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Instrumentation to help with the interpretation of your results 

 

On the left, a National Geographic Portable Weather Station – available from Amazon – about £40.00 

Next Kestrel 5100 Portable Weather Station – available online from two UK companies – about £400.00 

On the right, an unbranded Infrared Thermometer – available from Amazon – about £20.00 

Those that have read the Aerolab User Guide will have noted the requirements to set the air density, or 

Rho, as it is termed, and also set the Coefficient of Rolling Resistance, or Crr. 

To calculate the air density you need to know the local atmospheric pressure, the air temperature, and 

either the relative humidity or the dew point. 

To work out the rolling resistance you need to estimate the rolling resistance for the surface that you 

are testing on, and then make an allowance for the tyre / tube temperature, as the Crr of the tyres / 

tubes will vary with temperature. 

Let’s start with air density: 

How do we find out what the local atmospheric pressure is? There are several ways, the best method, of 

course, is to measure it on site, and you can do this with a portable weather station. I happened to be in 

email contact with Robert Chung as few months back, and I asked his advice, and he pointed me at the 

Kestrel 5100, which is what he uses. It’s a very comprehensive device with an anemometer, but it 

doesn’t come cheap.  
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A few weeks ago, one of my clients pointed me in the direction of the National Geographic device. I 

think there are a few variations on the theme. The one I bought from Amazon was about forty pounds, 

which is about a tenth of the price of the Kestrel. 

There are other ways to estimate local atmospheric pressure. The WeatherPro app on my Android 

phone reports a local air pressure using a “sensor”. I’m not sure what is meant by “sensor”. It could be 

the touch screen, it could be a chip within the phone based on resistivity change with pressure, doesn’t 

really matter. When I’ve compared the local pressure as estimated by the WeatherPro app to the 

pressure measured by the other two devices the ‘phone result has always been a bit higher, and it is also 

only reported to the nearest whole number, whereas the other two devices report to one decimal place. 

Another way of estimating local atmospheric pressure is to use wunderground. Hopefully the system will 

find a relatively local weather station, but have in mind that the pressure reported on wunderground is 

the atmospheric pressure at sea level, and an adjustment must be made to correct this for the elevation 

of the test venue. A measurement of 1010 at sea level equates to 1006.28 at 100 feet above sea level. 

This is a very significant difference when making air density calculations. 

So, once we have the atmospheric pressure, we need local air temperature and relative humidity / dew 

point. Air temperature should be easy, and it is, except for the effect of radiated heat from direct sun 

light, and in some instances re-radiated heat from rooves, or other coverings, heated up by the sun. 

Relative humidity / dew point, not so easy, hence the advantage of instrumentation. 

WeatherPro and wunderground will give you a relative humidity and dew point for the location of 

whichever weather station they are using to obtain their data, which isn’t always representative of local 

conditions at the venue in my experience. Both the National Geographic and the Kestrel weather 

stations report temperature and relative humidity.  The Kestel will also report Dew Point, and it does an 

internal calculation to give a value for Rho, air density. 

I’ve run the National Geographic (hereinafter referred to as “NG”) and the Kestrel weather stations, side 

by side, for about 10-days now, to compare the readings. I only have a sample of one of each type of 

instrument, so my findings are not statistically significant, however, they are interesting, bearing in mind 

that one instrument is a tenth of the price of the other. 

The atmospheric pressure readings of both instruments are within 0.2 of each other, most of the time, 

with the Kestrel always tending to give a higher reading than the NG device. 

The temperature readings of both instruments are within 0.2 degrees Celsius of each other, most of the 

time, with the NG always tending to give a higher reading than the Kestrel device. 

The relative humidity reading of the NG device is always higher than the Kestrel device by around three 

percentage points e.g. 44% and 40.8%. Furthermore, the responsiveness of the Kestrel to change is very 

much faster. I’m not convinced that this is a good thing, as the average Rh for an area doesn’t change 

that quickly. The long-term stability, some might say sluggishness, of the NG device might actually be an 

advantage. 
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Bearing in mind that we are testing relative performance (because the Crr we use is always a best guess 

and not absolute) the benefit of knowing an accurate and absolute value of Rho is a moot point. What 

we really need to know is has the air density changed over the duration of our testing, and this we can 

ascertain using the data from the NG device. So, given that that device is a tenth of the price of the 

Kestrel, it’s a bit of a “no-brainer” for anybody that is serious about testing “open field”, or even at an 

in-door velodrome, to buy themselves one of the NG weather stations, and learn how to record and 

apply the data. 

 

              

 

…… and now let’s look at tyre / tube temperature and the effect on Crr 

So, you’ve arrived at your test venue, got your bike out of the back of the car, or off the bike rack, and 

started setting up. Your bike is at some temperature that is probably different to the ambient 

temperature of the venue. It might have warmed-up inside the car, it might have got cold if it was on the 

back of the car in the wind. If the bike is in the sun it will start to absorb radiated heat. Tyres and wheels, 

typically being black, do this quite effectively. Then you go out for a few warm up laps on the track. The 

track surface might be warmer than your tyres or colder than your tyres. It depends on the time of year. 

I’ve tested on a velodrome with a track surface temperature of 30’C in the summer and a track surface 

temperature of minus four degrees in the winter (fortunately without ice). Either way, it will take a while 

for the temperature of your wheels and tyres to reach anything like equilibrium with their surroundings.  
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The best we can do when testing is measure tyre temperatures at the start and end of every test run. 

And we can do that with one of these …….. 

 

 

This is a basic infrared thermometer. You point it at the surface that you want to measure, squeeze the 

trigger and a red dot appears (dispersed laser, but advisable not to point it at anybody’s eyes!). The 

surface temperature is displayed on a small screen to one decimal place. You can select Fahrenheit or 

Celsius. Very simple, very effective and pretty cheap. 

So, when you have completed all your test runs for the session, you will have a neat set of time line 

notes recording the variations that you have tested, and all the conditions at the start and end of every 

run. OK, it may not be so neat, but it is important to record the data otherwise interpretation can be 

very difficult.  

The first thing I do (when I get in front of my computer) is transfer my written notes to an Excel spread 

sheet that has time in the vertical axis, on a “per minute” granularity.  

 

I then work out the Rho for each set of data. In the 17-minute time window above, the ambient 

temperature dropped, as did the relative humidity (by a small amount), but the pressure stayed the 

same. The air density increased a little. I have used a mid-value of 1.200 for this benchmark run. 
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I look at the tyre temperatures at the start and end of each test run, and estimate what the Crr is likely 

to have been for each test run. In test runs where the temperature differential from start to finish has 

been quite large, it is worth looking at the run profile in Aerolab to see if there is any obvious point 

where the tyre temperature has stabilised. What this looks like in Aerolab is an upslope of the blue 

trace, starting from the lower left and progressing as a curve to a horizontal line towards the middle 

right of the trace. You would zoom into the horizontal section to the right when assessing the CdA for 

the run. 

There are two unanswered questions: what starting value of Crr shall I use, and how much variation 

shall I apply per degree of temperature change?  

There is a way of estimating Crr by completing a series of test runs in a standard position at variable 

speed, usually starting at quite a low speed, say 15kph, doing about 1.5km at that speed (around three 

laps of an outdoor velodrome) to record the first set of data. Then you repeat that process, increasing 

the speed by around 5kph each time. It’s simplest to record all the data in one file, as a continuous test 

with no stops, first having warmed-up yourself, and warmed-up the tyres. You need to be recoding the 

environmental data for the test period. The start and end values will probably be sufficient if testing 

alone. You can then plug that file into Aerolab (or one of the online resources) and work out the Crr. The 

CdA can be assumed to be constant, the conditions we know (and these are hopefully near constant), 

the rider / bike weight we know. If the test can be done without changing gear (unlikely) we could 

assume a constant drive train efficiency, however, there are likely to be gear changes required, so try to 

keep to just the big ring and keep gear changes to a minimum. What you should end up with is a number 

between 0.002000 and 0.006000 and a temperature at which the test was conducted. 

Or you can just take an educated guess of what you think the Crr is (!) If you are always testing at the 

same venue the benefit of an absolute Crr value is a moot point (we are dealing with relative results), 

however, it is better to have a value in the right ball-park. 
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When making my educated guesses for Crr I assume 20’C as my reference temperature, so for an indoor 

velodrome I use between 0.002000 and 0.002500, for a smooth Tarmac road surface I use around 

0.003000, for a custom cycle track (like Hillingdon that is pretty granular for grip) around 0.005000, and 

for an out-door velodrome around 0.004500. 

In terms of temperature compensation, I use a factor of 0.6 percent per degree of change. This appears 

to work well over a range of around 10 degrees, which is what you would likely see as a maximum 

variation for any given session, on a particular day. If testing on days with a wide variation in 

temperature I always do a benchmark test and make a correction for Crr, if necessary, based on what 

should be a known CdA value for that benchmark set-up. 

Returning to the Crr estimation, when I was testing at Welwyn Velodrome last week I did a two-speed 

test for my final benchmark run. 
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This is the Aerolab trace with the estimated CdA too high ….. 

 

…… and this is the Aerolab trace with the estimated CdA too low. 
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Overall I settled on 0.2037 for this test. This is the Aerolab trace for the lower speed section ….. 

 

….. and this for the higher speed section. I would say that my Crr estimate is reasonably accurate. I could 

do some more illustrations with higher and lower Crr estimates, but I think I’ve gone far enough with 

this note. That is something that you can try at home …. 

 


