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Abstract. This summary of the author’s PhD thesis supervised by Prof Dr Alfredas Laurinavi¢ius and defended on 16
December 2009 at the Vilnius Gediminas Technical University. The thesis is written in Lithuanian and is available from
the author upon request. Chapter 1 gives the analysis of researches carried out by the scientists — developers of the science
of climatology related to climate and its change and climatic regioning. The climate of Lithuania is described and the effect of
climatic factors on road construction. Chapter 2 presents the analysis of climatic regioning methods, studies the climatic factors
having the largest effect on road design, construction, repair and maintenance. Chapter 3 makes the analysis, evaluation and
comparison of multi-year data of the Lithuanian Hydrometeorological Service (1961-1990) and the Road Weather Informa-
tion System (1999-2008). Chapter 4 presents examples of the subject maps made of the basis of RWIS data which is useful and
informative for the users, especially for the road organizations and services. The regioning possibilities are evaluated from the

point of view of road construction.
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State of the problem

Lithuania is one of those countries which experience a
large influence of climatic conditions on road design,
construction, repair and maintenance. Besides vehicle-
generated loads, motor roads are continuously affected
by a large number of climatic factors. Weather conditions,
such as sudden wind, snow, snowstorm with glazed frost,
summer and winter differences in the air temperature do
not only change condition of the road pavements but also
make a negative effect on vehicle performance and the
driver’s behaviour. In Lithuania 3-4 months per year the
air temperature keeps below 0 °C, at longest in the Eastern
Lithuania, at shortest — on the coast. Already in the second
half of November on the average the first snow cover is
formed, lasting until the mid March. In winter Lithuania
faces frequent thaws, the daily temperature varies around
zero; there is a large probability of freezing rain, glazed
frost and fog. Despite a large whether variation the cer-
tain regularities are still observed characteristic to a par-
ticular region. The most general features of the climate of
Lithuania are determined by geographical latitude, so-
lar radiation, atmospheric circulation and interaction of
these factors with the terrene. From local factors, forming
the climate of Lithuania, the most important is the dis-

tribution of continents, the ocean and the seas (Bukantis,
Bartkeviciené 2005).

According to the regularities of hydro-thermal re-
gime the whole territory of the Eastern Europe is divided
into 5 road climate zones. Lithuania belongs to the 2™ cli-
matic road zone. However, when designing, constructing
or maintaining roads one should take into consideration
not only the average climatic indices for the whole Lithua-
nia but also to thoroughly analyze data provided by the
meteorological stations, located in the closest proximity
to the road, and the road weather information systems.
Based on the most characteristic weather conditions the
territory of Lithuania is divided into regions and sub-re-
gions, however, this climatic zoning is more geographi-
cal. The regions are not interrelated by one or another cli-
matic index, therefore, the efforts to divide the territory
of Lithuania by the climatic factors is a necessity from the
point of view of road specialists.

Climatic forecast, or in other words - forecast of
weather conditions, is very important information for
road organizations, road maintenance enterprises and
road users.

For road construction the most important climatic
indices are: air temperature and a number of its transi-
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tions over 0 °C, depth of frozen ground, amount and vol-
ume of precipitation, a number and duration of storms,
data about freezing rain.

This scientific work is directly related to the climatic
indices recorded by the Lithuanian Hydro meteorological
Service (LHS) and the Road Weather Information System
(RWIS).

Taking into consideration all the climate peculiarities
the problem of the work is to identify:

— if the climatic differences in the territory of Lithua-
nia make any effect on the road construction, repair
and maintenance works;

—if the currently validated one climate zone is
enough for Lithuania.

To determine the distribution of climatic factors
within the territory of Lithuania and to suggest its zoning
from the point of view of road design, construction and
maintenance, when these questions are answered.

Research object - climatic factors having the effect
on road construction. Experimental object - parameters
recorded by RWIS (1999-2008) and LHS (1961-1990).

Aim and tasks of the work - to make a climatic zon-
ing of the territory of the Republic of Lithuania from the
point of view of road construction. The following tasks
must be solved to achieve the aim of this work:

1) to analyze and evaluate the foreign practice in ter-
ritorial zoning from the point of view of road con-
struction;

2) to carry out analysis and comparison of data param-
eters recorded by the Lithuanian Hydro meteoro-
logical Service and the RWIS;

3) to determine max and min depth of frozen ground
and the temperature of air and road pavement sur-
face;

4) to form the regions (maps) of the depth of frozen
ground taking into consideration the influencing
factors;

5) to make maps of wind speed and direction;

6) to make the maps of freezing and thawing cycles
(transitions over 0 °C) taking into consideration the
influencing factors;

7) to determine the effect of different factors (snow-
storms, thickness of snow cover, freezing rain) on
road maintenance organization in a cold period of
the year by deriving climatic coefficients;

8) taking into consideration climatic factors when
designing, constructing and maintaining roads to
suggest possibilities for the implementation of the
zoning of Lithuania from the point of view of road
construction.

Methodology of research

Seeking to achieve the aim of the work the research meth-
ods such as statistical analysis, comparison, grouping,
elaboration, generalization and graphical representation
of data were used.

The analysis of climatic zoning methodologies, used
in Lithuania and other foreign countries, was carried out.
When analyzing data of climatic factors, received from

LHS and RWIS, the statistical and comparative analysis
methods were used. The multi-year (1961-1990) LHS and
1999-2008 RWIS data on frozen ground, precipitation,
wind, etc. have been analyzed.

For processing a huge amount of data the Database
Management System MS Access was chosen. Data from
meteorological stations was supplemented with station co-
ordinates re-calculated from the ellipsoidal to plain. Such
information allows to mark the stations in the geographi-
cal information systems and to create the subject maps of
Lithuania with AutoCad Civil 3D.

Scientific novelty

For the first time Lithuania has been divide in zones from
the point of view of road construction, taking into con-
sideration the most important factors: depth of frozen
ground, air temperature, freezing and thawing cycles,
wind speed and direction.

In respect of climatic zones separate territories are
characterized if the historical climatic indices of no less
than 7 years are available. Having data of the LHS mul-
ti-year observations, and the RWIS data is recorded since
1999, it’s up to the purpose to make a climatic zoning of
roads based on different climatic factors, and the reliable
results could be obtained.

Within the framework of this scientific work the anal-
ysis of climatic factors was carried out which showed that
every region should be attributed a climatic coefficient, on
a basis of which the quantities of works would be identified
and the funds allocated to a winter maintenance enterprise
would be calculated. Climatic coefficient would depend on
the thickness of snow cover, number of days with freezing
rain and snowstorms and duration of snowstorms.

Practical value

The theme of this dissertation is topical to the road and
utility specialists of Lithuania in a practical aspect. The
analysis made and the results obtained will help to more
easily solve the issues of road design, construction, repair
and maintenance in Lithuania, taking into consideration
the effect of climatic factors.

Review of research of the climate of Lithuania

Already in the second half of XVII century when Galileo
Galilei and his followers invented thermometer, barometer
and rain gauge it became possible to carry out instrumen-
tal observations.

In about 1820, thanks to G. V. Brandes (Germany),
the first synoptic maps appeared, and in 1849, in Russia
(Saint Petersburg) the first in the world scientific centre
of climatology was established. Later in the other coun-
tries the national meteorological centres were also created
which cared about the establishment of new meteorologi-
cal stations, methodology for the observations and data
processing. In 1845 Berhaus worked out the first world
map of precipitation, in 1859 W. Ferrel (USA) created fun-
damentals for the general atmospheric circulation theory,
and the first wind rose was formed in 1870 by the French-
man L. Brault. At the end of XIX century, with the estab-
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lishment of meteorological stations and accumulation of
information about climate, the first works appeared pre-
senting climate classifications. In 1884 A. Vojeikov and
W. Képpen suggested to divide the Earth into tempera-
ture lanes based on natural factors - this was a large step
forward of climatology (Bukantis 1994; Leonovich, Cygas
2006; JTeonosu4 2005).

In the 20t century the climate atlases and handbooks
of the world and various countries were worked out, new
climate classifications were created, methodology for the
processing of meteorological data was improved. In 1930-
1936 W. Koppen and R. Geiger produced a five-volume
work “Handbuch der Klimatologie“ [Handbook of Clima-
tology]. From 1900 to 1936 W. Képpen was modifying his
climate classification. His classification system includes
5 climatic zones and 12 climate types. Later this classifica-
tion was further modified and supplemented by R. Geiger.
Until now the climate classification system by W. Képpen
and R. Geiger is treated as one of the most perfect. It has
been improved and supplemented up to now. The most
comprehensive Képpen world map drawn from gridded
data to date is that of Kottek et al. (2006) who presented
a map with 31 climate types at a resolution of 0.5° lati-
tude by 0.5° longitude based on both the Climate Research
Unit (CRU) and Global Precipitation Climatology Centre
(GPCC) VASCILimO vl1.1 data sets for the period 1951-
2000 (Peel et al. 2007).

Data from the first meteorological stations of Lithua-
nia was used merely for describing the climate of the ter-
ritory. In the 20" century it became more important to
practically and rapidly use meteorological information
related to the increased demand for meteorological meas-
urements. The first regular instrumental meteorological
measurements were started in Lithuania in 1771, in the
Astronomical Observatory of Vilnius University. With the
initiative of Prof M. Poc¢obutas the regular measurements
of air temperature were started in Vilnius (data is available
since 1777), somewhat later — measurements of wind di-
rection, precipitation (since 1887) and other weather indi-
cators. In 1892 a network of meteorological measurements
was originated. In 1923 the National Hydrometeorological
Service was established.

After the World War II investigations of the climate
of Lithuania were carried out by the famous scientists B.
Styra, K. Kausyla, B. Kavaliauskas, C. Garbaliauskas, V.
S¢emeliovas, and others. Climate classifications by B. Alis-
ovas and M. Budykas are used up to now. According to
B. Alisovas genetic climate classification K. Kausyla made
the scheme of the climatic regioning of Lithuania. Data
accumulated in about 200 years was generalized by many
scientists. A great many of scientific works and books have
been written describing the influencing factors of the cli-
mate of Lithuania, studying specific territorial features of
different meteorological elements and climate variations.
Manuals of the main meteorological elements and phe-
nomena have been published and are still published. A fair
amount of investigations of applied nature were carried
out by Bukantis (1994) and meteorologists Rimkus et al.
(2007). The developing economy generated rapid develop-
ment of a number of trends of applied climatology: avia-
tion, medicine, construction, road and transport, etc.

In 1995 the National Construction Regulations RSN
156-94 “Construction Climatology® were published which
present climate data used designing buildings, structures,
heating, aeration and conditioning systems, water-supply,
electricity lines, etc.

In Lithuania the effect of climatic factors on roads
was studied by A. I. Tamasevic¢ius (1955). It is emphasized
in his work that under the changeable climate of Lithua-
nia (from maritime to continental), having many regional
peculiarities, the Republic of Lithuania cannot be attrib-
uted to the climate zone II according to the general cli-
matic regioning of roads. The Baltic States must be distin-
guished by a separate sub-zone. S. Lukositinas (1961), with
the help of engineering theoretical and analytical methods
for forecasting the depth of frozen ground, has developed
methodology for the determination of the depth of frozen
ground and pavement structures and for the calculation of
climatic coefficient.

Climatic coefficient «, depends on the depth of fro-
zen subgrade z and the freezing duration T, (number of
cold days with the temperature below 0 °C). The coefficient
is defined by the formula:

a -2 (1)

where T, — estimated number of cold days defined from
the isoline map and by the formula T, = ,T,, where §, -
coefficient showing a probability of recurrence of the
number of cold days in a certain period. For the probabili-
ties P(T,;) = 0.05; 0.10 and 0.20 the corresponding values
of p = 1.18; 1.25 and 1.35 are taken; z - the depth of frozen
ground in a particular location which is found by the for-

mula (2):
48\
z= A ) (2)
g

where X - coeflicient of heat conductivity of the frozen
ground, kkal/m?h deg, is defined by the standards; J. o — €5-
timated number of degrees below freezing — days, defined
from the isoline maps and by the formula J , =] , where
B - coeflicient showing a probability of recurrence of the
number of degrees — days in a certain period; J, - average
number of degrees below freezing — days. For the probabil-
ities P(J;) = 0.05; 0.10 and 0.20 the corresponding values
of p =1.40; 1.70 and 1.94.

Theoretical substantiation for the climatic zones of
Lithuania

There are many different world-wide principles of climatic
regioning. Climatic regions are determined not only by
separate meteorological elements but also by their com-
plexes. The general theoretical climatographical schemes
are being developed, climatic regioning of applied nature
is being made.

The neighbouring countries when designing, con-
structing, repairing and maintaining roads, for example
Belarus, first of all take into consideration the annual pre-
cipitation sum and monthly distribution of precipitation,
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the annual regime of air temperature, regime of snow cov-
er formation, speed and strength of wind, regime of the
depth of frozen ground. The most important climatic fac-
tors for the Great Britain are air temperature, precipitation
and wind. Sweden pays a particular attention to the infor-
mation about the climatic conditions of roads in winter
(precipitation > 0 mm, air temperature > 0 °C, road surface
temperature < 0 °C).

Most of the road specialists in the other countries use
the maps developed by meteorological services based on
multi-year data (Tveito et al. 2001).

The largest attention of the road specialists is paid to a
winter season when weather conditions are especially bad.
According Snow and Ice Databook (2006) for this purpose
the territory of Canada is additionally devided into 6 re-
gions according to the average max snow depth from data
of 18 winters (1979-1997). Japan divides its territory into
4 winter regions. In winter the German territory (Mentlein
2007; Velske et al. 1998) is devided into 3 zones according
to the Frost Index (FI).

On the roads of many countries the RWIS stations
have been installed which record and supply necessary
data, however, the most frequently analyzed values of cli-
matic factors are those obtained in winter. The territory of
Lithuania is attributed to the road climate zone II, though,
when designing, constructing or maintaining roads the
currently validated one climate zone is not enough. It
would be necessary to make a detail analysis of data pro-
vided by the nearest to that road meteorological stations
and RWIS.

Based on B. Alisov's climate classification the terri-
tory of Lithuania is divided into 4 regions and 10 sub-re-
gions, but these climatic zones are more of geographical
nature (Laurinavic¢ius, Juknevic¢iaté 2008). The territory
of Lithuania is regioned also by the multi-year LHS data,
though the road specialists need more accurate informa-
tion related to roads. Therefore, the effort to divide the
territory of Lithuania by the climatic factors is a necessity
from the road construction point of view.

When designing frost-blanket courses and water-
proofing layers, it is necessary to know the depth of frozen
ground, subgrade and hydro-thermal regimes, influence
of air temperature and solar radiation on the heating of
pavement surface. Road pavements are mostly affected by
a negative temperature, the impact of which (Fig. 1) is ex-
pressed in the thickness of frost-blanket course. Thickness
of this course depends on the frost-susceptibility of soil.

FI is used to describe intensity of frost. The FI is ex-
pressed in the average sum of days with a negative tem-
perature.

FI=(0-T)), (3)
i=1

where FI - Frost Index, °C; T, — mean air temperature of
i-day, °C; n - the days of a definite period with a negative
mean air temperature; i — number of days with a negative
temperature.

The FI like the Thawing Index (T1) is calculated using
the RWIS data (air and road surface temperature):

Snow pile frostheavg

- A TROTENIONE.

Ice lenses
Unfrozen frost Sinking frost line
susceptiblenaturalsol T = - ¥
E: 35
Water in,
feedingﬂlmp:eﬁss

Fig. 1. The scheme of the impact of frozen ground on road
structure (Tighe et al. 2007)

TI=-T,p (4)

where TI - Thawing Index expressed in days with a certain
temperature, °C; Tref— calculated temperature, °C.

o 2T T Ty =)

re Air Sfe —— >
Z(TS e TSfc )2

where T, - air temperature value in a particular location
in i-day; TS . — surface temperature value in a particular
location in 7-day.

The TI describes the influence of increasing air tem-
perature on the road surface. It is used to find out the dura-
tion of spring thaw on roads.

Construction of motor roads from technological as
well as organisational point of view is largely dependent
on weather conditions. During rainy days it is necessary to
observe how a water discharge system is functioning, what
is the condition of shoulders and subgrade. If it snows the
roads must be cleaned, during freezing rains — the roads
must be spread. Under dry and hot weather the dustiness
of gravel roads must be reduced. When solar radiation is
large the strength of asphalt pavement decreases and this
results in the wash-out of bitumen.

()

Research in the substantiation of the territorial
regioning and evaluation of results

Initial meteorological information consists of data of mul-
ti-year observations carried out in the stations of Hydrom-
eteorological Service. Other meteorological information,
especially important to road construction, is received from
the RWIS.

The RWIS, established in 1998, supplements and spec-
ifies the network of LHS stations existing for already many
years. Parameters, recorded by RWIS, have a great practical
value for the design, construction and maintenance of road
structures. The most important parameters are: tempera-
ture of pavement structure at a different depth, pavement
surface temperature, wind direction and speed, type and
amount of precipitation. Besides the directly recorded cli-
matic parameters it is very important to know the derived
characteristics of multi-year values of these parameters -
annual number of cycles of pavement surface temperature
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transitions over 0 °C, max depth of frozen ground, mean
air temperature of the cold and warm seasons, “roses” of
wind speed and intensity in the different regions of the
country, etc. This data is representative since it covers a
10-year period.

The RWIS supplements and specifies the network of
Hydrometeorological stations existing for already many
years. The RWIS data facilitates the activities of road main-
tenance enterprises — gives information on road condition,
helps to more easy and cost-effectively design, construct,
repair and maintain roads, to manage unfavourable situa-
tions to the road users caused by road accidents and natu-
ral calamities, ensures a more safe traffic on the roads of
national significance, especially in a cold period of the
year.

Having processed data of meteorological stations it is
possible to compile the subject maps of Lithuania. Those
maps give a possibility to represent the distribution of val-
ues of one or another parameter within the territory of
Lithuania measured in the stations. It is possible to com-
pile a map of the depth of frozen ground, air temperature,
the freezing/thawing cycles of pavement surface, wind
speed and direction, precipitation, etc.

Subject maps, made according to RWIS data, can be
used by all users but for the road enterprises which execute
road construction works they are especially topical: data
from the maps of the depth of frozen ground and freez-
ing cycles of pavement surface are recommended to be
used for predicting pavement defects; the maps of wind
speed and direction - for forecasting road sections to be
covered with snow; air temperature maps - for organiz-
ing construction works; the maps of freezing rain or snow-
storm duration, as well as the maps of snow cover thick-
ness should be used to derive climatic coefficients for each
region (zone).

A possibility of creating subject maps is demonstrat-
ed by the map of the average wind speed with wind roses
(Fig. 2) compiled according to the data of 1999-2008 cold
seasons.

Subject maps give a rather accurate view on the vari-
ation regularities of the selected factors within a territory.

Fig. 2. The map of the average wind speed with wind roses
compiled according to the data of 1999-2008 cold seasons

Using a method of interpolation between the isolines it is
possible in those maps to determine the values of those lo-
cations where no observations were carried out.

Statistical processing and analysis of LHS and RWIS
data showed certain climatic differences. They are caused
by the different existing (selected) locations of LHS and
RWIS stationary meteorological stations. RWIS stations
are installed in the locations of various microclimates,
close to the road in order to avoid too optimistic or pes-
simistic results.

Theoretical and practical use of research data for
designing, constructing and maintaining roads in
Lithuania

Temperature is one of the main factors affecting road de-
sign, construction and maintenance. Frozen ground is
important for the design, construction and use of engi-
neering networks, roads and other urban structures. Fro-
zen ground in the process of its formation and vanishing
changes the structure of soil, influences the circulation of
surface and ground waters and the like. Thus, research and
analysis of the variation of the depth of frozen ground are
important from the theoretical as well as practical point
of view. The temperature and the depth of frozen ground
depend on climatic factors, type and mechanical composi-
tion of soils, humidity, vegetation and snow cover.

Most frequently, subgrade soils do not meet the ex-
isting soil properties of a particular location since the
soils are mixed during a technological process of erecting
subgrade. On the same road different type of soils occur,
having different characteristics, therefore, when design-
ing and reconstructing roads different sources of frozen
ground data are used suitable for the regioning of the ter-
ritory of Lithuania.

When designing and reconstructing a road structure
the best solution is to use data on the max depth of frozen
ground from RWIS stations. Based on RWIS data Lithua-
nia is regioned into 4 zones — when the depth of frozen
ground is up to 0.8 m, up to 1.0 m, up to 1.2 m and more
than 1.2 m (Fig. 3).

— Main roads

Fig. 3. Distribution of the max depth of frozen ground in the
territory of Lithuania based on RWIS data
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From the road maintenance point of view the most
significant factors in winter are precipitation (snow),
snowstorm and freezing rain. The performed analysis
shows that each region should be attributed the climatic
coefficient k; based on which the quantities of works and
the funds allocated to winter service enterprise would be
identified. This coefficient would depend on the thickness
of snow cover, number of days with glazed frost and snow-
storms, duration of snowstorms. The climatic coeflicient is
calculated by the formula:

ki = _l’ (6)

where g, - the value of the studied characteristic in a par-
ticular location (zone); a, — average value of the studied
characteristic.

Having calculated climatic coeflicients for the terri-
tory of Lithuania (snow cover thickness; duration of freez-
ing rain, in hours; duration of snowstorms, in hours) the
picked out zones (Fig. 4) indicate that the highest costs for
winter maintenance are required by the roads of Samogi-
tian (Zemaiciy) Highland and the south-eastern part of
Lithuania.

— Main roads

Fig. 4. General map of all climatic coefficients

Conclusions

The implemented analysis of scientific literature on the
subject of climate researches allows us to state that the de-
velopment of industry caused a necessity to develop clima-
tology trends of application character: aviation, roads, etc.
Based on the review of climatic peculiarities of Lithuania
which is a coastal country but having not a typical coast-
al climate, one could notice many regional peculiarities,
thus, it could be stated that it is not enough for Lithuania
to be attributed to the climatic zone II according to a gen-
eral East European climate and road regioning, it is sug-
gested to make the regioning of Lithuania from the road
construction point of view.

The review of territorial regioning methods shows
that the regioning methods of other countries are very spe-
cific due to climatic peculiarities and different conditions

of weather regime in each country. Road organizations/
services of many countries when solving the tasks of road
construction use the maps of multi-year data developed
by meteorological services. The countries where weather
conditions in a cold period of the year cause many prob-
lems on roads for the organization of maintenance works
create separate maps based on the climatic factors topical
for each country.

The implemented analysis of the effect of climatic fac-
tors on road construction indicates that already in a de-
sign stage it is necessary to make a comprehensive study
of climatic conditions in the location of future road. When
designing road pavement structure it is necessary to take
into consideration not only the average climatic factors for
the whole Lithuania but also for the region where the road
is designed. When designing road pavement structure, es-
pecially a frost-blanket course, it is important to analyze
not only local soil and the depth of laying ground water
but also to know the size and duration of a negative tem-
perature and the depth of frozen ground in that particular
location.

Due to a large amount of accumulated RWIS data to
be processed the database management system MS Access
was chosen. Within the environment of this database the
RWIS sub-program was created which allows us to sys-
temize data, to obtain various derivative indices, to carry
out a direct graphical data generation in the environment
of the database management system itself.

Subject maps, made according to RWIS data, can be
used by all users but for the road enterprises involved in
road construction works they are especially topical: data
from the maps of the depth of frozen ground and freezing
cycles of pavement surface are recommended to be used
for predicting pavement defects; the maps of wind speed
and direction - for forecasting road sections to be covered
with snow; air temperature maps - for organizing con-
struction works and the like.

The map with frost impact zones is suggested to cor-
rect the thickness of structural pavement layer, defined in
the KPT SDK 07 Automobiliy keliy standartizuoty dangy
konstrukcijy projektavimo taisyklés [Regulations of Auto-
mobile Road Standartize Pavement Design], when design-
ing or reconstructing roads.

Climatic coeflicient(s) is(are) suggested (of snow
cover thickness, duration of freezing rain and snowstorms,
in hours) based on which the quantities of winter mainte-
nance works and their costs could be corrected. The zone
where the value of climatic coefficient is higher than 1
show that the zone has more frequent unfavourable weath-
er conditions for road maintenance.
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