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Abstract. The article presents the research based on economic feasibility evaluation of model KAMIS developed for pav-
ing* of gravel roads. The model is built for Lithuanian climatic, economic and technological conditions, but it could be
adopted in other regions, especially regions with “freezing and thawing climates”. After 8 years of model application for
appraisal of Lithuanian Gravel Roads Paving Programme it was estimated that consequences after the presented Lithuanian
Gravel Roads Conditions Research and KAMIS model application have accumulated 1,09 billion LTL (316 million €) gain
for Lithuanian society. Conclusions and findings of the Analysis of Lithuanian Gravel Roads Paving Programme implemen-
tation from 1998 to 2005 are presented at the end of the article.
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1. Introduction

Lithuanian Gravel Roads Paving Programme was
started in 1998 and is still continued. This article describes
the extensive scientific basis of the Programme why it ena-
bled the society of Lithuania to a Net Present Value (NPV)
gain of 1,09 billion LTL (316 million €) by investing
758 million LTL (220 million €) and paving 1632 km of
state gravel roads within 8 years and decreasing the share
of gravel roads in the state road network from 49,2 % to
40,1 % with an average Internal Rate of Return (IRR) of
23 %.

The Programme was based on the extensive Research
of Conditions of Lithuanian Gravel Roads and later build-
ing of a Gravel Road Paving Economic Feasibility Evalua-
tion Mathematical Model KAMIS (Kelių Asfaltavimo
ModelIS) designed for Lithuanian climatic, geomor-
phologic and engineering conditions. The model was pre-
sented and defended in 1998 in Skirmantas Skrinskas Doc-
toral thesis “Research of the Condition of Lithuanian Gravel
Roads and Feasibility of their Renovation” in Vilnius
Gediminas Technical University [1].

In the same year, based on economic calculations ena-
bled by KAMIS model, the first international funding was
given to the Lithuanian Gravel Roads Paving Programme
initiated by Lithuanian Road Administration and the World
Bank. Transport and Road Research Institute scientists par-
ticipation in an initial research and continuous application
of KAMIS model as well as strong cooperation in the analy-
sis of the Programme implementation in 1998–2005 and
up to 2008 seriously strengthens the presented research find-
ings.

The range of condition of state gravel roads was and
still is extremely wide. Pavement width varies from 4 to
12 m, gravel pavement thickness from 0 to 80 cm, the aver-
age yearly road roughness from 5 to 14 m/km IRI. These
roads are situated in a wide range of geomorphologic and
hydro-geologic conditions and are affected by different
vehicle flows ranging from 40 to more than 1000 vehicle
per day (vpd) of an Average Annual Daily Traffic (AADT).

Before the start of the described research Lithuanian
economy was shifting from the planned to market economy
and resulted in the decrease of the country’s economic ca-
pacity and ten-fold cuttings of budgetary allocations for the

* Paving within the article is assumed and applied as paving of former gravel paved road with a new asphaltic or asphalt concrete
pavement.
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gravel road repairs and maintenance. Investments into gravel
roads were as well lagging, because of the lack of research
on gravel roads data and because of the absence of locally
applicable economic evaluation models. The importance
and need of the system for management of maintenance
and paving of gravel roads based on market economy crite-
ria were obvious [2].

2. Initial research and KAMIS model

The research objective was a scientific substantiation
of common threshold values for paving gravel roads. The
substantiation was done by building a mathematical model
for evaluating the economic feasibility of paving gravel
roads under current Lithuanian economic and climatic con-
ditions.

In gaining the research objective, the following tasks
were solved:

• the world’s most famous gravel road condition
evaluation and paving economic appraisal sys-
tems and models were analysed,

• according to a specially designed methodology,
a detailed research and analysis of condition of
gravel roads in Lithuania were performed (gravel
pavement roughness was proven to be the most
important road condition criterion),

• the most common and reliable under local cli-
matic conditions asphalt pavement structures
were analysed and compared with similar foreign
practices,

• locally applicable gravel road paving economic
feasibility evaluation mathematical model
KAMIS was built for joint economic analysis of
road paving and paved road maintenance ex-
penses, gravel road maintenance, road users and
environmental cost savings,

• the model was tested and introduced to the bod-
ies of Lithuanian Road Administration [2].

2.1. Initial research scope, methodologies and findings

Theoretic, experimental, road engineering and eco-
nomic research planning and implementation stages were
related to different scopes and were structured on different
methodological grounds. Major research fields are shortly
presented separately.

2.1.1. Theoretic research

The TRRL (UK) research in Africa, GEIPOT and
World Bank studies in Brazil and the data from South Afri-
can SURF model were compared on the basis of pavement
roughness related matters.

In total more than 100 publications in English, Rus-
sian, Lithuanian, Finnish and Faeroes on the subjects of
gravel roads and their renovation were analysed or reviewed.

2.1.2. Experimental research

Research methodology covered the principles of the
selection of gravel road test regions and sections. It was
foreseen that experimental research results should be of an
adequate accuracy to solve the research tasks. It was also
planned that the research should cover the best and the worst
road maintenance conditions, different (but prevailing in
the country) geo-morphologic areas, different (but prevail-
ing) quality and genesis of local gravel material, but should
be executed in the major climatic regions with an average
rainfall, and should represent the country’s data averages.
The country’s third best (Ukmergė) and the second worst
(Kaišiadorys) maintenance districts met the all stated re-
quirements. In each of the districts five 3,0–3,3 km length
test sections in the best, the worst, one with the most inten-
sive traffic, average reconstructed and average
unreconstructed gravel road sections were selected. Five
additional 2,55–5,0 km gravel road sections in Kaišiadorys,
Ukmergė and Kelmė districts were included for the cali-
bration of a roughness measuring device, former regular
traffic counting places and measurements of roughness in-
crease after blading.

The length of the test sections – approx 3 km – more
than 10 times exceeds the practice from other similar (of
primary roughness) surveys, but gave less bias and more
accurate results.

Experimental research included traffic surveys, gravel
road condition research, and road roughness measurements.

Traffic surveys were executed in order to identify the
actual traffic volumes on Lithuanian gravel roads and to
measure the traffic flow composition in order to use the
research data for estimating the vehicle operating costs
(VOC). Surveys were organised in 1994–1995 and com-
prised two stages: traffic counts on the test sections and
traffic surveys on the pre-selected as with the most inten-
sive traffic gravel roads in the 39 of 44 Lithuanian districts.
Traffic surveys on 15 test sections were done according to
the recommendations of Finnish National Road Adminis-
tration (128 h/year). Traffic surveys on other 225 gravel
road sections (88 of them led through settlements) were
organised according to the methodology developed by
“Transport and Road Research Institute” (6 h/year). Both
traffic surveys totalled 555 counts and lasted 3149 hours
(or 151 day and 5 hours).

Research results showed that AADT on gravel roads
in 1994–1995 ranged from 40 to 1080 vpd. The highest traf-
fic on gravel roads in settlements reached 850 vpd. AADT
in Kaišiadorys district gravel roads was 261 vpd, in
Ukmergė district 158 vpd.

Gravel road condition research was aimed at an inves-
tigation of an actual condition of state gravel roads and to
compare findings with the requirements of design stand-
ards and regulations. Gravel road technical condition di-
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rectly affects expenses required for road paving. Condition
research consisted of road width and gravel pavement thick-
ness measurements, pavement gravel mixture composition
(including percentage of clay, dust and silt) research, em-
bankment and drainage system inspection and measure-
ments of the stopping sight distance. Total of 129 sets of
technical condition evaluation tests were executed on the
chosen gravel road sections.

Condition’s research results showed that 60 % of gravel
roads met the technical requirements of design standards.
These results also proved that in 19,7 % of the length of
gravel roads additional works for extending the sight dis-
tance in case of paving would be required. It was estimated
that 48,2 % of Lithuanian gravel roads could be paved with-
out their reconstruction, and required changes in a base
course mixture composition could be made with a help of a
specially designed aggregate mixture composition of a lev-
elling course.

Road roughness measurements had 4 major tasks:
1) to get exact figures on longitudinal pavement roughness
according to the International Roughness Index (IRI) scale;
2) to analyse, if roughness reflects other gravel road condi-
tion parameters; 3) to estimate the curve of roughness pro-
gression after blading in order to make recommendations
for simplified roughness measurements; 4) to get accurate
data for further economic analysis.

The first task comprised two stages – roughness meas-
urements on the selected gravel road sections using Rus-
sian made towed bump integrator PKRS-2u and research
on the relationship between the PKRS-2u and IRI meas-
urement scales. The first stage totalled 312 roughness meas-
urements (both directions each time) before and after
blading, on which 922,2 km of gravel roads were metered
from March to October, 1994. During the second stage, in

1995, 420 roughness measurements (252 of which on gravel
roads) were done on 126 km of gravel (75,6 km) and paved
roads. TRRL designed MERLIN device was used as a ref-
erence to IRI scale [2].

Research on the relationship between the PKRS-2u
and IRI measurement scales resulted in few equations. Re-
lationship between PKRS-2u and IRI scales for gravel roads;
relationship between PKRS-2u and IRI scales for asphalt
roads as well as a curve of roughness progression after
blading  were estimated based on roughness research [1, 3].

Final roughness and other main results of gravel road
condition research are presented in Table 1 [1, 2, 4].

Results presented in the Table proved that roughness
reflects other gravel road condition parameters and could
be used as a major gravel and paved road condition evalu-
ation criteria. Based on roughness valuation according to
the World Bank requirements, it was estimated that 42 %
of state gravel roads were in good condition, 40 % satisfac-
tory and 18 % poor. In comparison with other world re-
gions, gravel roads conditions in Lithuania in general were
better.

Results, presented in the experimental research, led to
the conclusion that the situation of a wide range of gravel
road condition required developing of a simple gravel road
management system. AADT values increase justified the
importance of creation of a model for evaluating an eco-
nomic feasibility of paving of gravel roads.

2.1.3. Road engineering research

Before building a final economic evaluation model,
several basic engineering decisions were made. The deci-
sions were associated with the selection asphalt pavement
structures, gravel and paved road maintenance policies and
with their economic valuation. Based on the inventory of

Table 1. Results of the major parameters of Lithuanian gravel roads condition research

1 Completely deteriorated gravel pavement was found in two spots of two different test sections of Kaišiadorys district.
2 Estimation based on results from all test sections.
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the practices of paving gravel roads in Lithuania and expe-
rience of other similar climate countries (e g Russia, Fin-
land and the State of Minnesota, USA), three the most com-
mon in Lithuania types of asphalt pavement structures were
selected for estimating pavement construction costs. Type
No 1–7 meters width, 6 cm thickness asphalt concrete
0/16-V

n
 base course with a 12 cm thickness crushed dolo-

mite subbase and a minimum of 8 cm thickness levelling
course of enriched gravel. Economic construction cost of
this type of pavement under 1996 price level was 288,3
thousand Litas (83,5 thousand €) per kilometer and aver-
age yearly roughness was 3,5 m/km IRI. Type No 2: 6 me-
ter width base course of double surface dressing with
crushed dolomite, 12 cm thickness subbase of gravel stabi-
lised with cement and emulsion and a minimum of 8 cm
thickness levelling course of enriched gravel. Economic
construction cost of this type of pavement under 1996 price
level was 143,4 thousand Litas (41,5 thousand €) per km
and average yearly roughness was 5,5 m/km IRI. Type
No 3: 6 m width, 4 cm thickness asphalt concrete 0/11-V
base course, 12 cm thickness subbase of gravel stabilised
with cement and emulsion and a minimum of 8 cm thick-
ness levelling course of enriched gravel. Economic con-
struction cost of this type of pavement under 1996 price
level was 238,6 thousand Litas (69,1 thousand €) per km
and average yearly roughness was 3,5 m/km IRI. Pavement
types were based on real projects of laying asphalt pave-
ments on existing gravel roads. The assumption was made
that analysed gravel roads should meet the requirements of
design standards and no reconstruction is required.

Paved road maintenance expenses were estimated as
an average of Ukmergė, Kaišiadorys and Kelmė districts
expenses for maintenance of paved regional roads. Based
on survey of maintenance expenses, the assumption was
made that paved road routine maintenance does not depend
on traffic volume and equals the economic cost of 2,2 thou-
sand Litas (637 €) per km per year under 1996 price level.
Time periods between repairs and repair costs were taken
from Standard requirements and price catalogues. Because
there was no local data on the repair periods of the second
and third asphalt pavement structure types, the required data
were taken from the countries with similar climatic condi-
tions (Finland and the State of Minnesota, USA), where
such pavement types were applied  earlier.

Savings in gravel road maintenance expenses were
estimated as an average of Ukmergė, Kaišiadorys and Kelmė
districts expenses for maintenance of regional gravel roads.
Based on survey of maintenance expenses, the assumption
was made that starting from AADT of 200 vpd gravel road
routine maintenance expenses (1,1 thousand litas (319 €)
km/year) increasing one fourth for each 100 vpd and equals
the paved road routine maintenance expenses at AADT of
600 vpd. Additional expenses for blading allow to keep the
average pavement roughness throughout all blading sea-

son (approx 8–9 months). Time periods between repairs
were used according to Standard requirements and existing
practice. Repair costs were estimated according to local
price catalogues.

2.1.4. Economic research

Economic research instead of financial or any other
kind was obviously chosen because it concerned public costs
and benefits appraisal.

Economic research comprised of two parts: 1) analy-
sis and approval of the most appropriate economic feasi-
bility evaluation methods and criteria, 2) selection of road
investment appraisal components.

Research of economic feasibility evaluation methods
and criteria concluded that under limited budget conditions
the IRR should be selected as the most important criteria
for the decision making on paving of gravel roads. The sec-
ondary recommended criteria were: NPV and Construction
Cost. A 20-year road investment appraisal period, discount
rate of 10 % and annual AADT increase in 7 % were ac-
cepted for the model calculations.

Substantiation of road investment appraisal compo-
nents was based on their importance and current scientific
reliability of monetary valuation possibilities. It was con-
cluded that 6 components are to be included into the Lithua-
nian model for economic evaluation of the feasibility of
paving gravel roads. Two of the components were repre-
senting key costs and the rest four – major benefit compo-
nents. These were:

• pavement construction costs,
• paved road maintenance expenses,
• savings in gravel road maintenance expenses,
• savings in VOC,
• savings in journey time,
• benefits from minimisation of dust and other en-

vironmental pollution.
The first 3 components were explained under the Road

Engineering Research paragraph. The last 3 components
are closely related to transport economy. They are shortly
presented below.

Savings in VOC were calculated by the VOC Sub
model Version 4.0 of the World Bank Highway Design and
Maintenance Standards Model HDM-III, with an input of
the required data on local vehicle fleet, measured road and
traffic parameters. Savings were computed as a difference
between VOC on existing gravel road sections versus VOC
on more even paved roads. It was assumed that traffic flow
and the composition of different vehicle types do not change
after paving.

Savings in journey time were estimated using the
curves of relationship between travel speed and road rough-
ness on gravel and earth roads presented in the World Bank
HDM-III model and locally accepted relationships between
vehicle speeds (or allowed speeds) and roughness on paved
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roads. The difference of speed on the same gravel and paved
road sections resulted in a certain amount of time savings,
which were expressed in monetary terms. Data required
for estimating journey time savings consisted of AADT,
traffic flow composition, vehicle occupancy rates and data
on working and non-working time for occupants of differ-
ent vehicle types. It was assumed that the traffic flow com-
position as well as vehicle occupancy rates should be the
same before and after paving a gravel road.

Benefits from minimisation of dust and other envi-
ronmental pollution were estimated using programme
EKOL. The programme assessed impacts of negative trans-
port-generated pollution on human health, industry, public
utilities and plantings in money terms. The following pol-
lution components were assessed: noise, CO, NO, C

x
H

y
,

SO
2
, Pb, B(a)p, inorganic compounds and solid particles.

Programme output depended on AADT, traffic flow com-
position and the type of roadside surroundings. The type of
an average for Lithuania gravel road surroundings reflected
the research on roadside surroundings data collected in test
regions. The average Lithuanian roadside surroundings,
AADT equal to 300 vpd and a gradient equal to 0 % were
used for model calculations. Based on the data of research
and publications done by British, Finnish and Lithuanian
scientists, it was assumed that the sum of losses generated
by more frequent vehicle speed changes under rough gravel
road conditions, a more rapid deterioration of vehicle parts
and losses generated by dust impact, on gravel roads were
1,2 time bigger than that on paved roads with the same
AADT and traffic flow composition.

2.2. KAMIS model and structure

The essence of the model was relatively simple. Six
interacting cost and savings sub-models were added together
over a 20-year period in discounted present values with unit
costs determined at 1996 prices.

Creation of the mathematical model for evaluating an
economic feasibility of paving gravel roads was founded
on the principles of reliability, simplicity and applicability.

Main model parts are 6 major data sets, 6 sub-models
representing 2 cost and 4 savings components and the stage
of cost/benefit analysis (Fig 1). 6 major data sets comprise
a total of 15 minor data sets, which total 79 data set ele-
ments (excluding HDM and E Data Set elements). Initial
model computations were based on running the model with
an application of the 3 different values to the 3 data set
elements – AADT of a gravel road to be paved, gravel road
roughness and asphalt pavement type to be applied. These
elements were called independent variables. The values of
these variables:

• AADT of a gravel road to be paved: 200 vpd,
500 vpd, 800 vpd;

• gravel road roughness: 5 m/km IRI, 8 m/km IRI,
11 m/km IRI;

Fig 1. Scheme of KAMIS model computations algorithm under
the limited budget conditions [1]:

T – paving timing and economic valuations criteria data set;
M – measurement data set; HDM – HDM data set; DB – unchange-
able data bank; E – evaluation of environmental issues data set;
RA – model application restriction area data set; CBA – cost/ben-
efit analysis; IRR – internal rate of return; 1 – cost sub-model for
determination of pavement construction cost; 2 – cost sub-model
for estimation of paved road maintenance expenses; 3 – benefit
sub-model for estimation of gravel road maintenance expenses;
4 – benefit sub-model for computation of VOC savings; 5 – ben-
efit sub-model for determining journey time savings; 6 – benefit
sub-model for computation of benefits from minimisation of dust
and other environmental pollution

• asphalt pavement structure types: type No 1 (ave-
rage yearly roughness – 3,5 m/km IRI), type No 2
(5,5 m/km IRI), type No 3 (3,5 m/km IRI).

Independent variables influenced dependent variables
which were functionally connected with the first five sub-
models and were used for estimating data for input into the
cost/benefit analysis stage of KAMIS model. In initial mo-
del computations a main seekable the IRR maximum value.
KAMIS – the name of the model is coming from the Lithua-
nian abbreviation Kelių Asfaltavimo Modelis (the closest
meaning in English would be – Road paving model). As
well first letter K represents the location where model was
built – Kaunas (location of TRRI) and the last letter S is the
first letter of the name of the author – Skirmantas Skrinskas.
KAMIS scheme is presented in Fig 1.

2.3. KAMIS model testing results

The model estimated and compared renovation ex-
penses and savings based on road technical condition, road
pavement roughness and traffic parameters. In comparison
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with other well-known models or systems, currently used
for appraisal of paving of gravel roads, KAMIS model
evaluates a wider range of cost and benefit components in-
cluded (first of such kind of models in the world included
environmental improvement assessment) and first which
was applicable under “freezing climate” conditions.

Running of the model allowed:
• to evaluate the economic feasibility of paving

gravel roads, meeting the requirements of design
standards, from the road maintenance, road users
and environmental point of view,

• to define the threshold value between those gravel
roads where paving is feasible and those where
asphalt pavement is not justified,

• to monitor operating costs of different vehicles
and the time losses of their passengers in various
road sections or routes.

The IRR was grounded to be the most important crite-
ria for the decision-making on paving gravel roads under
the limited budget conditions. Secondary recommended
criteria were: NPV, construction cost and cost/ benefit
ratio.

KAMIS model was implemented and was used in sev-
eral organisations of Lithuanian Road Administration (LRA,
Regional Road Administrations and State Enterprise “Trans-
port and Road Research Institute”) since 1997. Good model
testing results supported its international presentation to
scientific society in 1998 under the PhD Thesis framework
of VGTU. The creation of the model had an impact on de-
veloping the state strategy of paving gravel roads in Lithua-
nia and served as a basis for its economic justification [2].

Easy model application enabled Lithuanian Road Ad-

ministration with assistance of TRRI to select the most fea-
sible for paving gravel road sections and in cooperation
with the World Bank still the same year to find financial
donors (European Investment Bank). Still the same year
public tender was announced and Lithuanian gravel roads
paving programme for years 1998–2000 was started.

3. Lithuanian gravel road paving programme
implementation

Eight full years of continuous gravel road paving has
already passed since 1998 and another three year Program-
me from 2006 to 2008 is on the way. This article has no aim
in analysis of engineering data input, but stresses on analy-
sis of a Programme economic consequences. Summary of
a few key evaluation criteria is presented in Table 2.

Changes of KAMIS output results were related not
only to the decrease of the traffic flow on gravel roads for
the reason that the most intensive ones were already paved.
Deeper look in how the model cost and benefit components
changed during the program implementation period ena-
bles to estimate the difference between theoretic and real
selected key economic valuation criteria – NPV and IRR.

4. Analysis of the change of variable values which
effected NPV and IRR in the period of 1998–2006

This section describes main changes of situation on
Lithuanian gravel roads since 1997. KAMIS input data for
programme calculations of 1998 was based on the fixed
1997 year costs. Some data was collected even earlier. Those
were the reasons why the presented comparisons are made
with the base year of 1997 figures.

Table 2. Change of a few representative Lithuanian gravel roads paving programme input data and outcoming results estimated by
KAMIS during the programme implementation stages in 1998–2008
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Changes of traffic volume on Lithuanian state roads
in 1997–2005 are presented in Fig 2.

The road traffic volume on regional roads in 2005 in-
creased by 32 % compared to 1997, but Russian economic
crisis  has resulted in overestimation of an accepted 7 %
yearly growth of traffic flow and NPV and IRR correspond-
ingly.

Changes of average traffic composition on gravel roads
are presented in Table 3.

The table shows that during one decade the traffic com-
position changed dramatically: the share of light traffic (cars,
minibuses and light trucks) increased from 65 % to 85 %,
while the share of heavy traffic decreased from 35 % to
15 %. At present the traffic composition on Lithuanian ru-
ral roads is similar to that of West European countries. The
decrease of share of heavy traffic led to not so fast deterio-
ration of gravel roads. As well it corresponded to the de-
crease of real versus theoretic Programme NPV and IRR. It
also should be stressed that traffic data was the only factor
having minimisation effect for theoretically estimated  NPV
and IRR results.

Other factors described below had a long term
maximisation effects.

On the basis of model assumption average asphalt
pavement roughness during the analysis period should cor-
respond to 3,5 m/km, IRI. Nevertheless, the measurements
in most cases show that roughness is less in comparison to
the limits indicated. An average roughness of paved gravel
roads in Lithuania makes 1,78 m/km, IRI. According to the
construction recommendations, roughness of paved regional
roads should be < 2,5 m/km. (The same figure – 2,5 m/km,
IRI – was initially used as starting digit of a typical paved
roughness regression curve applied in KAMIS). Instead of
a average paved road roughness of 3,5 m/km, IRI (used at
> 90 % of all km paved) 2,0 m/km average paved road
roughness is to be applied instead and the theoretic and
factual paved road roughness result was re-estimated.

Construction cost is the other key influencing variable

after traffic flow parameters and pavement roughness. Con-
struction cost start the analysis variation of all cost and ben-
efit components.

The pavement structure and technology remained the
same during 1997–2006. Type No 1 was the most common.
The average paving costs of 1 km gravel road are presented
in Table 4.

The average increase in construction costs comparing
2005 to 1997 was about 50 %. The growth in 2006 resulted
to 12 %. The forecast of construction costs growth in 2008
comparing to 2006 is 10–12 % due to materials, labour as
well as additional reconstruction and land purchase costs.

After 8 years from the beginning of the gravel road
paving programme it is possible to analyse and systematise
the variation of accident rate. After road paving driving
conditions became better, the probability of accidents
due to mean visibility in dust decreases as well as road

Fig 2. Changes of traffic volume on Lithuanian state roads

Table 3. Changes of traffic composition in 1995–2005

epytelciheV
latotehtnierahS
%,5991raey,ciffart

latotehtnierahS
%,5002raey,ciffart

raC 25 47

subiniM 5 6

suB 3 1

skcurtelxa-2thgiL 8 5

elxa-2muideM
skcurt

62 7

skcurtelxa-2yvaeH 3 4

skcurtelxa-3 2 2

skcurtelxa-5dna-4 1 1

Table 4. Changes of construction costs
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transport driving speed. One of the main reasons of car ac-
cidents is exceeding the speed permitted. It is offered to
analyse the difference of accident rate in paved regional
roads, determine reasons of accidents and possible losses
as well as to determine appropriate means for improving
traffic safety and to include it in construction costs.

The average maintenance costs of 1 km gravel and
paved road are presented in Table 5.

Here we see rather small increase of maintenance
costs – by 17–20 % and big increase in repair costs – by
80 % and more. Small increase of maintenance costs is par-
tially related to a lesser deterioration of roads comparing to
previous years as well as decreased  share of heavy traffic,
which causes major damages. The forecast of maintenance
costs growth during 2006–2008 is 4–5 % per year and is
related to labour and material costs growth.

The average VOC for 1000 veh km of typical traffic
composition for years 1997, 2005 and 2006 are presented
in Table 6.

The Table 6 shows that during 1997–2006 the value
of VOC increased by about 2 times. Changes of time value
costs for vehicle hour of typical traffic composition are pre-
sented in Table 7.

The increase of time value by 67 % is mostly related
to the growth of salaries and bus tickets prices. The small
share of increase is related to the change of calculation
methodology – the cost of cargo time is included into time
value costs for year 2005 and later.

Changes of benefits from reducing the environmental
pollution after paving for 1 km/year of road are presented
in Table 8 (for AADT 200 vpd).

The comparison of costs and benefits growths shows
that construction and maintenance costs during 1997–2006
increased not so much comparing to the benefits costs
growth. The growth of costs and benefits is presented in
Table 9.

Of course, general cost and benefit components value
change does not directly effect NPV and IRR. It depends
on the value weight in CBA. Taking into account that until
2005 environmental saving rarely exceeded 2 % of all gains
and both paved and gravel road maintenance expenses were
adequate to each other both in the value growth and weight,
it is estimated that the volume of benefit components were
growing by 21 % more than costs components. This growth
was as well higher that the planned discount factor accu-
mulation by nearly 40 % and even more than the real cu-
mulative inflation – 78 %. The increase of real benefit com-
ponent values versus theoretic ones could be understated in
comparison with real and theoretic NPV and IRR. The cal-
culation of 100 % correct results is to be done after getting
final data for the whole analysis period. That would be clear
only in about 20–21 year after paving last gravel road
planned in the Programme. The longest and correspond-
ingly the most reliable and justifiable analysis period has

Table 5. Changes of maintenance costs
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Table 7. Changes of journey time value costs
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Table 8. Changes of benefits from reducing of environmental
pollution after paving

1 The changes to sub-model EKOL were applied. Since 2006 benefits from
minimisation of dust and other environmental pollution includes not only
the influence on human health and plantings but also the costs of real
estate.
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Table 9. Comparison of costs increase in 1997–2006
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the first stage of the implementation of the Lithuanian
Gravel Roads Paving Programme for years 1998–2000.
Estimation results are presented in Table 10.

After the assumption that gravel road roughness is sta-
ble and equal to 11 m/km, IRI, we come to the conclusion
that the growth of Lithuanian economy and increase of liv-
ing standards resulted in an economically based decrease
of AADT required to pave gravel  road section.

The changes presented above led to the situation that
sections profitable to pave had less and less traffic. The
AADT of typical section when paving is profitable (i e IRR
> 10 %) at an average gravel road roughness of 11m/km,
IRI is presented in Table 11.

The increase is double in non-residential area and three-
fold in residential environment. It represents a shift from
the budget restricted society into a quality valuating so-
ciety.

5. Conclusions

1. During the implementation of Lithuanian Gravel
Road Paving Programme during the period 1998–2005,
1631,6 km of gravel roads were paved. 758 million LTL
(219,5 million €) were used for the Programme investments.
35 % of invested funds was state funding and 65 % of in-
vestments came from foreign investors. The KAMIS model
was used in preparation of investment projects and proved
to be effective tool for justification of gravel roads paving.

2. The total Programme implementation NPV deter-
mined by KAMIS from 1998 up to the end of 2005 accu-
mulated 908 million LTL (263 million €).

3. The decrease of AADT on gravel roads to be paved
led to the decrease of NPV: average theoretical NPV of
paving of 1 kilometre of gravel road in the Programme of
1998 amounted to 670 thousand Litas, in the period from
1999 to 2000 amounted to 570 thousand Litas, in the pe-
riod from 2001 to 2004 average NPV decreased to 500 thou-
sand Litas; in 2005–2006 programme it was 490 thousand
Litas. In the 2007–2008 Programme NPV has dropped to
290 thousand Litas. In the period from 1998 to 2008 aver-
age theoretic NPV per kilometre of paving of gravel road
has dropped by 2,3 times (or on average 20 % per year).

4.It was found that theoretically calculated NPV is not
equal to the real NP value, because of the fast changes in
the cost and benefit components as well lower than the fore-
casted traffic flow, better than initially assumed paved road

Table 10. Comparison of theoretic and real NPV and IRR results calculated correspondingly in 1997–1998 and in 2006
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Table 11. Changes of required AADT for gravel road paving
using model KAMIS
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roughness, less than forecasted state inflation, additional
probable benefits arising from paving.

5. Based on KAMIS model theoretic NPV calculations
and data collected during the Programme implementation,
it is proven that real NPV is considerably higher than that
of a theoretic one.

Influences limiting real NPV result in 8 years of the
Programme implementation were:

• on average 17 % less AADT volumes growth than
forecasted,

• triple decrease of light and medium 2-axle trucks
in the traffic flow in regional roads.

Influences increasing real NPV result in 8 years of the
Programme implementation were:

• 29 % better average paved road roughness than
it was assumed in the applied in KAMIS rough-
ness progression model,

• 21 % higher growth of major benefit components
versus key cost component; and longer time of
exposure of increased benefit components,

• 19 % less accumulated interest rate in compari-
son with the used discount factor.

6. The calculation results show that factual current
CBA estimations comparing to theoretic ones for the Lithua-
nian Gravel Roads Paving Programme for years 1998–2000
are as follows: NPV by 17 % higher than the theoretic one,
IRR by 8 % higher.

7. The growth of Lithuanian economy and increase of
living standards resulted in an economically based decrease
of AADT required to pave gravel road section. The required
minimal AADT dropped from AADT 300 vpd to 150 vpd
for non-residential area, and from 240 vpd to 80 vpd for
residential area in 1997 and 2006 correspondingly.

8. KAMIS paradox states that the greater accuracy and
the range of costs and benefits components in feasible in-
vestment projects, the higher values CBA gives  for both
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theoretic and factual NPV, IRR and B/C ratio results. The
numerical growth of figures can be somewhat steady or
explosive, depending on the latest proven and monetary
valuable findings which could be included into the model.
As it happened in KAMIS in 2005 with an inclusion of
cargo time value and extra accountable environmental/real
estate benefits in 2006.

9. Fast cost and benefit components growth shows that
in fast growing economies traditional CBA calculation
scheme gives a programmed bias. The bias comes from the
proven fact that both costs and benefits, as well as state
GDP grow faster than inflation (or planned discount fac-
tor). Further research is needed for findings to be applied
in KAMIS or elsewhere.

10. General authors’ forecast after weighing all esti-
mated changes and today’s trends is to apply a 20 % in-
crease factor for calculating a real NPV of Lithuanian Gravel
Roads Paving Programme. It means that expected real NPV
of projects implemented in 1998–2005 is 1,09 billion LTL
(316 million ).

11. Nevertheless, the authors want to state that despite
the continuous economic growth a certain share of gravel
roads in the state road network should obligatory be kept.
Because it is a part of the country’s history and heritage.
Situated on an edge of the last glacier Lithuania is rich in
gravel resources and a bit dusty gravel road is a usual part
of our traditional landscape and folklore. Most picturesque
low volume gravel road sections and “ringroads” have as
well to be selected and protected at an early stage of Lithua-
nian Gravel Roads Paving Programme.
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