide and maintain roads is through the public
administration.

In this respect roads have differed from other modes of transport, such as
railways, ports and shipping, and from most public utilities, such as gas and
electricity, where payment for use of the facility or service has long been readily
accepted. The special treatment of roads may have been the result of the
difficulty experienced in developing fair and efficient charging mechanisms for
road use. The result was the preferential treatment of road users in comparison
with users of other transport modes. Toll roads and the adoption of road funds
with access to specially earmarked taxes are an exception to traditional public
financing of roads out of general taxation. However, tolling is only practicable in
certain clearly defined circumstances and properly functioning road funds are
the exception rather than the rule.

The traditional provision of roads as a service perceived to be free is often
defended on equity grounds, particularly in the states which are in the process
of transition. However, road users are by no means the poorest members of
society and they are almost certainly being subsidised by poorer members of
society . Failure to charge for road use also means that most road users are
unaware of the total road use costs which their travel is causing. This means
that they make more trips than if they have to pay charges reflecting realistic
road use cost information. They are only aware of their perceived costs of which
the most immediately visible is usually the cost of fuel. When road charges are
set to cover road use costs, road users have a more rational basis for deciding
whether to make the marginal trip. Failure to charge adequately for road use has
two linked and undesirable effects.
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. More trips are made and road utilisation is greater than would otherwise
be the case. This has adverse resource consumption and environmental
impacts.

) The resulting higher traffic levels give rise to higher road maintenance

costs, which place increased pressure on the state budget. These extra
demands on the state budget are the direct consequence of encouraging
road use by charging too little for it.

The approach to highway financing which has gained much wider international
acceptance in recent years is based on the idea that road user charging
systems should be designed to achieve the following objectives:

° to ensure that the revenues required to provide and maintain public
roads is raised from road users, including foreign road users, rather than
from the general tax payer,

) to price the use of public roads so as to improve economic efficiency in
transport by removing price distortions and to charge road users in
accordance with their use of road facilities;

. to promote equity between different categories of road users by
ensuring, for example, that charges on vehicle operators are related to
the road maintenance costs for which they are responsible;

) to establish a link between supply and demand for road infrastructure;

) to increase transparency in the road funding process so that road users
can see what funds are being raised from which categories of users and
for what purpose and

. to provide for fair competition between road and other transport modes
by ensuring that road transport users pay for their use of road
infrastructure.

In short, road user charging policy with the above objectives should be designed
to maximize net economic benefits by setting charges at a level at least equal to
the cost of resources consumed by the use of the road network. These costs,
which are sometimes called short run marginal costs, are of two types. The first
type covers the cost of damage done to road pavements by the passage of
vehicles and include the variable costs of managing and maintaining the
network. The second type comprise the costs imposed by road users on other
road users and others. These include congestion costs and “external” costs
arising, for example, from noise and atmospheric pollution. However, charges
only set to cover short run marginal costs would still result in under funding
because they would not meet the fixed costs of road use which, as we have
seen, are a significant proportion of total road use costs. A road user charging
system designed to achieve full recovery of road use costs will, therefore, need
to comprise two major elements, a charge or group of charges designed to
cover variable or traffic related costs, and additional charges designed to cover
fixed road use costs.

Although congestion and external costs are undoubtedly of potential
significance, they are not yet of great importance in the TRACECA countries
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where there is virtually no congestion on the inter urban road networks and
relatively little congestion even in the major urban centres. The data on which
this study’s analyses are based relate to the inter urban state roads and the
problem of congestion costs in urban centres must be considered to lie outside
the scope of the present work. However, the structure of road user charges
discussed below can readily accommodate charges related to congestion and
external costs should it be decided to include these at a later date.

An Appropriate Structure of Road User Charges

The system of road user charges outlined in this section is designed to cover the
fixed and variable costs of road use in the TRACECA countries. The estimated
fixed and variable road use costs on the interurban state road networks in each
country were presented in Chapter 6. Before describing the different types of
charges and their appropriate levels it is important to be clear about what these
charges mean. The levels at which the recommended road user charges
have been set in this study are based on the assumption that all the
revenues from these charges go into the road system to cover road use
costs. To the extent that the governments wish to obtain a contribution towards
general tax revenue from road user charges, the charges would have to be set
at a correspondingly higher level. In most of the TRACECA countries some part
of existing fuel taxes and other road user charges are used to finance a portion,
however small, of road use costs. The recommended charges should, therefore
be seen as additional to that portion of existing charges which is not used to
cover road use costs.

The recommended structure of road user charges comprises charges designed
to cover variable road use costs and fixed costs by means of a quasi two part
tariff. The variable costs arise from traffic and vehicle loading and the proportion
of costs attributable to each has already been estimated in Chapter 6. The first
part of the two part tariff is based on a fuel levy designed to cover total variable
road use costs. The fuel levy will not on its own be sufficient to ensure that
different categories of vehicles contribute their fair share to road cost recovery.
Heavy vehicles impose much higher loading costs on the road network than light
vehicles and these loading costs have to be reflected in the second part of the
two part tariff.

The fuel levy required to cover variable road use costs is expressed per litre of
automotive fuel. Total variable costs are , therefore, divided by total automotive
fuel consumption in litres to obtain the fuel levy per litre. In this study no
distinction is made between petrol and diesel, but a refinement of the fuel levy to
differentiate between the two would be perfectly practicable given the relevant
breakdown of consumption between the two.The estimated fuel consumption
per vehicle kilometre is based on the analysis of vehicle operating costs
described in Chapter 3 and unit consumption by representative vehicle type is
then multiplied by the estimated annual vehicle kilometres for each category of
vehicles to obtain total fuel consumption on inter urban state roads. This shouid
be less than total automotive fuel consumption to the extent that it excludes
consumption on urban, district and local roads.

The second part of the two part road tariff has to cover fixed costs plus an
amount to ensure that heavy vehicles are making their full contribution to the
variable road use costs for which they are responsible. The application of the
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fuel levy on its own will not be sufficient to cover all the load related costs
imposed by heavy goods vehicles and the adjustment in the second part of the
tariff is intended to make good this shortfall in heavy vehicle contributions. The
second part of the quasi two part tariff usually comprises one or more of the
following types of charges:
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) Vehicle licences

. Weight and distance related charges, especially for foreign goods
vehicles.

Both of these types of charges are in use in the TRACECA countries, but they
are not making an adequate contribution towards cost recovery. Vehicle licence
fees are too low and although the unit transit charges for international vehicles
are not usually too low, the number of exemptions from them rather reduces
their revenue earning potential. In some countries vehicles from C.1.S countries
and from neighbouring countries contributing more than 90 per cent of
international (non C.1.S) vehicle movements are exempt from paying transit
charges as a result of inter-governmental agreements.

Detailed recommendations on road user charges in the second part of the quasi
two part tariff are beyond the scope of this study, partly because the appropriate
information on vehicle registrations is not readily available at the required level
of detail. Vehicle registration data in the TRACECA countries is usually collected
by the traffic police departments of the ministries of the interior, and there is a
tendency to treat this information as confidential. The result is that obtaining the
information can be time consuming and, even when it is made available, it is in
excessively aggregated form. Information on the vehicle fleet is one of the most
basic items of transport planning information and it should be readily available
as a matter of course.

The analysis of appropriate transit charges for international vehicle needs to be
based on a detailed analysis of the movements of international vehicles within
each country so that reliable estimates of international vehicle kilometres and
international equivalent standard axle (ESAL) kilometres by vehicle type can be
calculated. Transit charges on international vehicles should be based on
international ESAL kilometres. Information on axle loads of international vehicles
has been collected, but detailed origin destination survey is beyond the
resources of this study and until this information is also available, there will be
no adequate basis for estimating appropriate international transit charges. There
is also a need to clarify the whole position on exemptions from these charges.
For those TRACECA countries where a very large proportion of international
vehicles are from countries which are exempt from the transit charges, decisions
have to be made about how long the exemptions are to continue. If they are to
be regarded as fixed by international obligations, then it is doubtful if
international transit charges are a potentially useful source of road use cost
recovery.

In this study the recommendations on the appropriate level of vehicle licences
required to cover fixed costs and to ensure that heavy vehicles make an
adequate contribution to cost recovery fees must be regarded as very
approximate. They are also higher than they would be if international transit
charges were taken into account. It is regarded as more important for this study
to show what the appropriate structure of road user charges should be rather
than to attempt to make highly detailed recommendations on the basis of
insufficient information.
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Road User Charges Required for Cost Recovery

A simplified computer spreadsheet model for estimating the components of the
quasi two part tariff needed to cover road use costs has been set up for each
country. The fixed and variable annual road use costs for each country were
estimated in Chapter 6 and these are the starting point for the user charge
analysis. The model is simplified because, as explained above, it does not
distinguish between petrol and diesel in the fuel levy, it does not include
international transit charges, and it does not attempt to make detailed
calculations of vehicle licence fees, but rather to indicate what order of
magnitude they should be. The allocation of variable road use costs between
different categories of vehicles is based on annual vehicle kilometres for the
traffic or vehicle related portion and ESAL kilometres for the axle or loading
related portion. The results of the simplified model for each country are set out
in Annex 7 Table A.7.1 and the method of calculating the individual components
is explained below.

Fuel Levy. The fuel levy is required to cover total annual variable road use costs
and it is calculated by setting the levy per litre at a rate which, when multiplied
by annual automotive fuel consumption in litres, will just cover total variable
costs. In this study total automotive fuel consumption has been derived from the
vehicle operating cost analyses and estimates of annual vehicle kilometres. If
official estimates of total automotive fuel consumption were used, these would
be greater than the study estimates because they should also reflect vehicle
usage on urban, district and local roads. In practice it is not usually possible to
match the fuel levy to total variable road use costs with absolute precision
without going to an impossibly small fraction of a currency unit.

A closer look at variable road use costs shows that heavy vehicles account for a
very high proportion of the axle or load related portion . The axle or load related
part can be calculated for individual vehicle types by dividing total axle related
variable cost by annual ESAL kilometres and mulitiplying the result by the ESAL
per vehicle. When the proceeds of the fuel levy for different vehicle types are
subtracted from the total variable costs attributable to those vehicle types it is
quite common for heavy vehicles to be shown as not covering their fair share of
variable costs. In Table A.7.1 this is indicated by the minus signs against
individual heavy vehicle categories in the “Variable Cost minus Fuel Levy”
columns. This has to be adjusted for in the second half of the quasi two part
tariff, particularly when establishing annual licence fee levels for the heavier
vehicle categories.

Vehicle Licence Fees. The annual fixed costs of road use have to be covered
by a combination of licence fees, international transit charges and, possibly
other charges. In this context it is worth noting that duties on imports of
automotive vehicles and tyres could be included, but the revenues from such
charges are normally incorporated into general tax revenue. In this simplified
model, it is assumed that fixed costs plus or minus any small balance remaining
from fuel levy revenue need to be covered by vehicle licence revenue. The
levels of annual licence fees for the different categories of vehicles have been
arrived at by a process of trial and error. However, the underlying principle is
based on a capacity to pay concept. For buses this means taking account of
passenger carrying capacity and for heavy goods vehicles payload capacity. If
international transit charges were included, the amount to be covered by licence
fees would be correspondingly lower.
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The fuel levies and indicative vehicle licence fees resulting from the analyses in
Annex 7 Table A.7.1 are summarised in Table 7.1 below. It has to be
emphasised that these estimates assume that all the proceeds go towards full
road use cost recovery. If governments were to insist on diverting a portion of
the revenue from these user charges to non road uses, the fuel levies and
indicative licence levels would have to be correspondingly higher to achieve full
cost recovery. Conversely, if some of the revenue required for variable cost
recovery is already obtained from existing fuel taxes, the required increase in
fuel taxes would be equal to the fuel levy minus the portion of existing fuel tax
earmarked for road expenditure. Similarly, if some portion of fixed road use
costs were to be covered by transit charges on international vehicles, the
indicated annual vehicle licence fees could be lower.

A note of caution is also in order with regard to the fuel levies. The estimated
levies per litre have been based on automotive fuel consumption on the inter
urban state road networks. If these levies per litre were to be multiplied by
official estimates of total fuel consumption based on fuel sales and import data
reflecting total road usage, the total revenue would cover variable road use
costs on inter urban roads plus an unspecified portion of variable costs on the
urban, district and local road networks. Alternatively, if total variable costs were
divided by total officially estimated automotive fuel consumption, the fuel levy
per litre would be lower than indicated, but the revenue would only cover
variable costs on inter urban state roads. While the latter alternative may be
politically more attractive, the former is probably the more desirable option
pending the preparation of the necessary estimates of road use costs on the
urban, district and local road networks.
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TABLE 7.1:  INDICATIVE FUEL LEVIES AND ANNUAL VEHICLE LICENCE FEES
REQUIRED FOR FULL COST RECOVERY
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