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Introduction
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• Slippery road conditions increase the 
risk of traffic accidents

• Dense observation network is 
important for road safety

• With inexpensive sensors we can get 
more observations, but the data 
quality must be studied

• In addition to monitoring current road 
state, observations can be used as 
input to forecasting models
• Can data from low-cost sensors be used in 

road weather forecasting?
Image: Marjo Hippi



• ~ 100 IoT sensors were installed at 
motorway in southern Finland and at the 
Sodankylä airport test track
• Battery operated
• LoRaWAN communication technology
• Three different sensor types:

• ELT-2 from ELSYS.se
• UC11-T1 from Ursalink
• MCF-LW12TERWP from MCF88

• All sensors measure air temperature and 
humidity, ELT-2 and MCF also air pressure

• Some sensors were installed at Kumpula
weather station and road weather 
stations to allow comparison to their 
measurements

Low-cost sensors

Sensors installed at a road
weather station



Sensors in measurement booth

Comparison to weather station

• Some sensors were installed in 
measurement booth, some in pole
without radiation shields

• Air temperature measurements 
done at the pole were much 
affected by solar radiation in April

Mean difference between IoT measurements and weather 
station measurements averaged for different times of the day.



• Simple radiation shields 
were developed

• Radiation shielded 
sensors were installed 
at the pole at Kumpula
weather station
• reduced the warm 

bias

UC11-T1 air temperature measurements done by radiation 
shielded sensor at the pole (brown), sensor without radiation 

shield (red), and weather station (cyan)

Radiation shield



Comparison to 
road weather 
stations (RWS)

• Radiation shielded UC11-T1 
sensors were installed at two 
RWS at different heights 
(brown lines in the figure)

Mean difference between IoT measurements and RWS 
measurements averaged for different times of the day.

Radiation shielded
sensor
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• Radiation shielded 
sensors do not have 
as high increase in 
bias during daytime

• Several UC11-T1 
sensors stopped 
working during the 
campaign

• This might be caused 
by a firmware bug, 
that led to excess 
power consumption 
and emptying of 
batteries in some of 
the sensors
• Fixed in a 

software update



Relative humidity
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• UC11-T1 and MCF had some 
bias in relative humidity 
measurements, but follow well 
the weather station 
measurements

• ELT-2 sensors had problem of 
water getting inside their 
structure, so their 
measurements were not 
usable

Relative humidity measurements done at the 
measurement booth. UC11-T1 (red), ELT-2 (blue), MCF 

(black), and weather station measurements (cyan)
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Mean difference between IoT 
measurements and weather 

station measurements averaged 
for different times of the day.

• During winter and in 
measurement booth during 
April the measurements have 
positive bias

• Solar radiation affects the 
measurements causing 
negative bias during daytime
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• Radiation shields improve 
humidity measurements

UC11-T1 relative humidity measurements 
done by radiation shielded sensor at the 
pole (brown), sensors without radiation 
shield (red), and weather station (cyan)



Usefulness to road 
weather forecast?

• The FMI road weather model uses surface temperature 
observations in the model initialization 

• Model surface temperature is forced to the observed 
surface temperature

• air temperature measurements don’t have that 
much effect in the initialization.

• Values are interpolated from road weather station 
observations when there are no surface temperature
observations available

• The interpolation is done with the universal kriging 
method

• Elevation is used as an explanatory variable.

• Could air temperature observations from IoT 
sensors used as explanatory variable?

Model surface temperature is 
forced to the observed surface 
temperature (Coupling)



Universal kriging

A two-step process:

1. Fitting a model: It creates the variograms and 
covariance functions to estimate the statistical 
dependence (called spatial autocorrelation) values 
that depend on the model of autocorrelation.

2. Making a prediction: It predicts the unknown values

• Ordinary kriging assumes that the mean and variance
of the interpolated variable remain same

• In Universal kriging, the mean can vary depending on 
some other variable, like elevation
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Surface temperature measurements

at road wather stations in Finland 

23.1.2018 06:00 UTC



Results

10 - fold cross validation
• Data (RWS observations) is randomly 

divided to 10 parts
• Model is fitted using 90 % of the data

• Air temperature observations from 
RWS used as explanatory variable

• Surface temperature is predicted at the 
remaining 10 % RWS using the model

• Repeated 10 times using one part of the 
data at a time as a verification set

• Done separately for each time step

Hourly RMSE of the surface temperature values 
interpolated with universal kriging for 

September 2020. 

• RMSE (root-mean-squared-error) values 
were calculated from the estimated values

September 2020
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• Using air temperature improved the 
interpolated values during some 
months

• Results were also station dependent 
• IoT observations were not used in this 

test, but the results demonstrate the 
general usefulness of air temperature 
observations in determining surface 
temperature

December 2020

January 2021

March 2021



Conclusions
• Inside radiation shields UC11-T1 measurements corresponded well road 

weather station measurements

• Using air temperature as explanatory variable in surface temperature 
kriging analysis improved the results a little, but it was dependent on 
the studied month

• Air temperature observations might not be very useful for 
forecasting road surface temperature with this method

• Maybe some machine learning methods would be better suitable to 
determining surface temperature from air temperature?

• Low-cost surface temperature sensors would be more useful (some 
asphalt embedded sensors are currently in testing)

Questions? -> virve.karsisto@fmi.fi
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