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Änderung des Temperaturverlaufs in den untersten 2000m der Atmosphäre am 

26.04.74 in Meppen von 5.30 bis 13.00 Uhr. (Daten aus  Beyer, Roth, 1977 –

gefunden bei Müller, Kottmeier, 1984).
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The Boundary Layer during the Day
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Content –
1. Thermals, that’s warm air - or not?

2. Humid air has less weight

3. Practical consequences for everyday flying

4. Differences in climb rates on the same day

5. Taking off early or late, with weak or strong 

lift to be expected

6. The influence of the air mass

7. Consequences for flying competitively
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Big bubbles 

climb faster

Small bubbles 

climb slowly

Bubbles 

increase in size 

while climbing



Different Lift on the same day depends on 
the size of the thermals 
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Forests release warm, humid air ... 

T in °C

Height

Wind

Large Reservoir 



The size of the warm air 

reservoir determines the 

strenght of the thermals to 

a large extent

1000 m

500 m

20 m

Strenght of Thermals 

Höhe in  m

Different climb rates 

during the same day 

depend on the 

size/diameter of the 

thermals
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Early or late ... ?

Strong or weak ... ?



Thermals in different air masses

Basis-Altitude in 

3167 Meter 

3000 m

2000 m

1000 m 

Ausgangs-

Bedingungen

Tempe-

ratur
10° C

Relative 

Feuchte
13,5 %

Tempe-

ratur
32,8° C

Relative

Feuchte
19 %
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100% 100%

58%, 

Spread 7,1° C
53%,

1- 3/8 Cu
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Insulation

Ground

Heat Flow

Water Vapor 

(Evaporation)

Reflection

Convection

The Radiation Balance
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Thermal Yield close to the ground

in percent of the insulated energy

Temperature 

at ground level in °C

Relative 

Humidity in %

0°C



Thermal Yield 
in cold vs. warm Airmass 
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Global Radiation during 

the day
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Rate of sink 
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Energy
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Thermal Development in the Morning
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In cold air, thermals start 

earlier and become stronger 

much faster ! 
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Airmass has 

significant influence 

on the creation of 

warm air on the 

ground

1000 m

Insulation

20 m

The influence of Airmasses on Thermals

Altitude in  m

Airmass 
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Thermal Yield close to the ground

in percent of the insulated energy

Temperature 

at ground level in °C

Relative 

Humidity in %

0°C



Average Lift* in different airmasses and with 
varying insulation
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Type of 

inhibition

Average

Reflexion in %

Cold Airmass Cool Airmass Warm Airmass

None 0% 2,0 1,5 1,0

Cirrus 12,5% 1,7 1,2 0,8

Cirrostratus 22,5% 1,3 1,0 0,6

Altocumulus 45% 0,7 0,4 0,2

Altostratus 50% 0,5 0,3 0,1

Stratocumulus 60% 0,3 0,1 0

*All lift rates are averages in m/sec pro 1000 Meter ceiling. –

They can increase with altitude ...
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depends on relative humidity of air close to the ground
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100%

80%

80%

35%

Remember ?
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Humid air has less weight than dry air... !

dry

humid
Density difference 

between dry and humid 

air in gr/m³



Small decrease 

in cold air

Large decrease in 

warm air

Humid air has less weight than dry air... !



Humidity based buoyancy of thermals in 
cold and warm airmasses 

Ceiling
Cloud amount

3000 m

2000 m

1000 m 

Temperature-

Difference (virtual)

0 0,1 0,2 0,3 0,4 0,5 0,6
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Temperature-

Difference decreases 

with altitude

Superadiabatic layer 

<20 Meter thick is the 

source for thermals

1000 m

500 m

20 m

The Standard-Thermal-Model 

Altitude in  m

Humidity difference 

increases buoyancy



Real climb rates in cold and warm air 
masses

Ceiling 

Cloud 

Amount

3000 m

2000 m

1000 m 

Cushion of warm air

on the ground

Temperature-

Difference (virtual)
0,3 0,6 Lift in 

m/sec
2 3 4 5 6 

m/sec
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Initial climb rate in 

very cold airmass



Real climb rates in cold and warm air 
masses

Ceiling 

Cloud 

Amount

3000 m

2000 m

1000 m 

Cushion of warm air

on the ground

Temperature-

Difference (virtual)
0,3 0,6 Lift in 

m/sec
2 3 4 5 6 

m/sec
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Real climb rates in cold and warm air 
masses

Ceiling 

Cloud 

Amount

3000 m

2000 m

1000 m 

Cushion of warm air

on the ground

Temperature-

Difference (virtual)
0,3 0,6 Lift in 

m/sec
2 3 4 5 6 

m/sec
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Thermik-Ausbeute in Bodennähe 

in Prozent der eingestrahlten Energie

Lufttemperatur 

in Bodennähe in °C

Relative 

Feuchte in %

0°C



The Standard-Thermal-Model 

Humidity based 

buoyancy increases till 

about 2000 m altitude

1000 m

500 m

20 m

2000 m

Superadiabatic layer 

<20 Meter thick is the 

source for thermals

Temperature-

Difference decreases 

with altitude

Humidity difference 

increases buoyancy



Rates of lift in different air masses and 
high cloud bases
Cloudbase

5000 m

4000 m

3000 m

2000 m

1000 m 

Average Climb 

Rate 

0 1 2 3 4 5 6 7 8 

m/sec
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Mittel-Europa

Süd-Europa, Afrika 

und Australien 



Examples of flights in different air masses  

- Ewald Bombelka am 13.07.2013

- Klippeneck-Wettbewerb 2015

- Austin Texas, WM 2012 



Ewald Bombelka am 

13.07.2013

1089,6 Kilometer



13.07.2013, 12.31 Uhr



550 m GND

Extract of Ewald Bombelka‘s Flight



550 m GND

2,46 m/sec

2,50 m/sec

2,40 m/sec

2,67 m/sec

2,77 m/sec

2,77 m/sec

2,00 m/sec

Extract of Ewald Bombelka‘s Flight



2,46 m/sec

2,50 m/sec

2,40 m/sec

2,67 m/sec

2,77 m/sec

2,77 m/sec

2,00 m/sec

1 2 3 m/sec0

Average climb 

rate for the corres-

ponding step

1 2 3 m/sec0

Average climb profile in cold air mass

550 m GND

Average climb 

rate for the cor-

responding step



13.07.2013, 15.18 Uhr



Very hot, but 

relatively dry 

airmass

Freitag, 7.8.15, 14.00 Uhr lokal



07.08.2015, 11.58 Uhr MESZ
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Average climb profile in a warm airmass 
Dennis Huybreckx & Jeroen Jennen – CM & LT 

1.2 m/sec

0,73 m/sec

18.00 Uhr lokal 19.20 Uhr lokal

V. 2 V. 3 E.A.

Kleine 

Verlagerung 

des Kreises 

Kurzzeitig 

Suchkreise 

im Fallen

18.00 Uhr lokal 19.20 Uhr lokal

V. 2 V. 3

Kleine 

Verlagerung 

des Kreises 

Kurzzeitig 

Suchkreise 

im Fallen

E-Anfl.



1.2 m/sec

1.92 m/sec

1.93 m/sec

1,50 m/sec

3,0 m/sec

0,73 m/sec 1,11 m/sec

1,84 m/sec

1,40 m/sec

18.00 Uhr lokal 19.20 Uhr lokal

V. 2 E-Anfl.

2,17 m/sec

1.86 m/sec

1 2 3 m/sec0

V. 3

Kleine 

Verlagerung 

des Kreises 

Kurzzeitig 

Suchkreise 

im Fallen

Average climb 

rate in 200 meter steps

Average climb profile in a warm airmass 
Dennis Huybreckx & Jeroen Jennen – CM & LT 



Important

• In cold air masses, the climb rates are rather 
stable throughout the entire climb

• You can descend rather low and still expect to 
find a good thermal

• In warm air masses the climb rates tend to 
increase with altitude

• One should not descend below half the working 
height, respectively cannot expect to find a good 
climb rather low down... 
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World Gliding Championship, Day 9 
14. Aug. 2012 

• Matthias Sturm – 4 daily victories

• Sebastian Kawa – 3 daily 
victories till now

• Matthias leads with 30 points



View South East before take off



Crossing the line 15.10 Uhr (lokal)



16.32 Uhr – It‘s turning blue ... !

Matthias finds very good 

lift, but continues, while 

Sebastian circles for only 

200 Meters gain. 



16.58 Uhr

Sebastian takes 1,5 

m/sec too ...
325 m GND - Matthias 

needs to drop his water 

ballast and take 1,5 m/sec to 

avoid an outlanding!

Sebastian Kawa 

gegen 

Matthias Sturm



Different strategies throughout the race

Matthias uses at least half 

the available altitude 

Sebastian focuses on the 

upper third of the working 

altitude



Tageswertung, 

10. W-Tag

Sebastian is 37 Minutes 

ahead of Matthias and 

gains 350 Points more!



Thermal-Profile Uvalde (Texas), 11.08.12 
(Inversion in 2300 m, flat Cumuls, Triggertemp. T. 35°C, Max. Temp. 39°C) 
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2300 M
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End-Result 
15-Meter Klasse 

1. Sebastian Kawa – RP

2. Matthias Sturm – M6

3. Radek Krejcirik - AX

434 P



The Standard-Thermal-Model 

An inversion can block 

further ascend and 

also prevent 

overdevelopment

1000 m
The size of the warm 

air reservoir 

determines the 

strenght of the 

thermals to a large 

extent

Different climb rates 

during the same day 

depend on the 

size/diameter of the 

thermals

Humidity based 

buoyancy reaches a 

maximum at about 

2000 m altitude

Superadiabatic layer 

<20 Meter thick is the 

source for thermals

Temperature-

Difference decreases 

with altitude

Humidity difference 

increases buoyancy

Cumulus & inversion 

increase humidity 

differences in the 

ambient air and thus 

improve climb rates 

even further 

Airmass has 

significant influence on 

the creation of warm 

air on the ground
20 m



Question to the audience ...
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Perfectly understood, 

makes sense  

Mostly understood, 

but questions

Did not understand, 

serious doubts

Thinks it‘s nonsense 

or complete bullshit
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