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Abstract: The weather, especially its fluctuations, has a significant impact on the road driv-
ing conditions - leads to a number of collisions and as a consequence to hundreds of deaths,
thousands injured and millions of economic losses. The article briefly specifies the methods
of particular weather elements description which can be found in literature and their impact
on the road conditions. Additionally, weather parameters analysis was performed. On its ba-
sis adaptation of a neural network to predict temperature changes and the possibility of icing
was proposed. The tests and results obtained by using the designed neural network could be
used in fuzzy expert systems.
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1. Introduction

Twenty-first century is a period of dynamic climate changes. The weather, especially
its fluctuations, has a significant impact on the road driving conditions. In conjunction
with increasing traffic in Poland, it leads to a number of collisions and as a conse-
quence to hundreds of deaths, thousands injured and millions of economic losses.
To determine the dynamically changing road conditions, the structure of the road, the
local topology, traffic and weather conditions need to be considered [1]. The men-
tioned parameters are affected by, among others, meteorology and geography factors
as well as current road works.

The article briefly specifies the methods of particular weather elements descrip-
tion which can be found in literature and their impact on the road conditions. The pre-
sented methods were used to experimentally analyse the obtained data. On the basis
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of the results an adaptation of a neural network to predict temperature changes and
the possibility of icing has been introduced.

2. Algorithm

Variability of the weather is a cyclical phenomenon with a period of 24 hours and so it
should be analysed. In addition, it varies depending on weather fronts, the detection
of which requires a regional / global system. The research literature [3] indicates
a close relationship between the specified factors and the deterioration of the weather
road conditions.

The study [5] shows correlation between the changes in driving style and the
presence of rainfall. Precipitations and their intensity affect the number of overtaking
manoeuvres while maintaining larger acceptable gaps between vehicles. The vehicles
speed reduction degree is often disproportionate to the loss of adhesion, caused by
an extra layer of water on the tire-road contact surface [4]. The imposition result of
many weather negative effects (rain or snow and reduced visibility - less than 100m)
often leads to a collision several in which several vehicles take part. Rainfall can be
measured directly - through the rain gauge.

The phenomenon of the visibility reduction is especially dangerous when it does
not occur gradually but suddenly (so-called wall of fog). This leads to frequent colli-
sions caused by drivers different reactions: heavy braking, lack of response or speed
reduction. The last reaction is often accompanied by a dangerous reduction of vehi-
cles gaps.

The visibility limitation is mostly caused by fog (air saturated with water
molecules), smoke from fires or industrial centres as well as sunrise and sunset (hour
interval). Detecting this phenomenon is often complicated. It requires the use of
humidity sensors (calibrated for values close to 100%) and directional light sensor
or calendar data.

The study [14] indicates a large influence of winds, especially the side gusts, on
the vehicles drive ability. Strong wind gusts may cause changes in vehicles handling
characteristics (especially motorcycles, buses and trucks) which in consequence may
lead to lane change or sliding off the road. The vehicles in open areas: highways
without shielding and viaducts are exposed to the wind gusts. The wind above 10
m/s can even be a threat when it is accompanied by wet (slippery) surface or fog.
For detection of wind gusts anemometers or barometers recording radical change in
pressure, corresponding to passing atmospheric fronts, are used.

Temperature fluctuations around zero, combined with high humidity or rain, can
cause the following weather phenomena: the ice, black ice or rime formation. Ad-
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ditionally, extremely high temperatures can affect the driver reaction rate, which in-
creases with the length of travelled route [3].

Detection of icing is possible using sophisticated road embedded sensors or ul-
trasound, however for their prediction temperature, humidity, dew point, precipitation
strength and concentration of the brine are required.

Summarizing, hazardous weather events which have direct impact on the safety
are: black ice, hard rime, precipitation, limited visibility, heavy gusts of wind as well
as, especially dangerous for traffic, local weather anomalies interpreted as abrupt
weather conditions changes. On the basis of studies [4,6,7,17,18] the weather param-
eters affecting the road conditions (Table 1) have been determined:

Table 1. Weather parameters affecting the road conditions

Weather event Road condition Influence on the road transport

rain, snow, hail, flood

reduced visibility, reduced
friction surface, covering the

road surface marking, damage to
infrastructure

reduced road capacity and travel
speed, variable travel speed, the
possibility of roads, bridges and

viaducts closure

strong wind
reduced visibility, infrastructure

damage, reduction of vehicle
efficiency

increased latency, reduced speed,
the possibility of roads, bridges and

viaducts closure

fog, smoke reduced visibility

reduced speed, increased delays,
variable travel speed , the

possibility of roads, bridges and
viaducts closure

lightning, a radical change
in temperature infrastructure damage

ITS system failures, power failures,
communication problems

The RWIS system [1] uses predictions based on numerical models to deter-
mine the parameters of the weather over a given time horizon. Generated forecast
includes assumed surface temperature and road conditions. Using the history of mea-
surements, the system tests the sensitivity of the parameters (their influence on the
weather) in different weather conditions. At this stage invalid data are eliminated -
incorrect predictions for local road conditions.

Prediction errors occur most frequently by high-sensitivity parameters such as:
rain, cloud type and wind speed. Cloudiness is the main cause of errors in numerical
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models. Wind, at night, impacts the surface temperature through faster cooling. Dew
point has little effect on surface temperature change, however is a key parameter to be
taken into account in the detection of icing. Additionally, based on study [8] it can
be assumed that the creation of black ice or other hazardous conditions (such as mud
slip) is a result of simultaneous occurrence of the following factors:

– air temperature in the range from -6◦C to +1◦C,
– relative humidity greater than 85%,
– variable substrate temperature from positive to negative,
– concentration of the brine on the road.

The RWIS model [1] defines the following classes of slippery surfaces (Table 2):

Table 2. Weather parameters affecting the road conditions

Circumstances Type (danger level)

Tair < Tf reezing point and precipitation > 0 and
precipitation type = rain Ice on road surface (high)

Tair < Tf reezing point and precipitation > 0 and
precipitation type = snow Lingering snow (average)

Tair < Tdew point < Tf reezing point and
precipitation>0 and precipitation type = snow

and humidity >80%
Linger snow + hoar-frost (high)

Tair < Tdew point < Tf reezing point Possible hoar-frost (low)

Tair < Tdew point < Tf reezing point and humidity >80% Black ice (average-high)

Tair < Tdew point < Tf reezing point
Wind strength > Vc

Strong hoar-frost (average)

Tair < Tdew point < Tf reezing point
Wind strength < Vc

Possible hoar-frost (low)

Tair < Tf reezing point and Tair−history > Tf reezing point
and precipitation _ history>0 Mud or ice on road surface (high)

Vc is determined taking into account the climatic conditions of analysed area (road section)

Tf reezing point – freezing temperature of liquid lingering on the road surface (for water - 0◦C)
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The parameter Vc in the temperate climate zone is usually assumed to 10 m/s.
The Tf reezing point parameter value usually has a value between 0 to 1◦C, correspond-
ing to the temperature of water freezing and taking into account the measurement
error.

The described analysis indicates a coincidence of factors such as: relative hu-
midity, rainfall, dew point and temperature fluctuations. The order of occurrence
of weather conditions is important as well. The most dangerous conditions occur
when the favourable conditions change to unfavourable. For example, the temperature
changes of only 1◦C may result in multiple adhesion reduction, which significantly
increases braking distances.

With the use of anti-freezing substance a constant value of 0◦C is replaced by the
value from the curve showed on figure 1. The presented curve corresponds to the so-
lution concentration of the freezing point. For different types of concentration and
coagulation the curve shape can have various forms. The road section considered
in the researches was brined in a substance, which lowered the freezing point to -
21◦C for the 23% solution.

Fig. 1. Solution concentration dependence on the temperature changes [17]

In order to verify the assumptions of the described models a statistical module
has been developed containing 9-month historical data from the city of Chorzow
(Poland - Upper Silesia region). The data contain the collision information from the
police database (SEWIK) and the meteorological parameters from a local weather
station. The research has been enriched by the data obtained from the ICM model
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Andrzej Mitas, Marcin Bernaś, Marcin Bugdol, Artur Ryguła

prediction [4,11]. The first results show the relationships between the parameters:
humidity and precipitation (fig. 2).

Fig. 2. Dependencies of rain occurrence at a specific humidity [2]

Measurements and the study have been conducted according to the weather pa-
rameters for the various weather phenomena: black ice and strong winds. As a statis-
tical measure the arithmetic and geometric means, standard deviation, maximum and
minimum, skewness and kurtosis have been used.

At the beginning data from days on which black ice occurred have been anal-
ysed. Additionally, for comparative purposes, the parameters for the days on which
there was no icing (there was only wet surface - water film thickness greater than 0)
have been set.

The parameter distinguishing between the two mention groups is the temperature
of the road after taking into account the brine concentration and the dew point.

To determine the complete characteristics of the factors the days on which the
water film was 0 and the wind speed did not exceed 5m/s have been analysed. The re-
sulting measurements coincide with the occurrence of icing classes listed in table 2,
after taking into account the freezing point of brine.

Next, the daily predicted air temperature changes, derived from the regional
model, have been compared with the actual results obtained from the local weather
station. Maximum deviation of the test results for 15 days amounted to 4◦C.

Additionally, air and road temperature analysis has been performed. The road
temperature in summer strongly depends on sunlight and rainfall. Maximum temper-
ature differences between road and air were above 30◦C (fig. 3). In winter (December,
January, February) the differences do not exceed 12◦C (fig. 4). The obtained results
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and the fact that even changes at the level of 1 - 2 degrees can cause the black ice
occurrence underline the need of road surface heat balance model implementation.

Fig. 3. Dependencies of air and road surface temperature in summer

Fig. 4. Dependencies of air and road surface temperature in winter
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The obtained results confirm the literature conclusion - more incidents were
reported in relatively stable, favourable weather conditions (fig. 5). Studies have also
shown the accumulation of accidents in short time periods, with weather condition
changes leading to freezing rain, black ice and wind gusts of more than 7 m/s (fig. 6).

Fig. 5. Dependencies of collisions and accidents on the state of road surface

Fig. 6. Effect of wind and rain at negative temperatures on collisions
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To confirm empirical evaluation presented on fig. 3, 4, 5 and 6, analysis of cor-
relation and analysis of variance were performed. For further analysis, from pairs
of parameters with high correlation rate, one was excluded as well as parameters
with low variance.

3. Neural network

In literature there is number of studies describing the use of neural networks for pre-
diction of weather phenomena [17,18,9]. For the needs of the project a neural network
with the sigmoid activation function (with β =1) has been used:

f (x) =
1

1+ e−βx (1)

In the network learning process the gradient drop method has been used [16].
For the learning method the following parameters have been assumed:

– the maximum value of weights = 0.5,
– absence of mixing patterns,
– ratio epsilon = 0.01,
– learning rate = 0.9,
– torque ratio = 0.7,
– teaching tolerance = 0.1.

The prepared data base included samples from each 1 minute of a 6 months
period. The database enables the learning process for the following parameters: air
temperature, road temperature, wind, precipitation, atmospheric pressure, water film
and the level of salinity.

The first experiment has been designed to predict changes in road surface tem-
perature after 15 minutes. Based on a correlation analysis and series of introduc-
tory experiments (based on four random parameters) the parameters air, road tem-
peratures, wind speed and rainfall have been used. Characteristics of daily weather
changes have been included as the fifth network input. The dynamics of weather
changes in the period before prediction have been taken into account by using the
time window [13]. The window width, after preliminary tests, has been set to 15,
with the sampling performed every 5 minutes.

Based on the Kołmogorow theory [10] 2n+1 neurons in first hidden layer have
been chosen. Additionally, the influence of the second hidden layer on prediction
results has been analysed. In the research the network structure shown in figure 7 has
been used. The symmetrical connection between hidden layers was implemented.
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Fig. 7. Schematic diagram of the network for the temperature prediction

One hundred 13-element randomly selected learning vectors have been con-
nected to the input of the network. The procedure has been repeated 20 times.
For the forecast a network, yielding the smallest average error for the selected test
vectors has been chosen. The network has been built based on two hidden layers en-
abling better adaptation to rapid weather changes. The obtained results are shown
in figure 8.

The experiment demonstrated the effectiveness of neural network for predicting
temperature variations in Polish climatic zone. Road surface temperature prediction
for the next 15 minutes proved to be correct in 98% of cases with a tolerance of ±2◦C.
Decrease of tolerance to ±1◦C strongly decrease prediction rate to 83%. Increasing
numbers of hidden layers, above two, did not influence prediction process. However,
spread the temperature is too large for the detection of black ice. Large fluctuations
in significant part resulted from not including the level of insolation (cloud cover).

Another experiment consisted of defining the level of threat of black ice after 15
minutes. Level of icing threat was defined based on Table 2 and icing sensor with wa-
ter film (0:none, 1:low, 2:medium, 3:high). The study used a temperature prediction
from the first experiment, the wind strength, the level of salinity and water film – pa-
rameters connected with ice creating phenomena. In prediction process the network
structure shown on fig. 9 was used.
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Fig. 8. Results of the temperature prediction

For 80 13-element test vectors, the network has detected black ice in 85% and
90% of cases with the first (fig. 9a) and second (fig. 9b) structure implemented, re-
spectively. Preliminary studies using neural networks confirm the validity of network
applications in the process of weather forecasting. According to the literature analy-
sis the proper network combination can reduce the measurement error to 2.5% [?] in
case of a combining more advanced structures.
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Fig. 9. Schematic diagram of the network for the icing prediction

4. Conclusion

The conducted analysis for the road weather station confirms the data obtained
in the present literature [12]. The most common causes of road accidents according
to these studies are:

– changing of weather conditions:
• a temperature change from minus to plus at high humidity,
• strong side wind gusts,

– precipitation on frozen road surface,
– limited visibility – fog.

In this context, searching for the effective solutions of weather prediction nu-
merical analysis seems to be fully justified. The presented weather prediction sys-
tem, based on a neural network, provides the opportunity to anticipate significant
changes in atmospheric conditions with relatively good accuracy. The results ob-
tained for the data from local meteorological station and forecasts for a 15-minute
time horizon are described in Table 3.

Additional studies show the possibility of using neural networks as an icing
detector, taking into account the level of sunlight. By using the proposed solution
there is a potential possibility for detecting the rapid changes in weather conditions
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from favourable to unfavourable, which is particularly important since the surveys
indicate increased accidents risk in these situations.

The tests and results obtained by using the designed neural network are the basis
for expert systems based on fuzzy inference which are the main point of the currently
on-going research works.

Table 3. The results of the prediction system based on neural network

Detection parameters Road surface temperature prediction Icing prediction

Network 1 Network 2 Network 1 Network 2

Prediction time 15 min 15 min 15 min 15 min

Tolerance / acceptance
threshold

±2◦C ±1◦C ±2◦C ±1◦C ±0.4 ±0.4

Correct prediction 95% 73% 98% 83% 85% 90%

Absolute value of
maximal difference

2.8◦C 2.2◦C 2◦C 1.3◦C

Number of learning
vectors

100 100 80 80

Number of test vectors 100 100 100 100
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Andrzej Mitas, Marcin Bernaś, Marcin Bugdol, Artur Ryguła

[5] J. Hogema, Effects of Rain on Daily Traffic Volume and on Driving Behavior,
TNO Human Factors Research Institute TM-96-B019 report, 1996, p.113.

[6] R. Hranac, Empirical Studies on Traffic Flow in Inclement Weather, Cambridge
Systematic - FHWA, 2006, pp. 2-4.

[7] K. Keay, I. Simmonds, The Association of Rainfall and Other Weather Variables
with Road Traffic Volume in Melbourne, Accident Analysis & Prevention, Vol.
37, 2005, p. 109.

[8] R. Krystek, Zintegrowany system bezpieczeństwa transportu, Tom 3, Koncepcja
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KONCEPCJA ZASTOSOWANIA SIECI
NEURONOWYCH DO ANALIZY PARAMETRÓW
POGODOWYCH DLA PREDYKCJI ZAGROŻEŃ

Streszczenie W artykule poruszono zagadnienia związane z predykcją warunków me-
teorologicznych, w ujęciu bezpieczeństwa ruchu drogowego. W pierwszej części pracy
podsumowano najważniejsze wnioski oraz rezultaty przeprowadzonych studiów literatur-
owych oraz, na ich podstawie, dokonano obserwacji określonych artefaktów w zdefin-
iowanym zbiorze danych statystycznych. Dane obejmowały parametry meteorologiczne ze
stacji pogodowej, informacje o lokalnych kolizjach drogowych oraz dane modelu predykcji
zjawisk atmosferycznych. W finalnej części pracy przestawiono przykładowe implementacje
sieci neuronowych wykorzystane celu predykcji omawianych zagrożeń pogodowych.

Słowa kluczowe: predykcja pogody, sieci neuronowe, bezpieczeństwo transportu
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