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Adding Weather data
to analyses of 
vehicle systems

Performance and 
robustness thereof!

Weather data 

https://inetsgi.com/images/827/images/3b9562c9.jpg
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Weather data 

From forecasts 
and real observations

https://www.code42.com/blog/tips-from-the-trenches-red-teams-and-blue-teams/


Title Slide - Grey
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PhD from LiU (IEI, 2011)
Fluid Power and Mechatronics

linkedin.com/in/renofilla

Energy Efficiency
Electromobility and Energy Systems
Automation and Human Factors

7+ years at Scania/Traton, R&D
Expert Engineer

20 years at Volvo CE, R&D
Senior Technology Specialist

https://www.linkedin.com/in/renofilla/
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Performance of any vehicle is affected by weather

• Directly

• Air temperature

• Air pressure

• Air humidity

• Wind speed + direction

• Precipitation (rain, snow, hail …)

• Cloudiness and solar radiation (effectiveness of solar panels) 

• Indirectly: road (friction + rolling resistance)

• Ice, snow, water on road

• Surface temperature

• Ground temperature

we’ve got a Problem
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(Industry and Academia)

Major energy sinks:

• Powertrain losses

• Elevation change

• Air resistance

• Rolling resistance

https://www.code42.com/blog/tips-from-the-trenches-red-teams-and-blue-teams/
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Weather changes all the time

We usually ignore this (or only roughly approximate it)

• in analysis of recorded operation

• in simulation

• in component/system dimensioning

We risk that…

• we write off poor performance as due to bad weather 
and thus miss real deviations

• we design products with poor performance robustness 
due to insufficient testing in bad conditions

we’ve got a Problem 
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By picking safe, 
nominal environmental 
conditions we ignore 
the variability that 
exists in the real world.

We do this at our own 
peril.  

(Industry and Academia)

https://www.code42.com/blog/tips-from-the-trenches-red-teams-and-blue-teams/
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We now have

• data

• tools

• methods

we’ve got a Solution
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Main idea: Make it easy to combine 
observed or forecasted weather 
with vehicle logs

• recorded operation

• simulated missions

(Industry and Academia)

https://doi.org/10.4271/02-19-02-0010 https://doi.org/10.3390/data10030031(more to come)

https://www.code42.com/blog/tips-from-the-trenches-red-teams-and-blue-teams/
https://doi.org/10.4271/02-19-02-0010
https://doi.org/10.3390/data10030031
https://doi.org/10.4271/02-19-02-0010
https://doi.org/10.4271/02-19-02-0010
https://doi.org/10.4271/02-19-02-0010
https://doi.org/10.4271/02-19-02-0010
https://doi.org/10.4271/02-19-02-0010
https://doi.org/10.4271/02-19-02-0010
https://doi.org/10.4271/02-19-02-0010
https://doi.org/10.3390/data10030031
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https://www.code42.com/blog/tips-from-the-trenches-red-teams-and-blue-teams/
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Use cases for

• Statistical distributions

• Time series data

Methods
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Aerodynamics
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Air resistance in realistic conditions

• Wind added to ram air
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Air resistance in realistic conditions

• Wind added to ram air

How much do 
energy losses 

due to air resistance 
vary 

due to weather?
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Create + analyse synthetic time-series data

• 11 routes over major roads in Mid/South Sweden

• Realistic vehicle speed (typical traffic) 

• Speed limits obeyed, max 90 km/h

• Driven 2 a day in both directions
1. Common start  at 06:00 LT

2. Common arrival at 18:00 LT

• Combine with recorded weather

• For each day over up to 5 years

• Analyse energy losses
• Air resistance

• Rolling resistance

Göteborg      Örebro     

Örebro       Södertälje 

Göteborg      Jönköping  

Jönköping     Norrköping 

Norrköping    Södertälje 

Malmö         Göteborg   

Helsingborg   Jönköping  

Malmö         Oskarshamn 

Malmö         Karlskrona 

Karlskrona    Oskarshamn 

Oskarshamn    Norrköping 
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Create + analyse synthetic time-series data

Matlab/Python toolbox
Scania-internal development by Reno Filla, started in 2019

• HERE: routing + typical traffic + speed limits

• Google: resample to high resolution + elevation
                25m intervals = 1Hz sampling at 90 km/h

• HERE: match back to road

• Trafikverket: recorded weather (REST API + VViS)

• SMHI: recorded weather
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§

Create + analyse synthetic time-series data
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Air resistance in realistic conditions

• Wind added to ram air back-calculated 
combining data from
• M. Askerdal et al. (2024)
• Volvo Trucks PERF

 https://vbi.truck.volvo.com/portal/perfman/ 020_terminology/drag_coefficient_%28cd%29.htm
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https://doi.org/10.1080/00423114.2023.2213786
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Source: R. Filla (2025) https://doi.org/10.4271/02-19-02-0010

Source: R. Filla (2025) https://doi.org/10.4271/02-19-02-0010 
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air temperature

air pressure

air humidity

elevation (altitude)
wind direction

wind speed
TrV

logfrom synthetic
vehicle log

SMHI

TrV
§

vehicle heading

vehicle speed

Create + analyse synthetic time-series data
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Örebro → Göteborg 

A black and white image of a file

Description automatically generated

A black and white image of a file

Description automatically generated

Create + analyse synthetic time-series data

SMHI+TrV_vaderdata_stations_3_track.html
SMHI+TrV_vaderdata_stations_3_track.html
SMHI+TrV_vaderdata_stations_3_track.html
SMHI+TrV_vaderdata_stations_3_track.html
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Örebro → Göteborg 

2023-10-01

12:00:00 to 15:34:18

Trafikverket:

- Air temperature

- Wind direction

- Wind speed

Create + analyse synthetic time-series data
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Örebro → Göteborg 

2023-10-01

12:00:00 to 15:34:18

SMHI:

- Air pressure

Create + analyse synthetic time-series data
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Örebro → Göteborg 

2023-10-01

12:00:00 to 15:34:18

SMHI:

- Air humidity

Create + analyse synthetic time-series data
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from synthetic
vehicle log

from CFD
simulations

air temperature

air pressure

air humidity

elevation (altitude)
wind direction

wind speed
TrV

logfrom synthetic
vehicle log

SMHI

TrV
§

vehicle heading

vehicle speed

Create + analyse synthetic time-series data
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Örebro → Göteborg 

Örebro → Göteborg 

plot without wind 
is not a horizontal line 
due to air density changing
with air temperature, pressure, 
and humidity

sinusoidal variation
due to the seasons
(winter vs summer)

diff with wind to without wind
= robustness
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Örebro → Göteborg Göteborg → Örebro



Title Slide

Göteborg → Örebro

Örebro → Göteborg 
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All routes

How useful are 
historic weather patterns 

in the times of 
Climate Change

?

CDF: 20% >5°
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All routes

44 data points per day, 
all with different air density
due to different air temperature, 
pressure, and humidity

sinusoidal variation
due to the seasons
(winter vs summer)
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Conclusion 
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Weather changes all the time

Now we have the data, tools and methods to include this

• in analysis of recorded operation

• in simulation

• in component/system dimensioning

Now we have no more excuses…

• for writing off poor performance as due to bad weather 
and thus missing real deviations

• for designing products with poor performance robustness 
due to insufficient testing in bad conditions

Conclusion 

https://inetsgi.com/images/827/images/3b9562c9.jpg
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(Industry and Academia)

https://www.code42.com/blog/tips-from-the-trenches-red-teams-and-blue-teams/


Title Slide

reno.filla@se.traton.com

Thank you!
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