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1 INTRODUCTION  

1.1 Main Background Knowledge  

 Road crashes are a major concern and significant problem for highway owners and operators. 
There are numerous factors involved in a road accident rate. Friction between tires and pavements 
is considered one of the factors that could have a partial role in increasing accident rates. Poor 
friction on the pavement surfaces leads to uncontrolled condition of the driving task, partially this 
could have an impact on the driver behaviour during the riding. In particular this could be even 
more dangerous in wet conditions. Friction coefficient is subjected to numerous influential fac-
tors, which can be commonly classified into five categories First, tire-related factors (rubber com-
pound, tire properties, rubber tread design and condition, inflation pressure, and tire operation 
temperature) [1]–[7]. Second, the road pavement surface - interrelated factors (pavement type, 
mix design materials, microtexture and macrotexture, surface temperature and construction age 
of the pavement) [8-15]. Third, intervening-substance-related factors (quantity particulate matter, 
and oil contaminants). Fourth, driver behavior related factors (stopping sight distance, driver 
health condition, speed control and knowledge of the surface pavement friction) [8]–[10]. and, 
the fifth category is weather conditions factors which can influence the friction between vehicle 
tires and road surface pavement [14], [19-24]. 
The study of weather conditions influences on the friction force generated between tires and road 
surface pavement is a key to advance knowledge on the road surface in order to provide an ap-
propriate solution for traffic management procedures. On the other hand, an appropriate traffic 
management procedure depends on the relation between the road surface friction and weather 
condition. Weather conditions have significant influence on the driving task considering both on 
the road surface pavement which directly affect the driving operation and the climate weather 
which is an important factor being able to modify the driving task in the road network system[18], 
[19]. Combination of both cases could make an impact to the roadway system and in extreme 
cases, temporary closing roads is recommended. Weather conditions affects can be from various 
weather changes factors such as ambient temperature, pavement temperature, ice temperature on 
the road surface during extreme winter condition [20]. On the other hand, under specific 
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surface. In conclusion different friction thresholds are elaborated for traffic management proce-
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conditions, changes in weather condition can produce ice layer, water film. This could need an 
action which is commonly considered to decrease ice possibility (%) on road surface by means of 
a de-icing salt procedure. However, de-icing salt action could also affect the road surface when 
the deterioration is already on the pavement, independently of pavement materials (cement con-
crete or asphalt). These factors are essential to advance the knowledge on road surface friction 
coefficient which can partially (directly or indirectly) be involved in the increase of the accident 
crashes.  
 A complete traffic management procedure requires an adequate friction coefficient of the road 
surface pavement based on a specific minimum friction coefficient in a specific region consider-
ing changes in weather conditions. A steady minimum required friction of the roadway surface is 
mandatory. For this reason, an advanced understanding of the weather conditions which can affect 
the steady level of the friction is crucial to avoid obstacles in driving task operation on roadway. 
Weather condition data collection is a challenging task for infrastructure assessors specifically in 
real-time monitoring, and continues data acquisition. Different studies on the influence of the 
weather condition on road surface and friction has been conducted. Mainly water film thickness 
and  air temperature are considered [21]. In several studies a significant influence of the pavement 
temperature on friction is identified  [22], [23]. In addition, mentioned research studies are based 
on data-driven from models or/and commonly used techniques such as Finite Element based mod-
els [12], [24]–[26]. Although, some researches present insignificant or low influence of tempera-
ture on road surface friction [22], [27]. Current methodologies are still in use for the purpose of 
the weather daily data collection on road pavements, a challenge is how accurate and efficient 
data are taken in term of daily data acquisition. In this study a novel weather sensor is applied to 
automatically monitoring big data in the daily form or monthly form related to weather changes 
and factors influencing road pavement surfaces.  
 In recent works, the use of intelligent road-based passive sensor is highly recommended due to 
the advantages of ability of big dataset storage, invasive technique, contactless, environmentally 
approachable and the real time automated data acquisition considering similar interval-time of 
adverse parameters.  

1.2 Objectives and contribution  

During the last decades various researches have been conducted by considering diverse tech-
niques in order to define the effect of the weather conditions related parameters on road surface 
friction. This work focuses on a real case study of the eighteen months data-driven based on a 
commercially developed intelligent road-based passive sensor.  Thus, weather data are collected 
considering time-interval and location of data acquisition station for current research case study. 
The main objective of this research study is to present preliminary findings and results of a me-
dium-size number of monitoring data on a real-case roadway system, and link to the followings 
highlighted points: 

• Main objective: To monitor the road surface related data including weather condition and 
Friction coefficient of road surface on the real scale site based on the data driven from ice 
sensor in long term database. 
• . Sub-objective: Decision making tool to support road owners for the purpose of the traffic 
management procedures. To check with the minimum thresholds.  
• The main link between weather condition factors influence on the traffic management 
procedures and friction coefficient thresholds.  

 
The contribution of this work to the current knowledge is to understand how the consideration 
of the weather-related parameters can influence the friction stability. In order to provide a safe 
and reliable traffic management system it is crucial that the future friction measurement models 
take into account weather parameters.  

2 CASE STUDY AND DATA COLLECTION 
Intelligent road-based passive sensor is one of the innovative technologies to monitor the mete-
orological factors in the traffic road pavements. This sensor is installed towards the vehicle mov-
ing direction.  
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Data acquired for this research work is conducted for the purpose of the enhancing the resilience 
of the road transport infrastructure in the framework of the European project called PANOPTIS; 
aimed at increasing the resilience of the road transport infrastructures and remaining in safer and 
robust conditions during unfavorable conditions [28-29]. Data are acquired for eighteen months 
(starting December 2019 until June 2021) using intelligent road-based passive sensor.  
This case study is conducted in the Spanish on-site highway located in Guadalajara province 
which connects Madrid city to Barcelona city. The length of the highway is about 77.5 kms (See 
Figure 1) with four lanes (two each traffic direction). Weather condition in mentioned zone can 
be severe and long winter session (temperature is commonly decreasing by ~3ºC) and hot and dry 
summer session (temperature is commonly increase to ~50ºC). The selection of this case study is 
based on three main reasons: 

• The importance of the A2 Highway between two main and largest Spanish cities (Madrid and 
Barcelona). 

• Diverse weather conditions [29]. 

• Road transport infrastructure age, and current health condition concern to public.  
 

 

Figure 1. View of the case study in Spain; (a) Intelligent road-based passive sensor at station PK83, (c) 
Intelligent road-based passive sensor at station PK102, and (c) Spanish case study (adapted from previous 
work of authors [30]). 

3 INFLUENCE OF WEATHER CONDITIONS ON ROAD SURFACE FRICTION 

3.1 The relation between road surface friction and weather-related parameters  

Safe highway pavement to serve a reliable transportation of humans and goods is crucial for fur-
ther economy growth [13]. Understanding the pavement friction and factors affecting the opera-
tion of surface pavement texture is key in order to provide a safe, comfortable path for transpor-
tation operations.  In this section, weather conditions factors are investigated by means of weather 
intelligent road-based passive sensor. Weather data are collected during eighteen months in a 
selected A2 highway case study in Spain (see section 2) for better understanding the influence of 
weather factors (e.g., ambient temperature, pavement temperature, ice temperature, ice possibil-
ity, water film thickness and road conditions) on pavement friction functionality and to further 
explore influence of each parameter individually on pavement friction. Various minimum thresh-
olds are considered in the literature for a safe friction coefficient operation in road pavements 
[30]. Generally, a safe and optimal standard friction coefficient is considered in a range of 0.80 
in normal conditions [31], and these range is also considered by Spanish authorities in this case 
study. Figure 3 presents the influence of (ambient or (in another meaning is air temperature and 
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pavement temperature) on the pavement friction. Ambient temperature alone could have slight 
influence on the friction of the road surface as shown a group of measurements in the square, 
which friction keeps in a normal range.  In addition, during winter season with a decrease in 
ambient temperature in-between (0 - 10 °C), pavement friction decreases up to 0.58 according to 
the data collected in this case study this could be not only because of the ambient temperature but 
interaction with other weather condition for example the presence of temperature of ice layer/ice 
temperature or water on the road surface (see Figure 2. a and Figure 3. a and b). On the other 
hand, Figure 3. b presents a similar reduction in pavement friction during winter season when 
pavement temperature reaches a low range of (0 - 10 °C) This could be also partially related to 
the possibility of ice and rainfalls due to the accumulation of water on road surface.  

 

 

Figure 2. Influence of temperature on road surface friction: (a) Ambient temperature (°C), and (b) Pavement 
temperature (°C). 

Figure 2. presents the data collecting related to two other main weather factors, namely ice tem-
perature and possibility of ice on the surface pavement. In respect of the low ice temperature the 
friction coefficient decreases up to 0.6. (see Figure 3. a). However, the existence of ice possibility 
(ice layer distribution percentage) on the surface pavement lead to a significant dropping of the 
friction. For instance, in the winter when ice possibility reaches to 30% the friction decreases to 
0.24, which is unacceptable threshold according to different standards [12]. For this reason, in 
similar cases usually de-icing and de-salting plans [32], [33] are employed in order to guarantee 
road user’s safety (see Figure 4.b, small circle in the right). 
 

 



5 

 

 

Figure 3. Influence of (a) Ice temperature (°C), and (b) Ice possibility on road surface (%) on road surface 
friction. 

Water film thickness is one of the main weather conditions factors occurring after a rainfall, which 
can significantly influence the reliable functionality of the road pavement friction. An increase of 
water film thickness could cause a decrease in the road surface friction [30]. Figure 3. a show the 
increase in water film thickness would cause decrease in pavement friction coefficient: when wa-
ter film thickness reaches 1250 (µm) surface pavement friction decrease up to 0.55. Additionally, 
road conditions (e.g., dry, moist, damp, ice covered, snow and chemically wet) can influence the 
reliable transportation of goods and people in road pavements. Figure 3. b shows during damp 
(moist) and wet road condition (coding represents in-between 20-255, which is a mix of water 
and conditions of ice, which is considered wet condition), this is the most frequent condition when 
friction decreases. In a case of chemically wet or contaminated road pavement surface (see figure 
4. b, horizontal axis 35) friction dramatically reaches unsafe value which is 0.24, this could be 
also partially related to the existence of possibility of ice (Figure 2. b). 

 

 

Figure 4. Influence of (a) Water Film Thickness (µm), and (b) Road conditions on road surface friction. 

Table 1 shows some critical condition in the different periods of the year including winter and 
summer season, the relevant and partial influence or more precisely the interaction between two 
parameters can be observed. For instance, in the point 4 (P4) during winter ice possibility is 
around 24.76 and water film thickness is 88.49 µm which decreases friction coefficient to 0.63. 
Here, probably the interaction between ice and water influence the road surface friction. More 
researches are needed in order to find the interaction between parameters and their influence on 
the friction.  

Table 1. Critical weather conditions for some specific points (not all data) on the Spanish case study. 

No

. 

Time Season Fric-

tion coef-

ficient 

Water 

Film thick-

ness (µm) 

Possibil-

ity of ice on 

road surface 

Road 

condition 

(see table 

3) 

 

P1 2019/12/20 00:00 - 

2019/12/20 23:59 

Winter 0.69 559.45 0.00 17.36  

P2 2020/03/31 00:00 - 

2020/03/31 23:59 

 

Winter-

Spring 

0.72 403.39 1.00 22.90  
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P3 2020/05/31 00:00 - 

2020/05/31 23:59 

Spring-

Summer 

0.53 1275.32 0.00 20.00  

P4 2021/01/08 00:00 - 

2021/01/08 23:59 

Winter 0.63 88.49 24.76 19.70  

3.2 Pre-assessment thresholds and possible action of road surface friction  

According to the current procedure, the friction coefficient is monitored in a non-steady basis to 
ensure the good state of the road surface for drivers, but it does not consider the effect of climatic 
conditions. This study introduces the effect of the climatic condition on friction coefficient. 
 
Even though the road surface should remain in a good state according to the squid resistance 
standards, but it is useful to be aware about the effect of climatic conditions in instantaneous 
friction coefficient. In order to use this valuable information as input when making decisions on 
instantaneous traffic management (e.g., control of maximum velocity). 
 
For this reason, defining possible thresholds of road surface friction value with potential actions 
based on different condition is essential. As a consequence of this study and considering local 
authorities’ thresholds for traffic management system, three main thresholds are defined for this 
specific case study taking into account the global standards of the most stable friction coefficient. 
 
Table 2 presents thresholds of the friction with possible actions of monitoring of road pavement 
associated to thresholds of friction coefficient. 
 

No. Thresholds (Friction 

coefficient) 

Conditions Possible actions  Monitoring 

level  

1 0.30 Critical  An urgent action is 

needed (e.g., 

maintaince) 

Intervention 

level [20] 

2 0.60 Acceptable low Frequent monitoing 

ans traffic management 

plan (TMP) e.g. control 

of maximum velocity 

Intervention 

level [20] 

3 0.80 Optimal  Normal TMP  Inevstigatory 

level [20] 

 

4 CONCLUSIONS AND FUTURE WORKS  

Reliable road pavement is dominant infrastructure for both human safe transportation and econ-
omy growth, specifically with a vast growth in the traffic management system in Europe and 
worldwide [30], [34], [35]. In order to provide a comprehensive knowledge on road system net-
work various factors should be taking into account (e.g., weather conditions, pavement texture, 
human behaviour, lighting and visibility, signals and road marking, safety instructions). In this 
research paper, the influence of weather conditions on road surface friction is investigated by 
means intelligent road-based passive sensor. This work concludes that the relation between sev-
eral weather condition related factors on the road surface friction in real scale case study. The 
final remarks for this preliminary study are: 

• The use of intelligent road-based passive sensor for 18 months weather condition data related 
recorded in a real scale case study in Spain. The relation between weather condition, road surface 
friction is presented in this work. Results show that the most reliable friction coefficient thresh-
olds alarms are considered by Spanish authority, and previous knowledge is 0.80 optimal friction 
coefficient, which is considered standard condition. On the other hand, a frequent monitoring of 
the road surface is essential when the friction coefficient decrease to less than 0.60, and less than 
0.30 could be considered an urgent condition (see Table 2), and in this case an urgent maintenance 
of the road surface is needed, specifically in case of extreme weather condition such as ice or 
snow.      
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• The most extreme weather condition factors (the weather factors which can influence the road 
surface friction stability) have significant impact on road surface friction are the increase of ice-
percentage and water film thickness on the road surface (see Table 3). 

• Ambient (air) and pavement temperatures have slightly similar influence on road surface fric-
tion. Which can be considered as an in-direct factors or partially influence the road surface friction 
and accident rates.  

• Beside other intervention factors can also affect the friction stability, which are age, texture 
depth, abrasion and other macro texture properties such a case study of [36]. This study has con-
sidered a preliminary finding of the main relation between road surface friction and weather con-
dition related factors. 

• This study provides a decision-making support tool for end-users, and owners/operators in 
charge of the operation of the road network. This model has been integrated to the holistic novel 
platform of the PANOPTIS project funded by European Union in order to increase resilience of 
road transport infrastructure. 

• This work will be extended for future/and on-going project by using machine learning ap-
proaches. In the context of machine learning application for forecasting prediction of friction co-
efficient and use of real-time monitoring of friction coefficient [37]. 

Table 3. Summary results of the influence of the critical weather conditions on road surface friction. 

No. Road surface Weather 

conditions 

Critical 

values 

Surface 

friction 

Friction 

Reduction 

Percentage (%) 

 Figure 

1 Temperature Ambient 

(°C) 

-3 0.59 26.25  3.a 

 Pavement 

(°C) 

-2 0.58 27.5  3.b 

 Ice (°C) -0.5 0.58 27.5  4.a 

2 Conditions Possibility of 

ice on 

surface 

80 0.24 70.00  4.b 

 Water film 

thickness 

(µm) 

1250 0.55 31.25  5.a 

 Road 

conditions 

35 0.24 70.00  5.b 
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