
1 Introduction 

Ice on Dutch highways leads to an increase of 77-245% in the 

number of accidents (SWOV, 2012). To prevent ice formation 

salt is sprayed on Dutch roads. The salt  causes environmental 

damage, vehicle corrosion and road damage. Road 

maintenance is expensive. For the regions of 

Arnhem/Nijmegen, Breda and Friesland the average total cost 

for winter road maintenance was over one million euros per 

year (De Vries, 2014). 

   If we know more precise where and when slipperiness 

occurs, we can minimize salt spraying.  Roads become 

slippery when e.g. road temperatures drop below zero and 

surfaces are wet. This research focusses on the road 

temperature. There is currently no spatial model available 

which can make detailed predictions for the entire road 

surface. Our goal is to predict road temperatures based on 

environmental variables and meteorological conditions using 

a machine learning approach.  

 

2 Data-sets  

2.1 Road Temperature  

There are currently over 300 gladheidsmeldsysteem (GMS) 

stations located on both highways and provincial roads (Fig. 

1). The GMS stations are  a collection of sensors in the road 

and along the road which measures among others road-, air- 

and dew point temperature (Fig. 2). The measurement 

frequency is 5 minutes. A subset of the data is used for model 

building (Fig. 3). 

 

2.2 Ancillary Data 

Meteorological data. The air- and dew point temperature are 

measured at each location. The measurements are next to the 

road. For the spatial predictions these variables are 

interpolated.   

Sky View Factor. The AHN2 point measurements of elevation 

were regridded on a regular grid. With the R's horizon 

package the sky view factor was calculated.  

Distance to the sea. The distance to the sea is a virtual 

shoreline with values around zero near the sea and high values 

inland. 

The solar angle. The zenith angle was calculated using the  

R's insol package. 

 

Figure 1: The gladheidsmeldsysteem stations for each 

province 
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Abstract 

Ice formation on roads leads to a substantial increase in accidents and road damage. The Dutch Gladheidsmeldsysteem (slippery detection 

system) measures meteorological conditions on roads at 300+ locations. Our goal is to predict road temperatures in between the 

measurement locations based on environmental variables and meteorological conditions. Using a machine learning approach part of the 

variation in road temperatures can be explained by air- and dew point temperature, zenith angle, sky view factor and distance to the sea. 
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Figure 2: Road Temperature measurements on a highway 

 
 

Figure 3: Measurements of all stations on 23th of January 

2010, used for model training 

 

3 Methods 

Considering the large amount of available data and variables  

machine learning techniques are used to build a statistical 

model. One of the main advantages of machine learning is that 

machine learning algorithms learn from the data that they are 

fed and that researchers do not need to explicitly model all the 

interactions between the input variables and the output 

variable. Furthermore, machine learning algorithms can build 

models with non-linear data relationships: previous research 

has shown that the effect of environmental and meteorological 

variables on the road energy balance are non-linearly mixed 

(Shao et al., 1997). In this project we used the scripting 

language R (R Core Team, 2016) in combination with RStudio 

(R studio Team, 2016). 

 

3.1 Models 

The R’s caret package (Kuhn et al., 2013; Kuhn et al., 2016) 

is used to build a linear model and a decision tree. All the data 

is scaled, centered and transformed using a BoxCox 

transformation. Missing values and large outliers are removed. 

 

3.2 Model validation 

The models are trained using cross validation. After fine-

tuning the models they are validated with an independent test 

set. For the linear model R2 and RMSE values of respectively 

0.31 and 1.7 °𝐶 were found. The tree model has R2 and RMSE 

values of 0.77 and 0.98 °𝐶.  

The tree model is found to be most suitable for spatial 

predictions of road temperature. Testing the model on the test-

set shows similar values for predicted and observed values. 

The tree model is found to be less sensitive for measurement 

errors than the linear model. 

 

4 Results 

Fist analysis shows the most important variables for 

predicting road temperature are from most to least important: 

air- and dew point temperature, distance to the sea, zenith 

angle and sky view factor.  

The tree model is used for spatial predictions (Fig. 4). 

Higher road temperatures are found in the southern part of the 

country. In the middle and northern part temperatures are 

around or just below zero.   

  

5 Discussion and Conclusion 

(1) The model is built for a single day, ideally several 

representative meteorological situation are included in the 

model.  

(2)  The model now uses five different variables. Depending 

on the situation other variable like traffic intensity or road 

type, should be included.  

(3)  Compared with the linear model the tree model is found 

to be less insensitive for outliers.  

(4)   Statistically the tree model shows good results and seems 

unbiased. First steps are made to use the model for spatial 

predictions.  

 

Figure 4: Spatial prediction using the tree model 
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