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Introduction 

„When the first version of,Das Thermik-

buch' was published back in May 2005 I 

really had no idea what to expect in terms 

of turnover. Since then the enthusiasm 

which has followed me in our small flying 

community has all but overwhelmed me, 

and even known pro's seem to have found 

useful parts in my book - check my Internet 

site www.thermikwolke.com for some of the 

comments I got. 

The book was almost immediately transla

ted to Russian, yet I couldn't find a publisher 

interested in marketing it in the much lar

ger English/International market, let alone 

the French. I was told over and over that my 

name was not universally known and that 

the risk involved would be too great. Howe

ver after yet more coaxing from friends and 

colleagues I finally decided to take on the 

job myself and publish the English version 

under my own banner. 

My old World Cup friend Mads Synder-

gaard agreed to do the revision and transla

ting, and Gerhard Peter did the final proof

reading. 

In the two years passed since the first 

book was published I have received a great 

deal of feedback, much of which has been 

incorporated in the edition you hold in your 

hands. Some themes have been revised, 

some have been left out and a few new 

ones have been added. This means that 

the current English version is actually more 

up-to-date than the German one, as the 2. 

German edition is planned for 2008. 

Mads has not just translated the book but 

also in fact done a complete revision of it, 

with numerous changes and additions. To 

watch this process from the sideline has 

been a great pleasure and I feel that we 

have got a good product on our hands. 

In the autumn of 2006 I contacted Bruce 

Goldsmith to ask him if he would write a 

preface for the book. He suggested making 

more than that and actually added a chap

ter of his own. I feel that this has enriched 

the book immensely, and the fact that Bruce 

became World Champion in the mean time 

has pleased me immensely! 

I'd like to thank Volker Schwaniz, who has 

been a valuable advisor in all meteorologi

cal matters. I also owe Volker a great big 

Jhank you" for the paragraphs that were ex

clusively written by him. 

Another one who deserves my profound 

gratitude is my wife Nina-Renate Brummer. 

She has been patient beyond the call of 

duty, and she has been a valuable co-wor

ker both as a photographer and as a motiva

tor during the countless hours I have spent 

in front of the computer. 

I wish you a lot of pleasure with the book, 

both when reading and when transferring 

the knowledge into the air. May your own 

thermal flights be benign, and may „Thermal 

Flying" help you to get more out of them! 

Burkhard (Burki) Martens 

http://www.thermikwolke.com


Preface by Robby Whittall 

In my humble opinion no matter how 

much you think you might know about flying 

you will never know enough... I have now 

been flying for over twenty years and I have 

amassed thousands of hours in the air but 

I am well aware that I am still learning and 

need to learn in the future. 

We often overlook the importance of con

tinuing our flying education and understan

ding once we reach a level that we feel is 

acceptable. For your own safety it is impor

tant to remain humble and realize that there 

is more to know about flying and the wea

ther than you will ever be able to absorb. 

No matter what we must continue to strive 

becoming better pilots with better under

standing. 

I was honored that Burki asked me to wri

te a preface for his book. However to do so 

honestly I had to read it and in doing so I 

have increased my own understanding of 

flying and the weather. Within the pages 

of this book you will find great wisdom no 

matter what level of pilot you are. This book 

is full of excellent information from start to 

finish and it is accompanied by easily un

derstandable diagrams and graphical de

pictions that help you to visualize many of 

the descriptions. 

Please remember that you and only you 

are responsible for your own safety each 

and every time you fly. Use this book and the 

knowledge contained within to increase your 

understanding and thus your own safety. 

Flying is a very beautiful thing, it can take 

you to heights that you never thought pos

sible. It can change your life for the better, 

it can fulfill your soul and mind but it always 

has to be taken seriously. Educate yourself 

to continue the enjoyment and serenity 

safely. 

Rob Whittall 

Former World Champion in paragliding and 

hang gliding. 



Preface by Bruce Goldsmith 

Thermals are like waves in the sky. They 

have huge force and power and riding 

thermals can be as exciting as riding huge 

waves in surfing. I have been hooked on 

thermal flying for 25 years now, first on hang 

gliders and now on paragliders. The thrill of 

finding invisible thermals and then climbing 

in them to fly XC is as precious an experi

ence now as it was when I first started out 

flying. Playing with these powerful yet invi

sible forces of nature is an experience own-

ly shared by us and beautiful soaring birds. 

When Burki first asked me to write a pre

face for this book, I was so impressed by the 

depth and detail in the book that I wanted 

to contribute my own chapter. This book will 

help pilots to learn more quickly and safely 

the art of thermal flying and will help pilots 

to learn quickly many of the techniques that 

took me years to master. 

Bruce Goldsmith 

World Paraglding Champion 2007 



Preface by Mads Syndergaard 

About the translator 

Mads Syndergaard was born in Denmark 

in 1968. He discovered paragliding in 1987, 

after having had vivid flying dreams since 

childhood. Since then he has accumulated 

countless hours in the air, flying on the inter

national competition circuit almost full time 

from 1994 till 2001. 

Today flying remains his number one passi

on, although his young family does come a 

close 2nd... 

This book was originally written especial

ly for pilots flying primarily in the German, 

Austrian and Italian Alps. We felt however 

that most of the wisdom therein could easily 

be transferred to any mountain region, and 

during the translation I have strived to mini

mise the local bias of the text, just as I have 

edited content in places where I deemed it 

necessary. When reading you will still come 

across sections where the local Alpine bias 

is clear to see, we hope that the universal 

usefulness will still be apparent in spite of 

this. 

As in the original version I have used he and 

him when I have spoken of the pilot. I hope 

our readers do not interpret this as sexism 

- it is done for purely practical reasons. 

Enjoy the reading, be careful up there and 

don't blame us if your passion for paragli

ding grows to unexpected and impractical 

levels. 

Mads Syndergaard 
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Welcome to the world of thermal flying 

I w a s hooked on paragl id ing f rom the first 

f l ight, many years ago. Right f rom the first 

little hop into the air I knew that th is w a s 

"it" for me . In the fo l lowing years I f lew as 

m u c h as I poss ib ly cou ld as a fu l l - t ime e m p -

loyed eng ineer - wh i ch w a s far too little for 

my taste. My idols we re the c lub co l leagues 

w h o had a l ready been f ly ing for t w o long 

years - I felt like they w e r e un touchab le in 

their ski l ls. 

of f ly ing; therma ls , weather , t r igger points, 

cent r ing techn ique, val ley w inds (wind sys-

tems) - I devoured it al l . Th ings like av iat ion 

law, nav igat ion, ae rodynamics and equ ip -

ment know ledge a lso had to be learned for 

the test , but my hear t w a s w i th the other 

sub jects . 

I wro te this book for all the pi lots out there 

w h o feel just like I felt back then . It is about 

Picture 0.1 Panoramic flight above the Aletsch glacier in Valais, Switzerland. 

To improve as quick ly as poss ib le I read 

every th ing I cou ld lay my hands on , every 

book and every magaz ine . Man f red Kreipl 's 

"Das The rm ikhandbuch " , a l though hard to 

read, b e c a m e my mos t t rus ted f r iend. T h e 

book had no p ic tures and only a few d ra -

w ings , and I had to read many passages 

over and over to unders tand every th ing . 

I a lso read all the theoret ica l mater ia l that 

we we re issued for our exams . Most o f th is 

w a s for tunate ly much easier to read. My 

favour i te texts conce rned the pract ical i t ies 

all the th ings that I , and many of my fe l low 

s tudents , found so intr iguing w h e n we first 

en tered this wonder fu l wor ld o f f ree f ly ing. 

I f someth ing like this book had been ava i -

lable back then I t ruly th ink I cou ld have 

sold a copy to each and every s tudent in 

the c lass. But there are so many little hints 

and t r icks in i t that even old the rma l hogs 

shou ld be able to f ind s o m e nuggets here 

and there. 
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What real ly caught me abou t f ly ing is the 

playing in and wi th nature. We have all lear-

ned through our f ly ing educa t ion how w a r m 

air will eventual ly r ise as a the rma l , but to 

actually f ind this r is ing air and use i t to go 

right up to c loud base is s imply addic t ive. To 

combine more the rma ls in one f l ight, to fly to 

the next expec ted t r igger point and actual ly 

f ind lift, then 

use this lift 

to go fur ther 

still; this is 

in my mind 

truly awe- i n -

spir ing. W h e -

never this 

h a p p e n s , 

when my 

theor ies pro-

ve themse l -

ves in real 

life I feel par-

t icularly al ive 

and fo r tuna-

te. So gl id ing 

towards a 

specif ic point 

on a hill and 

actually f i n -

ding lift there 

is exhi larat ing every t ime. W h a t i t does for 

me is to prove that my unders tand ing of na -

ture is cont inual ly improv ing . 

The other aspec t of th is g a m e is the na -

tural impress ions ga thered th rough a f l ight. 

Somet imes we ' re thermal l ing wi th raptors, 

somet imes f ly ing over a f lock of b rows ing 

geese. A n d a lmost all the t ime we' re en joy-

ing spectacu lar v iews f rom a perspect ive 

that most peop le can on ly d r e a m of. W h e n 

f lying over the Do lomi tes in the Ital ian A lps I 

can see the majest ic ma in A lp ine d iv ide, an 

a lmost un in ter rupted snow-cove red r idge 

f rom hor izon to hor izon . Does anyth ing re-

ally c o m p a r e to th is? 

This book does not rep lace good intuit ion 

f rom exper ienced profess iona ls . T h e first 

thermal exper ience shou ld be ga thered un -

der superv is ion of a f l ight schoo l , as strong 

the rma ls are not to tr i f le w i th . 

T h e book is wr i t ten f rom a paragl ider pilot 

perspect ive , but all but a very few minor de -

tai ls may be direct ly app l ied to hang gl iding 

as we l l . Descr ip t ions of landscape-def ined 

part icular i t ies like val ley w inds or the de-

ve lopmen t o f the average thermal strength 

Picture 0.2: Hang glider over the lake Tegernsee, Germany. 

dur ing the day all refer to the A lp ine region, 

f rom France to S lovenia , but may be appl ied 

to all moun ta inous regions. Wheneve r I'm 

referr ing to f la t land reg ions this is a lways 

c lear ly s ta ted . 

O n c e you have mas te red therma l f ly ing 

the j u m p to c ross coun t ry f ly ing is relat ively 

easy. I w i sh all fe l low pi lots all over the wor ld 

lots of beaut i fu l and exci t ing f l ights. 

17 



Picture 0.3 A Golden Eagle joined me in a thermal during an August flight in Fiesch, Switzerland. 

The interaction with the 

equipment 

To f ly wel l the pilot needs to be in tune 

wi th the w i n g . In o ther wo rds f ly ing i t must 

be F U N . T h e pass ive safety shou ld a lso cor-

respond to the pi lots' exper ience level, and 

f inal ly the pe r fo rmance shou ld be adequa -

te. T h e m in imum descen t rate for all recent 

w ings is ve ry c lose, so that i f thermal l ing in 

norma l lift is the only compar i son p a r a m e -

ter genera l ly the best pilot, and not the best 

w ing , wi l l sit on top of the stack. T h e per-

f o rmance d i f fe rences only b e c o m e vis ible 

w h e n g l id ing, and then only really w h e n gl i -

d ing at s p e e d . Ex t reme d i f fe rences may be 

seen w h e n gl id ing at top speed into a h e a d -

w ind , whe reas gl id ing wi th the w ind doesn ' t 

tell us m u c h about a w ings ' pe r fo rmance . 

A pilot f ly ing apprehens ive ly under a h igh-

pe r f o rmance w ing wil l get less net perfor-

m a n c e out of i t than he wou ld , i f f ly ing as -

ser t ive ly wi th a Spor t s -C lass w ing . Th is is 

due to the fact that a larger propor t ion of 

the pi lots' m ind capac i ty is then avai lable for 

f ly ing tact ics and ca lcu la t ions rather than 

being t ied up wi th wo r ry ing about the w ing . 

Current D H V 1 or 1-2 w ings , or EN Stan-

dard c lass respect ively, have excel lent per-

fo rmance . T h e first FAI t r iangle of 120km + 

w a s f lown on a D H V 1-2 w ing w a y back in 

1998! In 2 0 0 3 Tors ten Hahne , a G e r m a n p i -

lot f ly ing a D H V 2 w i n g , m a n a g e d a 180km 

tr iangle and secured himsel f the first p lace 

in the G e r m a n XC League, tes t imony to the 

fact that i t is the pilot and not the w ing doing 

the big f l ights. Nobody shou ld be foo led into 

bel ieving that just swi tch ing to a hotter w ing 

wil l au tomat ica l ly get t h e m further, or even 

higher. Fly ing XC is abou t f inding and using 

lift, about hav ing learned to t rust your skil ls 

to consc ious ly go to the most l ikely thermal 

sources and not jus t be s tumbl ing around 

the sk ies and acc identa l ly happen ing upon 

a thermal once in a wh i le . On ly w h e n you 

have reached that level you are truly a XC 

pilot. 
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Equipment for thermal flying 

Actually you don' t real ly need m u c h . Many 

pilots fly their f irst therma ls wi th no var io, no 

flying boots, no g loves and no f ly ing suit. No 

problem wi th that. People even w o n c o m p e -

titions wi thout a var io. It is just a lot harder, 

and once we got used to the great little bee -

per most of us cannot real ly go any p laces 

without it. 

So the most impor tan t investment , after 

the g l ider /harness c o m b o , is the var io . The 

Picture 0.4 A helmet vario is sufficient for thermal-

ling, here the Brauniger IQ Sonic. 

instrument of cho ice shou ld have an inte-

grated alt imeter, both because f ly ing XC is 

only a l lowed wi th one and because i t helps 

you to deve lop a " fee l ing" for a l t i tude - how 

many vert ical met res does a speci f ic t r an -

sition burn, how high must I be at A to re-

ach B, high enough to connec t wi th the next 

thermal? Many f l ights are a lso under taken 

in regions whe re ver t ica l air space cei l ings 

apply, so to avoid break ing the law, we must 

know how high we are. T h e mount ing of the 

vario on ei ther the th igh , the karab iner or on 

Hint: 

If your only object ive is local thermal l ing a 

helmet var io is ful ly adequa te . I have one 

as reserve on my he lmet ; i f the main one 

should fail I can a lways cont inue w i th the 

backup. I a lso use it for t ravel l ing and for 

tandem f ly ing. T h e avai lable he lmet var ios 

are smal l and rel iable, and c o m e in both 

battery- and solar powered vers ions. 

Picture 0.5 A high-end vario with integrated GPS 

is generally a overkill for the beginner. But techies 

may want one anyway... 

a f ront conta iner is purely a quest ion of indi-

v idual p re ference. 

Sung lasses protect the eyes, also f rom 

the apparen t w ind , and sunsc reen is indis-

pensab le at a lmost any al t i tude. A balaclava 

is impor tan t for co ld days . 

Protect ive c lo th ing like the purpose-bu i l t 

f ly ing sui ts are a lso a sens ib le investment . 

Paragl ider pi lots spend far too much t ime 

hold ing their hands in the air at great al t i tu-

des , and part icu lar ly in the spr ingt ime where 

the air is still co ld and the thermals go high, 

good g loves are impor tant . T h e best are 

a lways a c o m p r o m i s e because they must 

a l low the pilot to feel the l ines yet be w a r m 

e n o u g h to fend off the wors t co ld . The best 

hint is p robab ly to st ick heaters into your 

g loves. Hang gl ider pi lots have the opt ion to 

a t tach big mit ts to the base bar whe re the 

g loved hand is s tuck inside. 

Picture 0.6 Normal seating position, not too re-

clined, not too upright. This allows for perfect 

weightshifting. 
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T h e harness must remain comfor tab le 

even dur ing long f l ights and i t shou ld be 

easy to wr igg le in af ter launch. I like my 

chest ha rness to be set a round 4 3 c m (17 " ) 

be tween the karab iners , and to fly in a s e m i -

recl ined posi t ion w h e r e I feel I have the o p -

t imal c o m p r o m i s e be tween parasi te drag 

and the risk of get t ing tw is ted in the event 

of a mishap. Ve ry la id-back f ly ing posi t ions 

increase the risk of r iser tw is ts . 

Hint: 

T h e h igher the parasi te d rag of the pilot 

ge ts , for examp le w h e n si t t ing, o r even s tan -

d ing up in the air f low, the h igher the des -

cen t rates a lso get . Mos t peop le th ink that 

the speed dec reases proport ional ly , but in 

fact the oppos i te is the case - the speed 

increases sl ight ly! 

The speed bar shou ld not only be at-

tached , i t must a lso be ad jus ted correct ly. 

W h e n the legs are ful ly s t re tched the g l i -

der shou ld be go ing at top speed . For most 

w ings this m e a n s that the two pul leys on the 

r isers touch . Shor t - l egged pi lots or pi lots 

Picture 0.7 Pulley-to-pulley at top speed. In this 

picture approximately one more centimetre may 

be pushed. 

Picture 0.8 A little trick to keep the speed bar out 

of the way when launching. A drawstring stopper 

holds it up until it is applied the first time in the air. 

Place the stopper beneath the brummel hook from 

the speedsystem. 

f ly ing w ings wi th long speedba r t ravel wi l l 

o f ten need a speedbar ladder to reach full 

speed , but these ladders are also useful for 

just f ly ing at Vz speed wi th the legs s t re tched 

out - this is less t i r ing for the legs. 

Picture 0.9 Standard speed bar with an angled 1st 

step to ease the stepping into. The wire loop is 

used with one foot to get in, then both feet move 

to the actual rod and slowly accelerate to the desi-

red speed. 

T h e brake length has to be per fect . Brakes 

that are set too long may pose a safety risk 

because they don' t a l low the pilot to contro l 

the w ing to the max . Brake l ines that are to 

shor t , d imin ish the gl id ing pe r fo rmance and 

may also be dangerous , as w ings that are 

s lowed d o w n unnatura l ly may not pick up 

speed aga in after B-stal ls or co l lapses. T h e 

brakes shou ld be ad jus ted in a posi t ion, so 

Picture 0.10 My own full XC kit. 



that when they wil l be let loose, abso lu te -

ly no tension is app l ied to the trai l ing edge 

of the wing. Check the brake line set t ing in 

flight by observ ing the trai l ing edge and v e -

rifying that there's no tens ion on any of the 

individual l ines. 

Conversion table 

1 inch = 2,54 cm 

1 foot : = 30,45 cm 

1knot = 1,852 km/h 

1 mph = 1,61 km/h 

approx. 200 ft/min = 1 m/s 

Exiting deep stalls 
High sink va lues c o m b i n e d wi th little or no 

apparent w ind may indicate that the w ing 

has deep sta l led. T h e qu ickest w a y to get 

i t flying again is to e i ther push both A- r i se rs 

forward or to step on the speed bar. 

Hint: 

I have my speed bar set up in a posi t ion 

that my legs are a lways rest ing on the first 

step of the ladder. Th is w a y all I need to do 

is st retch my legs to acce lera te . Hav ing to 

f iddle a round to f ind it f irst is ineff ic ient. 

Picture 0.11 

Playing with the 

wind and the 

wing, landing 

field, Tolmin, Slo-

venia. 
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The first steps; 

how thermals develop 

"Therma ls " is the w o r d we use for the 

genera l p h e n o m e n o n of w a r m e r air r is ing 

Picture 1.1 Thermalling under a nice cloud in the 

Soca valley, Slovenia. 

th rough coo ler air. T h e pr inc ip le is s imp-

le: T h e sun rays heat s o m e sec t ion of the 

g round more than the ad jacent g round and 

this w a r m soil t ransfers its heat to the over-

lying air. W a r m air is l ighter than co ld air, 

and once the tempera tu re d i f fe rence is high 

enough the w a r m air packet beg ins to r ise. 

T h e w a r m e r air does not r ise r ight away due 

to a cer ta in inert ia caused by gravi tat ional 

fo rces and s imp le d rag , but once a t empe ra -

ture d i f fe rence of app. 2 degrees has been 

reached it wi l l genera l ly re lease as a ther-

mal . The higher the tempera tu re d i f ference 

b e c o m e s the s t ronger the thermal wil l be 

- this is a lso the reason w h y leeside ther-

mals are of ten stronger, because h idden in 

the lee an air mass may have t ime to deve-

lop a larger tempera tu re d i f fe rence than on 

the w indward s ide w h e r e all the air masses 

are cont inual ly st i r red and mixed . 

T h e therma l is now born . Its cont inuat ion 

depends on the sur round ing air; the h igher 

the tempera tu re grad ient (i.e. the s teeper 

the tempera tu re d rops w i th al t i tude) the fas -

ter the the rma l r ises. T h e total height gain 

of the r is ing air mass a lso depends on the 

tempera tu re gradient . W h e n the tempera tu -

re gradient is h igh, and the dec rease wi th 

al t i tude thus great , we call the a tmosphe re 

unstable. W h e n the tempera tu re gradient 

is low, and the d i f fe rence be tween g round 

level and h igher levels is low, we call the 

Picture 1.2 Blue thermal, clear air thermal. 

a tmospher i c s i tuat ion s tab le. In s tab le air 

masses the the rma l soon looses its ener-

gy and s tops, but in unstab le air i t may rise 
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Picture 1.3 A thermal is formed: The ground is heated up by the sun and transfers some of the heat to the 

overlying air. At some stage the temperature difference becomes so great that the binding with the earth 

no longer holds. The thermal lifts off. Both pilots in the centre photo are flying with a tailwind! 

very high. I f the air is a lso humid , and there's 

no inversion be low the d e w point, cumu lus 

clouds will deve lop and mark whe re the 

thermals are. W h e n the air is dry, or w h e n 

the thermals aren' t r is ing ve ry h igh, the ther-

mals may remain „b lue" wh i ch m e a n s that 

no cumulus c louds are f o rmed . We normal ly 

simply call these „b lue" days . 

Thermal bubbles, pulsating 

thermals and thermal columns 

When an indiv idual 

air mass has reached 

the critical tempera tu re 

and risen, and the sun 

is not s t rong e n o u g h 

to heat the s a m e area 

sufficiently to keep the 

thermal fed f rom b e -

low, we call it a ther-

mal bubble. If ano ther 

bubble fo rms in the 

same place shor t ly it 

may be cons idered a 

pulsating the rma l , see 

the il lustration 1.3. It is 

sometimes poss ib le to 

actually see the w a r m 

air lying on the g round 

before it re leases, jus t 

think of the sh immer ing of hot air over a 

road on a hot s u m m e r day. 

I f on the other hand we have a g round 

sect ion that is receiv ing a s t rong inf lux of 

the sun's energy, and this is e n o u g h to keep 

feed ing the thermal f rom below, we speak 

o f the rma l co lumns . Because of the topo -

graphy and the nature of the soi l , the rma l 

co lumns are more c o m m o n in mounta in 

reg ions, whe re a par t icu lar rocky mounta in 

f lank may be fac ing direct ly into the sun for 

ex tended per iods. T h e thermals wil l o f ten 

f low upwards fo l lowing the ter ra in , and only 

re lease once they mee t a dist inct t r igger 

point, some t imes only at the peak. At the 

Picture 1.4 A thermal column in the mountains. 

This cloud will remain where it is for several hours, 

sometimes smaller, sometimes bigger. 
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t r igger point the the rma l co lumn looses its 

connec t ion w i th the topography. Such a t r ig -

ger point is normal ly fed f rom severa l good 

thermal genera to rs below, wh i ch makes i t 

eas ier to unders tand w h y i t doesn ' t run out 

o f w a r m air to propel upwards . G o o d t r igger 

points near a lp ine launches in mounta in re-

g ions are of ten cal led "house the rma ls " - f ly 

there and you go up. Th is is then only val id 

for a speci f ic per iod of the day, w h e n the 

sun is reach ing the the rma l sources feed ing 

the t r igger point in ques t ion . 

Thermal generated wind 

systems in mountains 

We have learnt that t he rma ls aren' t caused 

by the sun heat ing the air but rather by the 

sun heat ing the g round , wh i ch then heats 

the air. On s lopes fac ing into the sun the air 

thus heated may begin to f low upwards fo l -

lowing the topography at lower tempera tu re 

d i f ferences than wha t is needed to re lease 

a real thermal bubble . We call the w inds 

that result "anabat ic winds" . You may have 

not iced that a par t icu lar launch site fac ing 

into the sun wil l o f ten a lso face into w ind 

regard less of the meteoro log ica l w inds on 

any g iven day, thanks to this anabat ic w ind 

Picture 1.5 Anabatic winds caused by the sun he-

ating a slope. Once the flow reaches the crest it 

releases and becomes a thermal. To replace the 

air thus disappearing upwards the surrounding 

air must flow into the area from all around. 

f low. Th is is however a lso a reason to be 

par t icu lar ly a ler t w i th regards to w indward 

and leeward s ides , as i t makes the s i tuat ion 

less se l f -ev ident than one cou ld somet imes 

w ish . 

O n c e the sun has changed its posi t ion in 

the sky and is no longer heat ing a part icular 

mounta in f lank the soil beg ins to coo l down. 

Th is immedia te ly coo ls d o w n the air directly 

above, and as co ld air is heav ier than w a r m 

the cool air begins to f low d o w n the m o u n -

ta in. Th is coo l downward f low is ca l led "ca-

tabat ic w inds" and these begin to appear as 

soon as the s lope is in shade. On launch s i -

tes fac ing east this may be obse rved in the 

Picture 1.6 Catabatic winds flowing down the 

mountain. The flow begins almost as soon as the 

slope is in shade. The wavy arrows symbolise the 

long-waved radiation of heat to space from earth. 

middle of the a f te rnoon , w h e r e a back w ind 

wil l o f ten set in regard less of the m a c r o - m e -

teoro log ica l w ind d i rec t ion. 

Hint: 

Interest ing th ings are present in the spr ing 

at many mounta in launches. T h e val ley is 

snow- f ree but the upper s lopes , inc luding 

the launch, is still cove red . Over the s n o w y 

sect ions the cold a i r f l o w s d o w n ca tabat ica l -

ly and causes a ta i lw ind on launch in spi te of 

the meteoro log ica l w ind be ing stra ight o n ! 

W h e n there's still snow on the upper rea-

ches o f the s lopes the the rma ls com ing f rom 

be low wil l re lease at the snow line instead 

of near the crest. T h e co ld air over ly ing the 

snow f ie lds f lows d o w n the s lope and meets 

the w a r m air r ising f rom below, and the ther-

mal is t r iggered . T h e therma l even sucks in 



some of the sur round ing air (see i l lustrat i-

on 1.3) and thus aggrava tes the s i tuat ion, 

especial ly i f the launch site is s i tuated abo -

ve the snow line; there' l l be ta i lwind even if 

the meteoro log ica l w ind is predic ted to be 

straight o n ! 

General ly it wil l still be poss ib le to get off 

though, in one of the fo l lowing brief pha-

ses: 

- W h e n the the rma l re leasing in f ront and 

below launch takes a shor t break 

- W h e n a gust of meteoro log ica l w ind rea-

ches the launch 

- Or w h e n just br ief ly we have no w ind 

The best launches for such condi t ions be -

gin rather f lat and then b e c o m e steeper. A 

no wind launch uses up a lot of runway! 

Picture 1.7 The pilot is leaning well forward to put 

enough energy into his launch procedure in no 

wind. Don't launch in a tailwind! 



Lift versus distance from a ridge 

Distance in metres 5 10 15 20 25 30 35 45 90 

Wind speed 9 11 13 13 15 15 13 13 9 9 

Vertical wind speed 5,8 7,6 9,0 9,7 10 9,7 9,4 9,0 6,5 5,8 

(lifting component) 

Researchers in the Inn val ley in Aust r ia 

set out to d iscover the corre la t ion be tween 

the anabat ic lift on a sunny r idge and the 

d is tance f rom the r idge. T h e speeds are all 

g iven in k m / h . 

T h e research shows that the best lift is not 

to be found r ight next to the r idge but 2 0 -

30 met res away (marked in ye l low above) . 

T h e reason for this is the drag ef fect of 

the topography on the f low. In the ins tance 

invest igated above , w h e r e the f low is 9 k m / h 

away f rom the r idge, i t increases to 15km/h 

near the r idge and the lift is up to 1.5m/s 

25 met res f rom the r idge. T h e 1.5m/s are 

the resul tant o f 1 0 k m / h = 2 . 8 m / s minus the 

paragl ider s ink va lue, wh i ch we set a t 1.5m/ 

s in this examp le . 

Convers ion tab le see page 2 1 . 

T h e lift dec reases as we d is tance 

ourse lves more than 2 5 - 3 0 met res f rom 

the r idge unti l , 100 met res away, the ridge's 

in f luence on the apparent w ind is no longer 

d iscern ib le . 

Hint: 

Soar ing uncomfor tab ly c lose is normal ly not 

benef ic ia l . Bes ides , keeping a bit more dis-

tance wil l be g o o d for the ne rves ! 

Decent versus distance from 

a ridge 

O n c e the s lopes are in shade the system 

reverses and the catabat ic w inds set in. 

They are not qui te as s t rong as the anabat ic 

w inds but the d is tances are s imi lar or a little 

shorter. For the pilot this m e a n s keeping at 

least a 100m d is tance f r om s h a d o w y s lo-

pes, see picture 1.6. 

Picture 1.8 On the right hand slope we can expect lift, on the left one we're pretty sure to encounter incre-

ased sinking. The sinking air will be felt as much as 100 metres away from the ridge. 
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These rules app ly to thermal ly genera ted 

anabatic/catabatic w inds and not to mac ro -

meteorological w inds . In chapter 8, "Soa -

ring" we delve upon the possibi l i t ies that 

these winds offer the pass ing pilot. Note 

that dynamic lift caused by w ind meet ing 

an obstacle behave in a sl ight ly di f ferent 

manner; these are f requent ly useab le m u c h 

further away f rom the r idge. 

Picture 1.9 Soaring at such distances from the ter-

rain is only possible in dynamic lift. Had it been 

anabatic lift the pilots would be much closer to the 

slope. Meduno, Italy. 

The ideal slope inclination for generating and triggering thermals 

A slope fac ing direct ly into the sun at r ight 

angles wa rms up bet ter than one that is eit-

her steeper or shal lower. From this little rule 

the fol lowing can be deduc ted 1 : 

1. In the morn ing the best lift is to be found 

coming off s teep sou theas t fac ing s lopes 

2. Around noon the best s lopes are the 

ones facing south and w i th a sl ight ly f lat ter 

cross-sect ion 

3. In the a f te rnoon we look for sou thwes t 

facing s lopes, and n o w aga in the s teeper 

ones are good 

4. In the even ing we wan t s teep west - fac ing 

slopes 

••mmmmmummmmmmmmmmmmmmmm 

Picture 1.10 

The moderately 

inclined launch 

at Fiesch, 

Switzerland. 

In the summer 

this slope de-

livers reliable 

thermals from 

around 

11 o'clock AM. 

Picture 1.11 The renowned Flimser Rock in Swit-

zerland. It faces directly into the evening sun and 

is steep enough that the sun rays have their full ef-

fect. Due to wildlife preservation it is not allowed 

to approach this ridge low down. 

' For the Northern Hemisphere. Exchange South with North in the Southern Hemisphere. 
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Cloud base 

I f the the rma l has a cumu lus c loud for-

ming over i t we cal l the base of the c loud 

the "c loud base". T h e very young cumu lus 

c loud needs a little t ime to proper ly def ine 

the base - in fact morn ing cumul i of ten d is-

so lve before the c loud base is even proper ly 

de f ined . 

Picture 1.12 Cumulus cloud with well-defined base 

on the left. We can see that it is the result of 4 

thermal pulsations, with the right one being acti-

ve. Notice the indentation in the base of the right 

hand cloud section; this is the clue to the active 

part. 

House thermals and 
wandering thermals 

The rma ls that or ig inate f rom a very 

de f ined , stat ic source are of ten referred to 

as "house thermals" . They are very c o m m o n 

in the mounta ins , see picture 1.4. 

In the f la t lands, part icular ly on even 

g rounds , we may somet imes encounter 

"wander ing thermals" . These or ig inate 

in one p lace but are pushed by the w ind 

and cont inual ly fed f rom the w a r m air 

encoun te red by the the rma l as i t wande rs 

a long . 

Picture 1.13 Pulsating thermal. The wind comes 

from the right, which is also where the thermal is 

generated. The cu's dissolve downwind. If cros-

sing to this cloud we must aim for the little cloud 

on the right. 

Picture 1.14 Wandering thermal. The wind pushes 

the entire thermal along so that it continues to re-

ceive warm air influx from the ground downwind. 

After the thermal has passed it takes a while be-

fore the ground can feed another thermal. 
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Hint: 

W h e n a pulsat ing the rma l is be ing pushed 

by the w ind we f ind the next pulsat ion on 

the w i n d w a r d s ide of the prev ious one . In 

p ic ture 1.13 the left c loud is d isso lv ing and 

the r ight one is jus t fo rm ing - the best c l imb 

rates are to be found under the new c loud 

on the r ight. 

Thermals with several 

sources 

In moun ta in reg ions we of ten f ind ther-

mals feed ing f r om severa l heat sources on 

the g round . Th is is someth ing to have in 

mind dur ing the rma l -hun t ing so that we can 

opt imise our g l ide path acco rd ing l y . 

Picture 1.16 Two thermal cores joining. Above the 

joining the thermal generally gets stronger and, 

at least for the left pilot, much wider and easier 

to centre. In this particular case it is probably not 

necessary for the left pilot to switch to the right 

core, see hint below left. 

Picture 1.15 In this picture it is clear to see how 

the large cloud is being fed from several sources 

below. 

Hint: 

T h e right pi lot is c l imbing bet ter than the left 

one in p icture 1.16. T h e pilot in the left, w e a -

ker core must dec ide i f mov ing over to the 

co l league is wor thwh i le . Genera l ly th is is not 

the case as the loss of t ime/a l t i tude in the 

p rocess is high and we can never know how 

c lose we are to the jo in ing o f the the rma ls , 

w h e r e the weake r one wil l a lso get better. 

Exper ience : 

T h e sou th face o f the Laber near Garm isch 

in G e r m a n y is very thermal ly act ive but 

a lways in the lee and ve ry turbu lent due to 

the nor th w ind c a u s e d by the local A lp ine 

low pressure . T h e last t ime I f lew to the 

Laber I a imed for a smal l crest just south of 

the main peak instead of bat t l ing i t out in the 

lee. My little crest a lso p roduced a the rma l , 

wh i ch even jo ined the Laber the rma l once 

I got above the ma in peak, exact ly like it is 

dep ic ted in p icture 1.16. 



Thermal duration 

How long a the rma l rema ins act ive d e -

pends on several fac tors . In Europe we get 

the best cond i t ions fo l lowing a f resh inf lux 

of cold, unstable air m a s s e s , i.e. af ter a co ld 

front has passed th rough . In these cond i t i -

ons the thermals may begin as ear ly as 10 

o'clock AM in the summer . In the evening 

we expect the the rma l act iv i ty to shut d o w n 

one or two hours before sunset . 

Once the s u m m e r h igh-p ressure has sett-

led in it is c o m m o n to see a 1-2 hour shor-

tening of the usab le t ime range dur ing the 

day. This happens less in the spr ing due to 

Picture 1.17 Ground-level inversion in the autumn. 

The ground fog must evaporate before usable 

thermals form. The cu's on the right stem from 

thermals forming on the mountain slopes above 

the inversion and indicate good flying conditions 

as long as we stay high. 

Picture 1.18 In mountain regions the thermal acti-

vity begins earlier in the day than in the flatlands, 

and lasts longer into the evening. On east-facing 

rocky slopes they may begin very early whilst 

steep west-facing rocks may produce gentle lift 

surprisingly late. Here the Dolomites in Italy. 
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Picture 1.19 On sunny high-pressure summer days the thermal development in the flatlands is often in-

sufficient, whereas it may still be very good in the mountains. Notice the thick inversion over the flats. 

Picture shows the Isar valley foothills in Germany. 

the mo re f requent inf lux of co ld , unstable air 

g iv ing the the rma ls a boost . 

I f the oppos i te s i tuat ion, whe re the upper 

levels rece ive an inf lux of w a r m , s table air 

shou ld happen the the rma ls wil l shut d o w n 

ear l ier and genera l ly need a h igher excess 

tempera tu re to r ise, see picture 5.6. 

In mounta in val leys an invers ion fo rms 

overn ight due to the coo l ing of the g round -

Picture 1.20 The picture 

shows the Monte Avena 

launch above Feltre, Italy. 

Such extreme inversions 

effectively shut down all 

usable thermal activity. On 

this day we could barely re-

main airborne beneath the 

inversion but no thermals 

had the strength to punch 

through it. The thermal 

strength was comparable 

with picture 1.40. We later 

learned that the day had 

been really good in the high 

mountains, with thermal 

strength comparable with 

picture 1.38. 



level air (in the win ter th is can of ten be seen 

as ground fog). Th is invers ion prevents any 

thermals f rom fo rming at val ley bo t tom level 

until the sun has d isso lved it. Sunny s lopes 

above the inversion may p roduce usable 

thermals early in the day; see picture 1.17, 

but the good c l imbs only f o rm once the in -

version is gone. Older h igh-pressure s i tuat i -

ons may see the ground- leve l invers ion last 

well into the day. There is more abou t this in 

chapter 3, Inversions, f rom page 100. 

Thermal strength develop

ment during the day 

Glider pilots have set up a range of def in i -

tions for thermal s t rength . They apply to the 

large diameter c i rc les f lown by thermal l ing 

gliders, much larger than wha t we are ab le 

to do with our n imble aircraft . We can of ten 

stay in smal l , s t ronger co res and the g iven 

definitions are thus s o m e w h a t less useful 

for us. 

The fol lowing t imes app ly to the high s u m -

mer in mounta ins in tempera te reg ions. A s -

suming a recent inf lux of f resh co ld air m a s -

ses the thermals may begin to fo rm as ear ly 

as 8 or 8 .30AM, 

discernible by 

the little c louds 

forming over 

slopes fac ing 

east. To remain 

airborne we do 

however need 

something a 

little more sub -

stantial, and th is 

begins to be -

come avai lable 

around 10 to 

11AM. Anyone 

wishing to fly re -

cords should be 

on their way no 

later than 11AM, 

and beg inners w ish ing to learn thermal l ing 

are also adv ised to launch now. From noon 

the thermal deve lopmen t is at the most rel i -

ab le and the s t rongest t ime, be tween 1 and 

3 P M , is w h e n the XC pilot can real ly make 

s o m e d is tance - this is then a lso the t ime 

w h e n the condi t ions are most demand ing . 

From 4 P M we begin to not ice a weaken ing , 

mak ing the air su i table for beg inners once 

aga in , and f rom 6 P M the the rma ls b e c o m e 

weak enough that only exer ienced pi lots wil l 

usual ly remain f ly ing. T h o s e wil l then s o m e -

t imes be able to keep go ing until 8 P M . 

T h e fo l lowing va lues are mean t as a s u g -

gest ion only. 

W e a k condi t ions for c l imb rates up to 1m/s 

Med ium - for c l imb rates be tween 1 and 

3 m / s (200 - 600 f t /m in ) 

S t rong - be tween 3 and 5 m / s 

Very s t rong - be tween 5 and 8 m / s 

Ex t reme cond i t ions above 8 m / s ; va lues o f 

up to 15m/s have been reco rded ! 

Note : 1 m/s is approx . 2 0 0 f t /m in 

Picture 1.21 The first gentle wisps are beginning 

to appear, and the Swiss XC experts still have 30-

60 minutes to get prepared. Now is the ideal time 

for beginners to learn about thermal flight. 
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Illustration 1.22 Diagram of the thermal strength as a function of time in temperate regions, with all 

seasons given. The cu's above apply to the yellow summer curve. 

These va lues app ly to the peak var io rea-

d ings, of ten on ly seen for brief m o m e n t s d u -

ring thermal l ing . A the rma l averag ing 3 m / s 

over severa l minutes wil l sure ly have shown 

several peaks o f 6 - 8 m / s on the var io. 

Large the rma ls are genera l ly ca lmer and 

easier to co re than smal l ones , whe re even 

exper ienced pi lots of ten f ind themse lves fa l -

l ing out the s ide now and aga in . 

Convers ion tab le see page 2 1 . 

Exper ience : 

My o w n s t rongest c l imb ever w a s up to 12 Is, 

and in total I have had less than 10 the rma ls 

show ing more than 10m/s on my var io in 19 

years and more than 3 3 0 0 f l ights. 

Hint: 

S t rong the rma ls are genera l ly a lso more 

turbulent . Th is is the reason w h y i t is not 

r e c o m m e n d e d that beg inners fly dur ing the 

s t rongest t ime of the day. T h e best t ime to 

gather the first thermal exper ience is in the 

morn ings and late a f te rnoons . 
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Thermal strength over the 

seasons 

In spr ingt ime in tempera te zones the air 

is generally unstab le and the the rma l ac t i -

vity begins ear l ier in the day, a lmost as ear-

ly as in summer. Due to the lower ang le of 

the sun i t does however shut d o w n one or 

two hours ear l ier - Apr i l in the A lps sees 

the last thermal act iv i ty a round 6 P M . In the 

autumn the the rma ls begin 1-2 hours later 

than in summer, and end as ear ly as one 

Picture 1.23 Winter thermalling: Sadly a rare oc-

currence, and a weak one too. Generally encoun-

tered over snow-free south facing slopes. In ex-

tremely cold and unstable air winter thermals may 

however form even over snow-clad forest slopes. 

or two hours before sunset . If any the rma ls 

form during the A lp ine w in ter i t wil l normal ly 

only be at the height of the day, i.e. a round 

12.30 to 2 P M . 

Winter therma ls are a lmos t a lways very 

weak, whereas the spr ing the rma ls are re-

nowned for their intensity. Th is is due to the 

generally co ld air m a s s present , w h e r e even 

modest amoun ts of sun can cause a huge 

temperature d i f fe rence, see picture 1.26. 

This in turn makes the spr ing t ime into the 

most virulent and demand ing season to fly, 

not to ment ion the ex t reme co ld genera l ly 

experienced at an al t i tude th is t ime of year. 

On Apri l 20 th the days are about as long 

as on August 20 th . An analys is of the XC 

flights under taken th roughou t the year 

shows that the longest f l ights in Europe are 

Picture 1.24 Spring thermalling: Much more com-

mon and always a cold experience. The cloud base 

is high, and the thermals are strong and rough. 

The picture shows the Ahrntal in Alto Adige, Italy. 

also f lown dur ing th is t ime span . From Apr i l 

till June the thermals are s t rong and tu rbu -

lent, f r om June this tu rbu lence dec reases 

and in Augus t the the rma ls are genera l ly 

relat ively weak aga in . Th is does not h o w e -

ver ful ly apply to centra l mounta in reg ions 

like the inner A lps , w h e r e the s t rength and 

tu rbu lence only dec reases in September , or 

in p laces like the Do lomi tes w h e r e i t may 

cont inue into October. In late au tumn the 

the rma l act iv i ty is low eve rywhere . 

Increasing stability as the 

year passes 

By Volker Schwan iz 

Exper ienced pi lots know i t we l l ; the best 

the rma ls are to be found dur ing spr ing t ime. 

A n d this in spi te of the fact that the s u m m e r 

has far h igher tempera tu res and a lso more 

sunl ight . So how can i t be? T h e key to u n -

ders tand ing this is insight into the deve lop-

ment of the tempera tu re at a l t i tude dur ing 

the year - because a d i f fe rence in t empe ra -

ture be tween g round level and h igher levels 

is a prerequis i te for the rma l deve lopment . 

T h e o range g raph s h o w s the number o f 

poss ib le sunl ight hours ( indicat ing the pos -

sible g round heat ing effect) dur ing the course 

of the year. In the nor thern hemisphere the 



Picture 1.25 Autumn thermalling: Often gentler, weaker, strongest in central mountain regions. In the flatlands 

generally too weak to use. The picture shows a pilot climbing above peak altitude in front of the Drei Zinnen 

(Three Peaks) in the Italian Dolomites. The fog-clad valley in the background is the Hochpustertal in Austria. 

m a x i m u m is reached on June 21st, and the 

m in imum on D e c e m b e r 21st. T h e black 

g raph , and the blue area benea th it, show 

the average tempera tu re a t 1 5 0 0 m NN in 

the A lp ine reg ion. T h e hor izonta l paral lel 

of fset of the t w o g raphs makes i t beaut i fu l ly 

c lear that the year ly heat ing of the ent i re air 

mass is lagging beh ind the m a x i m u m ava i -

lable sunl ight , and the excess energy thus 

avai lable is greatest in the spr ing (the ye l low 

area) . Th is equa ls s t ronger the rma ls ! 

T e m p e r a t u r (°C) 

in 1 5 0 0 m ASL Coordinates 4 7 , 5 N / 10E 

Sun lit hours 

OCT NOV DEC 

Illustration 1.26 

Temperature deve-

lopment at 1500m 

ASL and sunlight 

hours as function 

of time around Arl-

berg/Austria. The 

temperature (blue 

area) lags behind 

the sunlight in 

the spring (yellow 

area) but is ahead 

in the autumn, 

which causes the 

increasing stabili-

ty that we observe 

during the course 

of the year. Illus-

tration by Volker 

Schwaniz. 
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At the height of s u m m e r the intensi ty of 

the sunlight begins to w e a k e n but the t e m -

perature at al t i tude still r ises for qui te s o m e 

time, and this is exact ly the cause for the 

increasing stabi l i ty; for w h e n the intensi ty of 

the sunlight dec reases but the increase of 

temperature at al t i tude cont inues we have 

two factors, both cont r ibut ing to the w e a k e -

ning of the thermal act ivi ty, both act ive at 

once. And a l though our senses tell us that 

we're right in the midd le of the w a r m season , 

the place where the g raphs meet is a l ready 

behind us and the p remises for the deve -

lopment of high and s t rong the rma ls have 

already deter iorated s igni f icant ly wi th in a 

very short t ime span . 

If a h igh-pressure s i tuat ion sets in we get 

an additional s table air mass wi th little t e m -

perature d i f ference f r om g round level and 

up, which only ads to the negat ive equat ion . 

And finally the w a r m s u m m e r air can c o n -

tain much more humidi ty , wh i ch increases 

the risk of thunders to rms deve lop ing 

Picture 1.27 Oily Rossel in Greifenburg, Austria. 

Why is cold air more unstab

le than warm air? 

The stabi l i ty of a g iven air mass does not 

depend pr imar i ly on the tempera tu re , but on 

the tempera tu re gradient . T h e tempera tu re 

gradient indicates the dec rease in t empe ra -

ture as funct ion of a l t i tude, see a lso chap -

ter 9. However, the tempera tu re itself a lso 

plays a role: 

W a r m air can conta in more humid i ty than 

cold air. W h e n heat ing the air, the water 

vapour conta ined here in must a lso be hea-

ted , and this p rocess requi res more energy. 

The energy thus spent is not avai lable for 

heat ing the air, wh ich m e a n s that humid air 

heats s lower than dry air. Th is is one of the 

reasons w h y the spr ing the rma ls are bet-

ter and s t ronger - the air that f o rms them 

conta ins less humid i ty and can be heated 

quicker. 

But accord ing to Volker Schwan iz the 

main reason w h y w a r m air impedes thermal 

deve lopment is the fact that the t empera tu -

re grad ient is less p ronounced . A layer of 

w a r m , humid air lies on top of the g round 

layer and ef fect ively s tops the the rma ls be-

fore they get go ing . 

Visualising thermals 

To bad that air is invisible, no matter if could 

or w a r m . So to get the most of the condi t ions 

we need to be able to build a mental picture 

of the thermal we're circl ing in, to visual ise it 

in our minds, see picture 1.4. 

S o m e thermals are very large and may 

even be k i lometres long, for examp le under 

long c loud st reets. O thers are smal l , narrow, 

or m a d e up of several co res each show ing 

signi f icant ly di f ferent c l imb rates. In the next 

pages we'l l be show ing a number of d i f fe-

rent thermal s t ructures, to help you in your 

o w n v isual isat ion p rocess . 



Picture 1.28 Four cumulus clouds forming. The ring shape indicates the presence of a vortex structure. 

The vortex structure of 

thermals 

S m o k e r ings b lown by c igaret te a f ic iona-

dos give a good v isual c lue as to the s t ruc-

ture of the rma l vor t i ces . 

We know f rom exper ience that the the rma l 

is several t imes s t ronger in its core than c lo -

ser to the edges . W h y is that so? To expla in 

it, the vor tex-s t ruc ture theory w a s deve lo -

ped . T h e accuracy o f the theory can be af-

f i rmed of ten enough th rough observa t ions : 

W h e n the the rma l r ises the f r ic t ion against 

the sur round ing air s lows i t d o w n a long the 

edges . Th is sets off a rotat ing movemen t 

f rom the inside out, like w h e n we turn out a 

sock. T h e s e vor t i ces may be obse rved both 

in the rma l bubb les and in the rma l co lumns . 

Convers ion tab le see page 2 1 . 

Note : 1 m/s is approx . 2 0 0 f t /m in 

Exper ience : 

I had the mos t amaz ing exper ience sur f ing 

a vor tex r ing in a very s t rong the rma l once . 

I w a s go ing up at 9 + m / s on a no -w ind day, 

and sudden ly real ised by look ing a t my G P S 

that my fo rward speed had gone to ze ro ! A t 

the t ime I w a s th ink ing hard abou t whe re that 

very s t rong headw ind had sudden ly c o m e 

f rom, but today I real ise that I w a s s imply 

at the apex of the vor tex r ing, point ing r ight 

into the out f lowing air (see i l lustrat ion 1.29, 

pilot B). I eventual ly m a d e 1 5 0 0 m ver t ica l ly 

in very little t ime, f ly ing stra ight and rema i -

ning pract ical ly on the spot ! Impress ive ! 



///. 1.29 The vortex structure of thermals; an examp-

le of how an idealised thermal could look if only we 

could see it. The net climb rate of the entire thermal 

may be 2m/s but in the core, by „A", we may expe-

rience 4m/s whereas the edges get only 1m/s. The 

horizontal component by „B" can be surprisingly 

strong - up to 30km/h in my experience. 

Lets look at the s ign i f i cance of this vor tex-

ring s t ructure for the pi lots A to E: 

Pilot A is in the core and c l imbing tw ice 

as fast as pilot B, w h o is at the apex of the 

cl imb. O n c e pilot A ca tches up wi th B they 

will cont inue wi th ident ical c l imb rates. 

Pilot B is f ly ing against the 

head w ind caused by the 

vor tex r ing. If he's car ry ing 

a G P S he may not ice that 

his g round speed is lower 

than i t w a s shor t ly before. 

I f he f l ies over the centre of 

the core he'll sudden ly have 

a ta i lw ind comb ined wi th lo-

we r c l imb rates. It is poss ib-

le to sense the accelerat ion 

w h e n mov ing over the core 

and into the ta i lw ind, and the 

pilot shou ld turn immediate ly 

to s tay in the core and ma-

x imise his c l imb. T h e core 

of the vor tex r ing is rather 

turbu lent and the pilot must 

cont inuous ly respond to the 

pi tching of his w ing and car-

ry out ad jus tments to remain 

in the s t rongest lift. / 

Pilot C is still above the 

the rma l . On ly w h e n he d e -

scended d o w n to the level, 

and i t has c l imbed up to 

meet h im, may he c o m -

m e n c e thermal l ing and ga i -

ning al t i tude. 

Pilot D has fal len out of 

the s ide of the thermal and 

is head ing away. Prov ided 

he's car ry ing a G P S he may 

not ice his g round speed p i -

ck ing up whi ls t his descent 

rate is a lso increas ing. 

Pilot E is approach ing the the rma l low 

d o w n . He has a ta i lw ind and a l ready shou ld 

see reduced descen t - he's pract ical ly being 

sucked into the the rma l . 

The example above shows how important 

i t is for each of us to a lways t ry to build up 

a mental picture of the thermal we're in; to 

visual ise it. Only by doing so may we under-

stand what is going on all the t ime in relati-

on to wh ich part of the thermal we're in, and 

make the most out of it. This also al lows us to 

re-enter the core quicker in case we loose it. 
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Hint: 

I f I'm f ly ing stra ight and sudden ly feel an in-

c reased dri f t t owards one s ide, m a y b e even 

comb ined w i th reduced s ink ing, I a lways fo l -

low the dri f t immediate ly . C h a n c e s are I'll f ly 

r ight into a the rma l , jus t like pilot E is about 

to do. 

Picture 1.30 An example of a cloud under which 

we may often encounter vortex rings. Chances 

are they'll be isolated and small. 

The tail end of an isolated 

vortex ring rising 

Lets imagine two pilots t ry ing to exploit the 

lower end of a thermal bubble rising as a 

vortex structure; one is 5 0 m lower and soon 

gets left behind by the bubble, wh ich due to 

his sinking through the surrounding air mass 

is a lways rising faster than h im. But the other 

pilot w h o is 5 0 m higher makes i t into the cen -

tre of the vortex r ing, where the rising air is 

accelerated by the vortex structure. In spite 

of the thermal bubble rising wi th 1m/s (200f t / 

min) the centre is producing cl imb rates of 

2m/s wh ich just ba lances out the descent of 

the paraglider. If it wasn ' t for this effect, and 

assuming a min descent of -1m/s, the upper 

pilot wou ld descend out of the bot tom of the 

thermal bubble in 50 seconds (he w a s 5 0 m 

higher than his buddy) - but instead he goes 

wi th i t all the way to c loud base ! 

Picture 1.31 A cloud showing classic vortex sha-

pe. By looking at such clouds we may learn a lot 

about the structure of the invisible thermals. 

Illustration 1.32 A thermal bubble rising. The lo-

wer pilot looses it early on, and searches in vain 

for the now much higher thermal. The upper pi-

lot just makes it into the centre of the vortex ring, 

where he manages to remain. The lower pilot can 

only watch as his buddy becomes smaller and 

smaller. 

Within the thermal are several "hotspots" where 

the lift may be even better. 



Illustration 1.33 These pictures were produced by 

the University of Stanford in California. They show 

oil being heated by a hot plate, with "thermals" 

rising from the bottom. The photo above shows 

the ideal situation, with beautifully formed and re-

gular shapes. The lower picture shows the same 

situation but now the hot plate has been turned up 

too high; the "thermals" rise too fast and in a cha-

otic manner. This compares well to lee thermals 

or to airmasses where the temperature gradient is 

too high, see also page 219: A temperature gradi-

ent of minus 0.9 - 1.0 deg/100m. 

Illustration 1.34 In this enlargement the vortex 

structure is particularly visible. 

r • \ 

Hint: 

Vor tex r ings are c o m m o n p l a c e a m o n g iso-

lated thermals w i th na r row cores . W h e n the 

thermals g row large, as they do under c loud 

st reets etc. the s t ructure is rare. 

Sinking air surrounding the 

thermals 
The good pilot is a lways t ry ing to wo rk out 

whe re in the the rma l he wil l be. The air itself 

of fers s o m e va luab le c lues here. 

Up h igh, and right on the outs ide of the 

therma l , we f ind not only inc reased des -

cent but a lso a drift away f rom the the rma l . 

To f ind i t we need to turn aga ins t the drift. 

D o w n low the s i tuat ion is inversed; the ther-

mal sucks in sur round ing air, wh i ch resul ts 

in a light drift towards the lift comb ined wi th 

sl ight ly reduced descent . 

Illustration 1.35 Air movements around a thermal: 

The higher hang glider is experiencing increased 

descent rates and a light tailwind component, whe-

reas the lower one is being sucked in by the thermal. 
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Researching thermals 

Scientific app roaches to the measu remen t 

of thermals have of ten shown far more c o m -

plex patterns than wha t we see in i l lustrat ion 

1.35. If we look at I l lustrat ion 1.37 we can 

see an example of a the rma l spl i t t ing up into 

two cores, w h e r e one reaches all the w a y to 

the cloud base w h e r e a s the other s u d d e n -

ly stops. The reason is l ikely l inked to the 

sinking air sur round ing the the rma l , whe re 

a part of it has m a n a g e d to w e d g e into the 

lifting air and put t ing a lid on s o m e of it. 

The paragl ider in the i l lustrat ion is not too 

far from the still c l imbing hang glider. The 

former may think that he's cont inual ly d rop -

ping out of the s ide of the the rma l but in re-

ality his core has s topped c l imb ing. His best 

approach is to move over to the hang glider, 

now above him, and cont inue cl imbing there. 

Illustration 1.37 Sketch of a real thermal as it was 

determined during a test flight, with wings added 

for illustrative purposes. The hang glider has cen-

tred the better core whilst the paraglider is in a 

dead end. The picture on the right matches the 

illustration well - good for visualising what hap-

pens. 

Hint: 

W h e n e v e r I see proper cumu lus c louds 

above me I know that there 's a w a y to get up 

there. So w h e n I f ind myse l f in a dead end 

like the paragl ider in i l lustrat ion 1.37 I s imply 

increase my turn ing radius until I r e e n c o u n -

ter the good core. 

I like f ly ing a lone a lot, but there 's no argu ing 

that explo i t ing dif f icult the rma ls like the ones 

shown here is m u c h eas ier w h e n f ly ing in a 

gagg le . 

Illustration 1.36 A thermal moving through a wind 

shear. Anyone remaining in the right hand side will 

not be able to climb to the cloud base, as the thermal 

has been pushed to the side. By moving over to the 

hang glider the paraglider may still continue to climb. 

If we're alone, without other pilots around to show the 

lifting air, it pays to increase the centring radius in the 

direction of the drift. 
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The influence of airmass 

(in)stability on thermal strength 

We have seen that the avai lable instabil i ty 

of a given a i rmass inf luences how high the 

thermals may go. But i t a lso dictates the 

strength of the thermals , and whe re the best 

c l imbing may be found. 

Thermal strength (red line) as a function of altitude. The further away from the Y-axis of the coordinate 

system (left picture border) the stronger the thermal. 

L Thermal strength 

Illustration 1.38 The airmass is 

basically unstable, but there's 

a high inversion laying a lid on 

things (see the red graph, indi-

cating the temperature decrease 

with altitude). From experience 

we know that the thermal rea-

ches its peak climb values in 

the upper third. Shortly before 

reaching cloud base the ther-

mal looses its momentum, and 

getting all the way to cloud base 

is a patience-game. That's why 

the risk of getting sucked in this 

scenario in minimal. This is the 

most common situation in the 

Alps. 

Illustration 1.39 The situation 

shown here is the 2nd most com-

mon one in the Alps; the instabili-

ty continues way above the cloud 

base, which means that there's 

no inversion stopping the ther-

mals from rising high. The climb 

rates continue to improve all the 

way to the cloud base and the 

clouds grow very big. It is easy 

to get sucked into the clouds and 

pilots should attempt to move to 

the edge of the climb well before 

reaching the cloud base (see the 

green line). Once at cloud base it 

is easy to move away just as the 

first wisps of a cloud begin to ap-

lllustration 1.40 A stable air-

mass. The air is indifferently 

warm both high and low. If the 

sun is strong thermals may still 

form, but the stable air soon 

stops them. Birds still manage to 

get decent flights but they never 

get up very high. 

Illustration 1.41 Dampening of the thermal under a small cumulus cloud. The cloud is surrounded by 

cold sinking air. As it sinks this air warms up around +1°C/100m, or somewhat more than the rising air 

inside the cloud cools down (-0.65°C/100m), see also chapter 9. The warmer air sinking down around the 

thermal slows it down to the extent that the cloud base may remain out of reach for the pilot beneath! 

After V. Schwaniz. 





Thermal development in 

stable air 

It is like magic: Cold 

advection ... 

T h e sun is s t rong, but the the rma ls still 

won ' t real ly f o rm - a typ ica l scenar io in the 

late s u m m e r or ear ly au tumn, w h e n a h igh-

pressure sys tem has been s ta t ionary for a 

f ew days (I l lustrat ion 1.40). Gl id ing c lose 

to the val ley f loor we sudden ly encounter a 

smal l , turbu lent the rma l that is very hard to 

cent re and only de lays the inevi table for a 

f ew m o m e n t s - and the c l imb rates de ter i -

orate rapidly wi th the few met res of height 

gain we m a n a g e to make ; a c lass ic stat of 

af fa i rs on a s tab le day. Such days are re-

ally not very sat is fy ing; the overheated air 

punches little the rma ls up that qu ick ly loo-

se m o m e n t u m , only manag ing to stir up the 

air in an unp leasant way, enough to make i t 

turbulent but never enough to get up h igh. 

Picture 1.20 shows such a day. 

Hint: 

Fly ing accord ing to the day qual i ty 

On days w h e n the the rma ls increase in 

s t rength all the w a y to the c loud base I a l -

w a y s t ry to remain as h igh as possib le. 

On the more c o m m o n days w h e r e the ther-

mal w e a k e n s a little r ight be low c loud base 

I on ly bother to go all the way up if I have a 

w ide val ley c ross ing ahead of me - o the rw i -

se I leave the the rma ls as they g row weake r 

and push on . 

The re are a lso days w h e r e the the rma ls are 

g o o d d o w n low, then a round a cer ta in al t i -

tude they get b u m p y and weak , and above 

this layer they increase aga in . T h e s e days 

are easi ly recogn ised f rom the t empera tu -

re grad ient pr intouts (Chapter 9) . On such 

days I t ry hard to remain above the invers ion 

caus ing the s l owdown as every visit be low 

costs too m u c h in t ime and tens ion batte l ing 

my w a y back up. 

If the s ta t ionary high pressure is coming 

under the in f luence of a co ld advect ion, whe-

re coo ler air is push ing in at h igher levels to 

rep lace the w a r m air present , the entire air-

mass b e c o m e s less stable and the thermal 

qual i ty improves. If the inf lux of co ld air per-

sists into the even ing we can have fantastic 

even ing f l ights w h e r e the high peaks keep 

produc ing good the rma ls until sunset . 

How to recognise cold 

advection? 

In the Nor the rn hemisphere the high level 

w ind is normal ly turn ing 2 0 - 3 0 " more to the 

right, in mounta ins even 3 0 - 4 0 ° , compared 

to the g round level w inds . Th is is due to 

g round f r ic t ion. But w h e n there's a cold 

advect ion happen ing the s i tuat ion reverses 

- the high level w inds are turn ing to the left 

instead (it wo rks v ice ve rsa in the Southern 

hemisphere ) . By watch ing the high clouds 

we can learn to ident i fy such a s i tuat ion. In 

the A lps i t is c o m m o n wi th easter ly winds, 

w h e r e the air inf lux is f rom the Nor th and 

genera l ly cooler. 

Picture 1.42 Cold advection: When the high-alti-

tude winds suddenly turn counter-clockwise (as opposed to the normal1 clockwise turning) we know that 

there is cold air flowing into the area up high. This means unstable air and good thermal development. We 

recognise it by comparing the drift of the high cirrus clouds with the ground wind. In this picture the pilot 

in launching from Mount Lema in Switzerland, cirrus clouds in the background. 
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Hint: 

Cross Country beg inners shou ld a lways t ry 

to remain as high as poss ib le ( r emember 

to check if there are a i rspace regulat ions in 

your area). Do ing so pro longs the f l ight and 

leaves more t ime for learn ing. 

Heinz Huth is a doub le Wor ld C h a m p i o n g l i -

der pilot. He has n a m e d it t he rma l hunt ing 

according to the Huth Mode l , or the "Forest 

Theory". 

He compares the nov ice the rma l chaser to 

a person running th rough the forest b l indfo l -

ded. Every once in a wh i le the person runs 

into a tree - some t imes a big one , somet i -

mes a smal ler one . For tunate ly the the rma l 

development in the moun ta ins is a great 

deal more pred ic tab le than that, and ac-

complished f la t land pi lots even learn to read 

the terrain and the c louds to the extent that 

at least part of their b l indfo ld c o m e s d o w n . 

Picture 1.44 High-Alpine flying near Fiesch, Swit-

zerland. Plenty of big and strong thermals, but 

also smaller/weaker ones in between. If the pilot 

is in a hurry and has the skills he only uses the 

strong ones, but a novice or someone just out to 

enjoy the views should take every climb he finds. 

Hint: 

Exper ience has taught me that the rma ls wil l 

o f ten show a great dea l of s imi lar i ty on any 

g iven day; i f the last the rma l w a s improv ing 

all the w a y to c loud base chances are that 

the next one wil l be exact ly the s a m e . 

Picture 1.43 Flatland flying. The photo shows a planned route for a flight near Munich in Germany. 

The pilot takes every thermal as high as he can - in the flats staying high is even more important than in 

the mountains, where a ridge facing into the valley wind can often save the low pilot from a premature lan-

ding. This is 

almost never 

possible in 

flatland flying, 

which means 

that a lost 

thermal MUST 

be found 

again becau-

se we cannot 

just fly to the 

next expected 

lift zone - un-

less of course 

we can see 

other pilots, 

or birds, ther-

malling better 

within gliding 

distance. 



Thermal spacing in the 

flatlands 

Pract ical su rveys have s h o w n that an ave -

rage therma l has a d iameter of app rox ima-

tely 1 0 0 0 m up high - easy e n o u g h to stay 

in! But the core , w h e r e the c l imbing is good , 

is much smal ler, maybe 5 0 - 1 0 0 m across or 

even less. T h e d is tance be tween therma ls 

in un i form f lat land is genera l ly 2 .5xheight , 

wh ich t rans lates into the fo l lowing little rule 

o f t humb : T h e higher the c loud base, the 

fur ther to the next t he rma l ! Smal le r the rma ls 

be tween the proper ones may be found , but 

they of ten don' t make i t all the w a y to c loud 

base. 

All these va lues apply to the h o m o g e n o u s 

g round on no -w ind days . As soon as there 

is w ind the p icture b e c o m e s less schemat ic , 

and f rom only 15km/h w ind lift bands, c l oud -

streets may beg in to f o rm . 

2,5*h 2,5*h 

h 

mm 
Picture 1.45 The distance between flatland 

thermals is generally assumed to be 2.5x their 

height above ground. 

Rotating thermals 

Cont ra ry to popular bel ief the the rma l ro-

tat ing d i rect ion is not def ined by the coreol is 

force. The rma l s wil l o f ten rotate, but in ran-

d o m di rect ion. 

Exper ience : 

I exper ienced a per fect examp le of a rota-

t ing thermal in Bassano , Italy once : I was 

thermal l ing in a beaut i fu l 3 m / s the rma l , tur-

ning left. A little leaf popped up next to me, 

a lso spiral l ing left. I increased my radius and 

kept the leaf in s ight on my left w ingt ip , and 

"we" cont inued to thermal together. But the 

leaf w a s c l imbing about a metre/c i rc le faster 

than me and soon left me beh ind . T h e expe-

r ience showed c lear ly how therma ls are so-

met imes not only rotat ing inside out (page 

40) but a lso a round themse lves vert ical ly. 

A second incident happened in Val le de A b -

dalaj is in Spa in . A number of plast ic bags 

had been b lown together by the w ind on a 

little ga rbage dump, and the the rma l t r igge-

red right off the crest of the dump, suck ing 

in all the plast ic bags. It w a s beaut i fu l to 

wa tch the many co lour fu l bags danc ing left 

as they ascended . 

Hint: 

Dustdevi ls show the the rma l rotat ion very 

clearly. 

Picture 1.46 Dustdevils are rotating thermals being 

born. The picture shows the Babadag launch in 

Oludeniz/Turkey. Empirical studies confirm that 

they turn randomly left or right everywhere on the 

Planet. 



Hint: 

Some experienced pi lots have specu la ted 

that thermalling against the the rma l rotat ion 

will improve cl imb rates. If th is is t rue then 

we need to be able to d iscern the rotat ion 

of a thermal before jo in ing it. T h e f ly ing m e -

teorologist Sven Ploger has presented a 

usable hypothesis for mounta in cond i t ions: 

The rotation is de te rmined by the re lease 

impulse. An example cou ld be a w a r m air 

bubble lying at the bo t tom of a N-S o r ien -

ted valley, wi th the val ley w ind b lowing f rom 

the north. Accord ing to th is theory the rma ls 

triggered near the wes t s ide of the val ley 

or on the western s lopes wil l rotate c lock-

wise, respectively coun te r -c lockw ise on the 

east side. I have yet to ver i fy th is hypothes is 

but will be observ ing it carefu l ly to see if it 

holds. 

Exper ience : 

Peter Kars ten is a f r iend w h o has an of f ice 

w i n d o w fac ing a popu lar "house the rma l " 

o f ten f i l led wi th buzzards . Ever s ince 

reading the first ed i t ion of my book he set 

out to ascer ta in whe the r acknow ledged 

exper ts like the buzzards had a preferred 

turn d i rect ion. In one year of s tud ies he was 

unable to obse rve any tendency ei ther way 

- indeed the buzzards wou ld of ten reverse 

the i r tu rn d i rec t ion ! But i remain unconv inced 

that there is no benef i t to turn ing against the 

f low in the rma ls , and wil l keep research ing 

the sub ject ! 

Picture 1.47 Sven Plogers thermal rotation hypothesis: The triggering impulse determines the rotation 

direction so that when, in this example, the wind sets off a thermal on the far side of the valley this thermal 

rotates clockwise whereas on this side it will rotate counter-clockwise. Sillian, Austria. 



A 

Thermal lifespan 

T h e photo ser ies shows a cumu lus c loud 

indicat ing the life of a the rma l . T h e w ind 

pushes the w a r m air towards a t r igger ing 

g round feature (here it is a forest edge) and 

it sets off as a the rma l . A smal l cu is f o rmed . 

T h e cu g rows as the warm-a i r inf lux f rom be -

low increases, and eventual ly a semb lance 

of a de f ined c loud base is reached . Af ter a 

wh i le the c loud beg ins to d iss ipate, and later 

it is comple te ly gone - the ent ire life span 

of a the rma l m a d e vis ible. Not ice that the 

c loud looks simi lar in the fo rming and the 

d iss ipat ing phase - but f ly ing under it is very 

di f ferent, as a d iss ipat ing c loud has only in-

c reased descend ing beneath it. As pi lots we 

wan t to avoid head ing for d iss ipat ing c louds 

and thus we need to obse rve our su r roun -

d ings to be able to d iscern wh ich c louds are 

fo rming and wh ich are d iss ipat ing. 

Picture series 1.48 Six pictures showing the life span 

of a cumulus cloud. In the first frame the cloud is just 

beginning to form, from picture 4 it is decaying again. 

It only pays to head for developing cu's as decaying 

clouds indicate nothing but increased descending. From the first to the last photo app. 10 minutes went by. 

Hint: 

It is very dif f icult to assess c louds that are 

still f o rm ing . My prefer red techn ique is the 

fo l lowing: Wh i le thermal l ing I a lways watch 

the c louds in the d i rect ion that I'm going. A 

full c ircle takes about 15-20 seconds , and 

every t ime I have the c loud right in front of 

me I obse rve i t briefly. A f te r 4 - 6 looks span-

ning a few minutes I have a good idea of 

wha t the c loud is do ing - m u c h better than if 

I had been wa tch ing the c loud continuously 

dur ing the s a m e t ime. Don' t th ink that this is 

easy t hough ; the more c louds surrounding 

you , the harder i t gets to p inpoint the inte-

rest ing, g rowing ones ! 

Hint: 

Obse rve your sur round ing continuously 

whi ls t f ly ing. On ly by do ing so you can build 

a p icture wh ich of the cu's a round you are 

bui ld ing up and wh ich are d iss ipat ing. Track 

their deve lopmen t to get an idea of the life 

span o f the the rma ls , and wh ich ones have 

a l ready been act ive so long that f ly ing to 

t hem doesn ' t make sense . 





Wind influence on 

thermals 

W h e n the air is unstab le and the sun is 

s t rong, g o o d bubb les o f w a r m air f o rm , to 

r ise as the rma ls . O n c e they begin r ising 

their path th rough the air is dec ided by the 

w ind - the s t ronger the w i n d , the more they 

drift. W h e n we app roach a c loud expect ing 

to f ind lift benea th i t we must take this drift 

into accoun t . 

Illustration 1.49 

Thermal drift. The arrows on the right show the 

wind direction and strength - notice the increase 

with altitude. Low down where the wind is weak 

there is little drift and the thermal rises almost 

vertically. Up higher the wind increases and the 

thermal drifts with it - in this case at the altitude 

where the paraglider is. To remain in the thermal 

the pilots must follow the drift towards the right, 

or they fall out on the windward side. 

Picture 1.50 This picture shows how the thermal 

drift increases with altitude. In the middle we can 

see a clear drift towards the left. 

Large w a r m air bubb les can on ly form 

w h e n they are relat ively und is turbed by 

w ind . Th is is the reason w h y leeside ther-

mals are of ten s t ronger ; they f o rm in the 

lee whe re they are und is turbed by the wind, 

and thus t r igger later than the rma ls coming 

off the w indward s ide. 

From w ind s t rengths a round 2 5 k m / h the 

w a r m air is cont inual ly d is turbed and tr ig-

ge red into r is ing as undef ined bubb les of 

lift, hardly usab le by paragl ider and hang 

g l iders at least d o w n low. Up h igher the 

bubb les jo in into more def ined therma ls , a l -

lowing therma l f l ights even at s t rong winds. 

However get t ing up there f r om a w inch tow 

for examp le is genera l ly rather diff icult. 

Hang gl iders be ing towed up by an ultral ight 

aircraft have a def in i te advan tage here. 

Flying in mounta in reg ions at such w ind 

speeds is not r e c o m m e n d e d . T h e lee side 

of crests and r idges wil l p roduce very unp le-

asant and dangerous tu rbu lence . 

In the f la t lands we may still ca r ry out ther-

mal f l ights a t such w indspeeds , because 

smal l local lees caused by hil ls, v i l lages, 

forests etc. a l low the the rma ls t ime to fo rm 

and turn into usab le lift. I f the g round level 

w ind is s t rong the the rma ls of ten don' t t r ig -

ger off their source but are pushed to more 

obv ious t r igger points, like forest edges , r i -

vers , hills or even power l ines. 



Hint: 

If the wind speeds increase dramat ica l ly 

with altitude (more than 2 0 k m / h per 1000m) 

the thermals wil l be st i r red to such an extent 

that flying for all pract ical pu rposes wil l be -

come impossib le. On such days i t is better 

to remain on the g round . 

Thermal drift over crests 

The next i l lustrat ion shows the the rma l 

drift over the ter ra in . Low d o w n the w a r m 

air follows the s lope in an anabat ic f low, as 

seen in picture 1.5. Over the first crest the 

thermal is pushed still fu r ther r ight by the 

wind, note that s t rong the rma ls are pushed 

less than w e a k ones ! 

Picture 1.51 The normal wind- and thermal situ-

ation along the terrain when the wind is onto the 

slope. To avoid dropping out of the thermal when 

reaching the first crest the pilot must concentra-

te! Once higher he can allow himself to drift over 

to the higher ridge and either soar up or continue 

thermalling. 

Hint: 

T h e s a m e s lope may p roduce both weak 

and s t rong therma ls . To avoid the risk of 

get t ing b lown back into the lee i t is best to 

concent ra te on the s t ronger ones . W h e n 

thermal l ing in s t rong w inds it is impor tant 

to a lways remain near the w indward edge, 

as d ropp ing out here only causes us to de -

scend back into the the rma l , whereas d rop-

ping out on the lee s ide cou ld mean sl iding 

d o w n the backs ide of the thermal unable to 

reenter due to lack of g round speed . More 

on this in chapter 8. 

I f the p lateau beh ind the f irst crest has lan-

d ing opt ions we may opt to t ry cor ing even 

weake r therma ls , thereby consc ious ly r is-

k ing a p remature p lateau land ing. 

Illustration 1.52 This frame shows the problem 

from 1.51 even more clearly. The pilot on the right 

is thermalling near the windward side of the ther-

mal whereas the left pilot tried to push back to the 

high terrain too early and now has to cope with a 

plateau landing in turbulent conditions. 



Chapter 2: Thermal generators 

and triggers 

I o f ten see pi lots search ing a round for 

the rma ls in wha t I cons ider unl ikely p laces, 

and pi lots a lso of ten ask me w h y I have 

f lown to a par t icu lar spot to search . W h e n e -

ver the latter happens I have to stop mysel f 

f r om s imply say ing someth ing like "it looked 

good" . In fact , wha t makes a speci f ic point 

in nature look "bet ter" than all the potent ial 

locat ions a round it is a comp lex matter, and 

com ing to a conc lus ion happens on ly via 

numerous de l iberat ions. In the beg inn ing 

these are all consc ious but w i th exper ience 

b e c o m e increasingly subconsc ious until we 

cannot even say wha t caused us to f ly there 

anymore ! 

Whi ls t learn ing we need to cons ider the 

fo l lowing th ings: 

• W h i c h so i l /g round heats wel l? 

• W h e r e wou ld a the rma l , com ing f rom that 

patch of g round , f low tak ing into cons idera -

t ion the w ind and the terra in? 

We have learnt that the rma ls happen be -

cause the sun heats the g round , and the 

g round heats the air above it. Now let us 

take that one s tep further. 

Albedovalue, a measure for the 

"heat-ability" of the soil 

T h e a lbedo va lue ind icates how much 

of the sun's rays are ref lected by a given 

mater ia l . The h igher the a lbedo va lue, the 

wo rse for the rma l deve lopmen t because 

all the energy is ref lected and not enough 

l ingers to heat up the soi l . 

But the a lbedo va lue a lone isn't the whole 

story. If the soil is soaked wi th water, energy 

must f irst be spent on evapora t ion before 

the heat ing can get u n d e r w a y . Th is process 

uses up a lot of energy, wh i ch then isn't 

avai lable for thermal genera t ion . 

Finally a porous soil conta in ing lots of air 

heats more easi ly than a more compac t 

one. 

Picture 2.1 A very clearly marked thermal trigger 

point, the saddle above Schnalstal in the Itali-

an Alps. Generally the ridgeline will trigger the 

thermal (as seen in picture 1.4) but with a bowl 

like this facing right into the sun the areas right 

or left, depending on the wind direction, are also 

very good. In the middle of the bowl we can expect 

increased descent values. 



Table 2.2 Albedo values for 

different soils 

Surface 

Dry grain fields 

Asphalt 

Black soil 

Damp sand 

Coniferous forest 

Vegetation-free soil 

Gras 

Deciduous forest 

Desert, water 

Dry sand 

Snow 

Albedo value 

Extremely low 

Extremely low 

Very low 

Very low 

Very low 

Low 

Low 

Low 

Medium 

High 

Very high 

Factors to consider when 

evaluating the thermal 

generating properties of any 

given soil: 

• Damp soil abso rbs m u c h energy w i thout 

Picture 2.3 Snow's albedo value is very high, and 

very little energy is absorbed from the sun. Snow 

is the poorest possible thermal generator. 

re leasing it aga in . For a moor to generate 

the rma ls we must wai t unti l late in the day, 

w h e n the sur round ings have begun to cool 

d o w n . T h e moor land wil l coo l s lower and 

some t imes al low us to l inger in l ight lift over 

p laces whe re we are not accus tomed to f in -

ding lift. 

• Dec iduous forest has a relat ively low a lbe-

do va lue, but conta in much humidi ty. This 

makes t h e m less thermal ly interest ing than 

con i fe rous forests whe re there is less humi -

dity s tored. 

• Any sur face or iented perpend icu lar to the 

sun rays rays wil l heat bet ter than su r roun-

d ing, non-perpend icu la r sur faces . In the 

Nor the rn hemisphere this m e a n s east s lo-

pes in the morn ing , south s lopes a round 

noon and wes t s lopes in the a f te rnoon . 

Because the sun is h igher a round noon 

the south s lopes can be sha l lower (on the 

Equator they can be hor izontal ) than the 

east- and wes t s lopes . In the European w i n -

ter only s teep south- fac ing cliff faces p rodu-

ce usab le the rma ls . 

• Su r faces wi th a h igh speci f ic heat capac i -

ty (like rocks) take longer to heat, but once 



w a r m they wil l cont inue to p roduce thermals 

even dur ing shor t overcas t per iods. East 

fac ing ver t ica l cl i f fs are the first to p rodu -

ce the rma ls in the morn ing , not because of 

the speci f ic heat capac i ty but because they 

have been fac ing into the sun for the longest 

t ime. 

• Deser t su r faces and dry sand have high 

a lbedo va lues but are very porous. Further, 

deser t s are of ten in reg ions w i th s t rong 

sunl ight , and the porosi ty plus the s t rength 

of the sunl ight comb ine to p roduce s t rong 

the rma ls in deser t reg ions. 

• Con i fe rous forest , and c lear ings there in , 

are good therma l genera to rs . 

• We t g reen f ie lds are no good , but newly 

harves ted they are OK . I f there's hay dry ing 

in a f ield it is probably g o o d ! 

Picture 2.4 Lake Walensee, Switzerland. Lakes do not generate thermals, but neither do wet fields or 

heaths, except in the evenings when a shallow heath may release the energy saved up during the day. 

On the mountain in the picture all thermals will originate from the slopes above the lake. On little hills 

they become short-lived because of it. Would fields surround the mountain instead, thermals could have 

benefited from the heating of air around it as well, and would have become more reliable. 

Picture 2.5 A farmer prepares the hay harvest. 

The pilot has seen this and promptly flies there. 

The location is good, not only because of the low 

albedo value of grass fields, but also because the 

farmer in his tractor triggers all the accumulated 

hot air with his driving around. 

• Gra in or potato f ie lds are good . Corn fields 

only get real ly good in the au tumn 



• Ploughed f ie lds are bet ter than untreated 

ones. 

• And c rowded park ing lots or industr ia l ex-

panses are a lways excel lent the rma l g e n e -

rators. 

Hint: 

When a park ing lot is full of ca rs it b e c o m e s 

even better, as more hot air may be t rapped 

among all the parked veh ic les . The rma ls 

originating f r om full park ing lots are genera l -

ly both s t ronger and w ide r and thus easier 

to core. 

Hint: 

Thermals may c o m e f rom any sur face that 

is readily hea ted by the sun . For your m e n -

tal p icture t ry to imag ine wa lk ing over the 

ground w h e r e you ' re f ly ing. Whereve r you 

feel the air get t ing w a r m e r you can expec t 

thermals to or ig inate, wheneve r i t gets c o o -

ler i t is less in terest ing. Th is m e a n s that 

cool, shady and we t a reas wil l a lways h in -

der the rma l deve lopment . 

Picture 2.6 The Parseier Peak in the Inn valley, 

Austria. The rocky southeast oriented slopes are 

perfect for generating early thermals. The Atos 

pilot knows this and flies straight there. He has 

launched from the Venet, a north-facing launch 

that is uninteresting at this time of the day. 

Picture 2.7 Flying over the official landing at 

Brauneck, in the German Alps. This parking lot is 

an excellent thermal generator in spite of its loca-

tion in the middle of a valley. However the thermal 

will normally be offset by the valley wind and is of-

ten located right above the official landing, to the 

joy of the students training there. The instructors 

are less enthusiastic about it... 



Thermal development delay 

T h e t ime that passes be tween the sun 

hit t ing a g iven sur face and the sur face re-

leasing the f irst the rma l cou ld be cal led the 

the rma l deve lopmen t delay. Th is t ime di f fers 

f rom sur face to su r face . 

Rocks have long de lays but store the e n -

ergy for a long t ime; con i fe rous wood lands 

and f ie lds have shor ter de lays but s top wor-

king as soon as the sun doesn ' t hit t hem 

anymore . 

S h a d e drawing in f rom the s ide t r iggers 

the rma ls , p rov ided the air has been heated 

suff ic ient ly, but once the the rma l has re-

leased and r isen the show wil l be over there 

until the shade is gone aga in . Depend ing 

on the sur face , s o m e t ime wil l pass before 

a prev ious ly shaded area re leases its next 

thermal af ter the sun has c o m e out aga in . 

Readi ly heated su r faces wil l have the next 

the rma l ready in as little as 10 minutes w h e -

reas areas cons is t ing of soi ls w i th a high 

speci f ic heat capaci ty , like rocks, take no -

tably longer. 

Picture 2.8 Once the cloud shadow is gone it takes 

only a couple of minutes before the next thermal 

is ready. 

Thermal trigger points 

W a r m air, be ing l ighter than co ld , has the 

inherent tendency to r ise. However a re lease 

impu lse is needed to ove rcome the inert ia. 

T h e fo l lowing is a shor t and incomple te list 

o f poss ib le impu lses or t r iggers: 

• Terrain or vegeta t ion changes , like forest 

edges , r idgel ines, uneven s lopes 

• Tempera tu re changes caused by snow, 

shade or water 

• Externa l fac tors , like mov ing objects or 

even acoust ic impu lses 

Picture 2.9 A perfect thermal generator/trigger. Ho-

pefully the pilot will arrive high enough to take ad-

vantage of it. Near the Hallstatter Lake in Austria. 

Picture 2.10 An uninterrupted mountain chain, like 

the Pinzgau, Austria, will release thermals along 

the entire length. Once up bombing out is almost 

out of the question. 
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Picture 2.11 Launching from the actual thermal trigger, a little knoll in front of the main peak. The pilot 

can expect to be climbing right from the beginning. The picture shows the old hang glider ramp at the 

Helmsattel in Austria. 

w T h e most obv ious t r igger point is a lways the 

peak, but the shou lder (if at hand) is no less 

impor tant ! In the A lp ine spr ing the snow line 

over takes the shou lders ' role. 

Picture 2.12 When the main peak has a little 

shoulder in front, this will often be a more reliable 

trigger than the main peak. In this illustration the 

points AtoC are the shoulders, and the mountain 

D has no shoulder. D is the best thermal generator 

(see arrow), E is the peak above shoulders A to C. 

If we're high we fly straight towards E, knowing 

that should it not work we can aim for A to C. Once 

high in either place the way to D is secured. Pictu-

re from Valais, Switzerland. 

Picture 2.13 

In the Alpine 

spring the 

snow line is 

themostcom-

mon thermal 

trigger. This 

photo was ta-

ken in March 

in the Italian 

Alps, an area 

where the 

thermals are 

very good at 

this time of 

the year. 

Further el 

mal triggc 

• Forest clearii 
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Further easily identified ther

mal triggers 

• Forest c lear ings 

Picture 2.14 Such a distinct clearing in the woods 

is a very good thermal trigger. If the pilot is high 

he should fly to the crest above but if that fails 

searching right above the clearing is a good stra-

tegy. 

• Powerl ines. In the mounta ins these are of-

ten located on shou lders (see picture 2.15) 

and their t r igger ing capac i t ies may be part ly 

explained thereby. But power l ines are a lso 

known to t r igger the rma ls in f la t lands, w h e -

re there's no terra in to expla in it. 

Picture 2.15 The electricity mast is located right 

on the shoulder and we can expect good thermals 

to be coming off of it. 

Thermal triggers in flatland 
flying areas 

• Large tempera tu re d i f fe rences, as found 

on lake- and river shores 

• A forest edge or a t ree line 

• Smal l hills - a l though these are dif f icult to 

see f rom an al t i tude 



• Rai l road t racks and roads. 

• Ac t ive fa rm ing mach inery , see picture 2.5. 

Harves t ing is very of ten assoc ia ted wi th ex-

cel lent the rma l deve lopment . 

Picture 2.16 A lake or river shore is a very good 

thermal trigger. If the wind pushes the heated air 

towards the shore, the temperature difference will 

trigger it. Due to the thermal drift the lift will be 

located over the water. 

Picture 2.17 A tree line is easy to see even from 

high altitude. When the wind blows against the 

line, even at an angle, the thermals will be trig-

gered. 

• C loud s h a d o w mov ing over the landscape 

- but beware ! If the c loud is big and the drift 

s low the shade causes all act iv i ty to cease 

for a wh i le ! 

Hint: 

I f the w ind is s t rong such t ree l ines or forest 

edges may even be soared until a thermal 

is re leased. It is however an "exper ts only" 

g a m e , as cor ing the rma ls low d o w n in strong 

drift is ve ry tr icky, and the chances of being 

d u m p e d ei ther in the lee or over unlandable 

wood lands are h igh. 

Illustration 2.18 The shade from the cu moves 

over the landscape with the wind. As it progres-

ses it triggers thermals in front of it. The red ar-

row shows the wind direction, and the pilot can fly 

with a tailwind from the cloud directly to the new 

thermal trigged by the cloud shadow. 

If the pilot has been flying on the upwind side of 

the big cloud (left) and the thermal has died, get-

ting across the big shadow can be a challenge, 

but there's a good chance of getting up again if we 

can only reach the shadow border, where the next 

thermal is released. 

Hint: 

A f r iend to ld me how he had once cored a 

the rma l be ing "pu l led" up by a hot air bal-

loon! I t w a s the best the rma l of the otherwi-

se unspec tacu la r day! 



Picture 2.19 De Aar, South Africa. It looked like a perfect day - but the cloud base was only 800AGL and 

centring from low altitudes turned out to be difficult. It took four tows to finally get up. 

Picture 2.21 Ahh, to be towed right up into the 

thermal and then release when the vario has been 

screaming for a few seconds... 

Illustration 2.20 The clouds indicate where the 

thermals are to be found. On this day the distance 

between thermals was unusually far, and the 

cloud base was not correspondingly high - which 

meant that we generally arrived really low in the 

next thermal! Industrial areas and villages were 

the best sources. 



Cloud shadow as release 

impulse 

By Volker Schwan iz 

As soon as the g round is get t ing c loud co -

vered , the sur face beg ins to coo l d o w n . Due 

to th is ef fect the tempera tu re d i f ference bet-

w e e n shady and sunny is qui te not iceable, 

and as we have seen before, tempera tu re 

d i f fe rences are rel iable thermal t r iggers. 

W h e t h e r the the rma l t r iggers upwind or 

d o w n w i n d f rom the shade (c loud) is dec ided 

by the fo rward speed of the shady f ie ld, i.e. 

the c loud speed and thus the w ind a t c loud 

al t i tude in compar i son to the w ind s t rength 

and d i rect ion at g round level. 

In the mounta ins the thermal will normal ly 

be t r iggered to the upwind side of the c loud 

shade. The cool air f rom the c loud shade 

soon rolls down the mounta ins ide in an ana-

batic f low and pushes against the still act ive 

catabat ic f low on the w indward side of the 

c loud shadow, caus ing a very strong t r igge-

ring impulse. This can be observed at s lope 

launches suscept ib le to overshad ing; there's 

often a tai lwind even if everyone is c l imbing 

happi ly only metres out f rom the s lope. 

Hint: 

If the launch is get t ing c loud covered due 

to cumu lus deve lopmen t over the launch 

mounta in wh i le the lower s lopes are still in 

the sun i t pays to get off quickly, before the 

adiabat ic f low sets in, caus ing a ta i lwind. 

In the f lat lands the c loud shadow triggers 

the next the rma l on the downw ind side of 

the c loud , see i l lustrat ion 2 .23. This is 

caused by the genera l ly s t ronger w ind high 

up caus ing the c louds to move faster than 

the w inds at g round level can d isplace the 

w a r m air. T h e br iskly mov ing c loud shadow 

thus "pushes benea th" the w a r m air and 

t r iggers the the rma l , wh i ch in turn is offset 

by the w ind . 

Illustration 2.22 Cloud triggering of thermals in 

mountains often happens on the windward side of 

the cloud shadow. 

Illustration 2.23 Flatland cloud shadow as trigger. 

The thermals are triggered on the downwind side 

of the cloud shadow. 

Hint: 

In the f la t lands c loud s h a d o w s shou ld only 

be used as the rma l ind icators w h e n we have 

a comfor tab le al t i tude marg in , as cor ing be-

low 3 0 0 - 4 0 0 m is of ten diff icult. 

Hint: 

W h e n tow ing i t pays to look out for approa -

ch ing c loud shadow, as these increase our 

chances of hook ing right into a good ther-

mal , prov ided we get the t iming right. 

Wind 

Wind 

68 



Thermal alignment with the wind 

By Volker Schwan iz 

Downwind o f s t rong the rma ls we of ten 

encounter fu r ther the rma ls . They fo rm in 

irregular intervals and are a lmost per fect ly 

aligned wi th the w ind . They are easy to see 

from the cumu lus fo rmat ion that they c a u -

cumulus c louds, set t ing up a w a v e pat tern 

leeward o f the mother the rma l (see drawing 

2.24) . 

In the upward ly mov ing sect ions of this 

wave pat tern the a i rmass is less stable and 

more prone to the rma l deve lopment . Gl ider 

pi lots have been known to use cumulus 

waves to fly over s t rong cumulus c louds. 

Illustration 2.24 Downwind of strong 

thermal sources we often encounter 

further thermals and not only dissolving 

remains of the first, strong thermal. 

se, which di f fers f r om c loud st reets because 

they are fur ther apar t . Ano the r d i f ference is 

that neither par t icu lar wea the r s i tuat ion is 

needed, nor a speci f ic w ind s t rength . W h e -

never there's the rma ls and w ind , a cer ta in 

al ignment can be o b s e r v e d ! 

The prec ise reason for th is is not ent i rely 

understood, but i t is a s s u m e d that the 

peripheral, weake r par ts o f the mother 

thermal are of fset more by the w ind and 

drift fur ther d o w n w i n d , whe re they meet 

and jo in fo rces wi th new waf ts of lift com ing 

from beneath . Long rows of usab le lift are 

generated in th is manner, and they may live 

for as long as 30 minutes longer than the 

actual mother the rma l . 

Not ice that the nature of the soil d o w n w i n d 

of the mothe r the rma l in f luences the 

extent o f the p h e n o m e n o n . Mois t forest 

areas, we t lands or water inhibit i t or s top it 

completely. 

There 's ano ther hypothes is that a t tempts 

to explain the the rma l a l ignment . I t dea ls 

with the fact that the h igh- level w inds are 

known to be brought into osci l la t ions by 

f lowing over s t rong the rma ls /we l l - fo rmed 

Hint: 

Inexper ienced pi lots o f ten a s s u m e that the 

smal ler cu's leeward of a big c loud are just 

d isso lv ing remains of the big one, p roduc ing 

only increased descent . Th is is o f ten not the 

case ! Leeward o f pu lsat ing thermal sources 

we of ten encoun te r further, weake r lift, i t 

fo l lows that i t pays to fly direct ly downw ind 

f rom a good the rma l , espec ia l ly in the f lats. 

Hint : 

Updraughts ( thermals) and downdraugh ts 

go together like RedBul l and vodka , and 

just as the the rma ls tend to al ign w i th the 

w ind the downdraugh ts wil l do the same . 

Th is m e a n s that the best escape route f rom 

w idesp read descen t is perpend icu lar to 

the w ind d i rect ion (prov ided the s ink isn't 

caused by a lee zone) . 

Hint: 

The rma l a l ignment due to w ind does not 

depend on c loud condensa t i on . Th is means 

that i t is a lso found on blue days , albei t less 

vis ible. 
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Two different route choices 

in a wide valley 

As soon as the pilot dec ides to abandon 

one therma l and fly to the next, we can c o n -

s ider i t XC f ly ing. Here we descr ibe two dif-

ferent cho ices : 

First choice 

T h e pilot f l ies f rom mounta in shou lder to 

mounta in shou lder (see i l lustrat ion be low) . 

Advantages are that he a lways arr ives 

high e n o u g h to make i t to the next wes t 

f lank, w h e r e he can expec t the rma ls to be 

com ing up. Shou ld no the rma ls be found 

he can gl ide d o w n to land in the w ide va l -

ley w h e r e he has p lenty of landing opt ions, 

instead of being fo rced into the high val ley 

be tween the two r idges. 

Disadvantage is that he soon f inds h im-

selve under the in f luence of the val ley w ind 

sys tem, w h e r e the mere s t rength o f the 

w ind d is turbs the the rma ls and makes t hem 

diff icult to use. Th is can of ten make i t hard 

to get up h igh aga in . 

Second choice 

T h e pilot makes m a x i m u m al t i tude at "A", 

then fo l lows the terra in up a long the f lanks 

of the main summi t until he is above the 

main r idge. 

Advantage is that, p rov ided c loud base is 

high enough , he can remain above the main 

peaks, und is turbed by val ley w inds and with 

s t rong, cons is tent c l imbs. Our overal l speed 

can be very good up here ! Bes ides , the view 

is better than a long the shou lders out near 

to the val ley f loor! 

Disadvantages occur w h e n he doesn' t 

make i t to the next c l imb above the r idge -

then he could be look ing ei ther at a landing 

up h igh, or in a nar row s ide valley, or at least 

a long detour a round the next pe rpend icu -

lar r idge. Even if this detour wo rks it takes 

a long t ime, a lso because he ar r ives lower 

than he wou ld have, had he c o m e straight 

there, and must thus batt le i t out even lower 

in the val ley w ind to get back up h igh. 



Preliminary conclusion: 

For the XC beg inner it genera l ly pays to 

remain above the foothi l ls , or wha t we have 

called the "shoulders" . T h e h igh route over 

the main r idge is only fast if there 's no risk of 

not making it to the next the rma l - o therw ise 

there are large detours on the m e n u ! 

The Alps abound wi th these large E-W or i -

ented valleys, all ve ry wel l sui ted for f ly ing: 

In Austria we have the f a m o u s P inzgau and 

the eastern end of the Puster ta l , we have 

the Drautal (Gre i fenburg) , the Inntal ( f rom 

Innsbruck to Ar lberg) , and the Ennsta l w i th 

Schladming and W e r f e n w e n g . 

In Italy we f ind the Ahrn ta l in A l to Ad ige 

Southtirol) and Feltre in the south east. 

Switzerland has the Engad in and the Va -

lais, and all these val leys are renowned for 

their excellent f ly ing cond i t ions . 

Picture 2.25 (left side) 

View of a wide, E-W oriented 

valley. On the left a massive, 

unbroken chain with wooded 

foothills reaching into the main 

valley, with narrow valleys 

between them. Two options 

for flying the ridge present 

themselves: Either over the 

trigger shoulders near to the 

main valley or above the main 

peaks of the chain. In both 

cases we approach point "A" 

first to gain the altitude we 

need to continue. The photo 

shows the Pustertal, Italian/ 

Austrian Alps. 

Picture 2.26 Pinzgau, Austria. When the cloud base 

is very high, as in this picture, we remain above 

the main ridge. If against all odds we should fall 

out it will probably be right onto one of the shoul-

ders seen protruding from the main ridge into the 

valley, and the chances of making it back up will 

be good. A further advantage is that we will not 

need to go into the narrow gullies between the 

mountains. 

Picture 2.27 A similar chain to the one in 2.26, this time the Goms in Va-

lais, Switzerland. This particular stretch of mountainscape is renowned for 

fast, reliable flying. The picture was taken from cloud base, and the marked 

places all had (as indeed they generally do) very good thermals coming 

off of them. On this day the cloud base is insufficient to fly the high-alpine 

route as indicated along the "B" arrow. 
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Picture 2.28 Another shot from the Pinzgau valley in Austria. This is really one of the finest flying arenas 

in Central Europe, and scores of pilots fly here, enjoying the strong, spacious thermals and the modest 

valley winds, along with the presence of landing options everywhere. 

This day was actually not as good as the photo seems to indicate - the atmosphere was too unstable and 

the clouds overdeveloped in the early afternoon, shutting down all thermal activity. 





Chapter 3 Thermal related Issues 

Turbulence 

Turbu lence is the pi lots' natural enemy. 

T h e mos t we l l - known cause o f tu rbu lence 

is the lee, and I doubt i t that anyone en joys 

f ly ing in a s t rong lee. But s ince the air is 

rarely still it is a fact of life that we as pilots 

must get to gr ips w i th tu rbu lence - avoid i t 

as m u c h as poss ib le , but accept i t whe re i t 

is inevi table. 

Lees ide tu rbu lence on a large sca le may 

be found beh ind mounta ins , on a smal ler 

sca le beh ind other obs tac les like t rees and 

houses . "Beh ind " in this sense is a lways "on 

the lee side". 

Illustration 3.1 Strong thermals cause strong tur-

bulence. If the pilot falls out of the side of the ther-

mal the wing may dive very aggressively. It is not 

dissimilar to a surfer falling off the lip of a wave. 

Wind shears and even the rma ls are other 

causes of tu rbu lence , as wel l as other 

w ings pass ing upwind . The rma ls bumping 

into invers ion layers a lso cause turbulence. 

General ly , light w inds and w e a k thermals 

m e a n less tu rbu lence whe reas strong 

w inds and s t rong thermals cause strong, 

some t imes ex t reme tu rbu lence . 

In s t rong tu rbu lence the paragl ider may 

co l lapse and the hang gl ider may tuck. In 

ex t reme cases the pilot may crash due to 

these tu rbu lence- induced d is turbances. A 

menta l p icture cou ld be the a l ready menti-

oned w a v e surfer, r id ing the crest of a wave 

Picture 3.2 The wingtip rotor (vortex) made vi-

sible in a wind tunnel. Such a rotor is present be-

hind any wing moving through air. The bigger and 

heavier a wing is, the stronger the vortex. Behind 

large airplanes the vortex may linger for several 

minutes and still be strong enough to cause a pa-

raglider to collapse. Picture courtesy of Manfred 

Kistler, Skywalk. 



- i f he fal ls off he wil l be w a s h e d th rough the 

turbulent waters . But the air is invisible, so 

we need to know the causes of tu rbu lence 

to be able to avoid it; we cannot just look for 

it like the sur fer can . 

When watch ing a i rp lanes landing, we can 

often obse rve the w ingt ip rotors (page 76). 

The vor tex r ings may be v is ib le for sever-

al minutes after the p lane has landed - but 

such r ings may a lso l inger in open air long 

after a p lane has passed . 

A large, heavy t ranspor t a i rp lane creates 

extreme vor tex r ings and any hang gl ider or 

paragl ider f ly ing into t h e m wil l be in for a big 

surpr ise! 

As paragl ider pi lots we are fami l iar w i th 

wingt ip tu rbu lence f rom pass ing beh ind 

other pi lots, espec ia l ly w h e n soar ing smal l 

r idges wi th a g roup of other pi lots. 

Illustration 3.3 We encounter lee rotors "behind" 

anything pointing into the air flow. Here is shown 

how the air may move on the lee side of a house. 

The terms "in front of" and "behind" are linked to 

the wind direction. 

The b igger the obs tac le the greater the 

tu rbu lence, and the s t ronger the w ind the 

s t ronger the tu rbu lence. Wi th little obs ta -

cles like t rees or rows of t rees we shou ld 

aim to land at least 100m d o w n w i n d - i f the 

obstac le is a house it is better to land off to 

ei ther s ide. 

Info box 

Windward - the side facing into the wind. 

This is where we preferably fly 

Leeward - the side facing away from the 

wind. We normally try to avoid flying here 

Laminar flow - An undisturbed flow, compa

rable with water flowing smoothly out of a 

tap 

Turbulent flow - A wild, unorganised flow 

comparable with the tap turned up to max 

Picture 3.4 Lee made visible. Notice that it is not 

turbulent on the lee side, however the descent is 

greatly increased. 

Turbulence behind mountains 

T h e s t rength o f the tu rbu lence depends 

on the terra in. Gent le s lopes cause less tur-

bu lence than s teep rock faces . I f the w ind 

is s t rong, the tu rbu lence beh ind s teep cliffs 

may stretch for severa l k i lometres, but in 

f lyable w inds we use about one km as a rule 

of t humb. The area c loser to the obstac le is 

wo rse than fur ther away. 
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Illustration 3.5 Behind gentle sloping peaks the 

turbulence may be all but nonexistent, but there 

will still be increased descent. This hang glider 

should stay on the windward side. 

Illustration 3.6 A flight along the famous „3 Peaks" 

in the Italian Dolomites. Behind such pointed, 

jagged peaks the turbulence may become dange-

rously strong, and we should strive to remain well 

away from them. This pilot should fly even further 

left. 

Turbulence behind slope 

edges 

Behind s lope edges the s t rength o f the 

tu rbu lence depends on the incl inat ion of the 

s lope, the shape o f the edge and the w ind 

speed . T h e i l lustrat ion shows a c ross sec-

t ion th rough a typ ica l soar ing r idge, wi th 

the rotors d rawn in. Pi lots of ten top land on 

such r idges, so here are a few t ips: 

Illustration 3.7 If the slope is steep, and the edge 

sharp, a rotor area will set itself up right behind the 

edge (marked with green). With moderate winds it 

will normally be possible to land 3xh downwind 

from the edge. 

Illustration 3.8 With stronger winds the turbulent 

area increases dramatically in size, to well beyond 

"3xh". Top landing will now be dangerous almost 

regardless of the distance from the edge. 

Many mounta in launches look simi lar to 

the one in picture 3.9. Si tes in the A lps that 

c o m e to mind are, Asp res in France, Cas -

te lucc io, Medun o and Feltre in Italy. These 

f ly ing si tes are per fect for learn ing how to do 

top landings. 

General points for top landing: 

- W e a k w inds m e a n less tu rbu lence = top 

landing is OK 



- The s teeper the s lope in f ront of the edge, 

the fur ther the rotor a rea s t re tches d o w n -

wind. As no one can exact ly know H O W far, 

i t is genera l ly bet ter not to top land behind 

steep s lopes . 

- I f the s lope has thermals com ing up we 

Illustration 3.9 If the transition from slope/moun-

tain side to plateau/mountain top is gentle there 

may be no rotor formation at all. These are the 

soaring ridges where paraglider pilots can really 

play! Top landing with no stress is guaranteed, 

see also picture 10.27. 

need to be ex t reme carefu l . I f a thermal re-

leases at the w r o n g t ime, and sucks in the 

air f r om all s ides (even f rom the flat top w h e -

re we are t ry ing to land) th ings can get ugly. 

I t cou ld be a case of ta i lwind A N D tu rbu-

lence/ ro tor all at once . 

Illustration 3.10 If the slope has thermals flowing 

up it is better to not top land. The thermals suck in 

air from all over causing tailwind on top while the 

thermal drifts past. 

There may be strong turbulences around high and 

sharp peaks. Chamonix, France. 



Horizontal rotors 

Rotors are not exc lus ively ver t ical air m o -

vemen ts . I f the w ind f lows past obs tac les 

there wil l be hor izonta l rotors beh ind the 

obs tac les . 

Picture 3.11 A mountain with a horizontal rotor, 

drawn in yellow. The wind is not strong enough 

to flow over the mountain but flows around it in-

stead. We must expect turbulence on the lee side, 

just like in the next picture. 

Picture 3.12 As the valley wind blows through this 

venturi it increases quite dramatically in strength. 

It is still not strong enough to flow over the top 

of the mountains but will form horizontal rotors 

in the places indicated by the arrows. The picture 

shows the Diedamskopf, Austria. 

Hint: 

Rotors and tu rbu lence are most ly invisible, 

but by learn ing to v isual ise the mov ing air 

we may also learn to ant ic ipate t hem and 

avoid dange rous areas . 



Using water to visualise rotor 

formation 

Water and air behave in a s imi lar manner 

when f lowing a round obs tac les . Th is means 

that the observan t pilot may learn abou t the 

invisible movemen t of the air by wa tch ing 

flowing water ! Just as water f lows a round , 

and somet imes over, obs tac les , so does air. 

By watch ing f lowing water we can thus see 

exactly wha t is go ing on in the lee of m o u n -

tains, behind val ley const r ic t ions, over the 

top of r idges etc. In the next th ree pictures 

the rocks symbo l i se mounta ins . 

Picture 3.13 The water is flowing from left to right. 

If the rock had been a hill the centre would have 

been good for soaring, but closer to the sides the 

water is flowing sideways instead of up the slo-

pe. This is exactly what we observe when soaring 

- the best lift is found at the middle of the hill. Due 

to only moderate flow speeds there is hardly any 

turbulence behind the "hill". 

Hint: 

Use the local b rook to learn about the ef fect 

of s low and fast f lows, of sharp versus roun-

ded edges . W h e r e are the rotors? How far 

"downwind" do they st retch? 

Picture 3.14 A fast flowing mountain stream. Pos-

sibly soarable on the windward side of the rock, 

behind the rock we can see the "rotors" extending 

to approximately 5 times the height of the obsta-

cle. Once past this area the water flow is laminar 

again. 

Picture 3.15 The water is flowing down the "lee" 

of a rock. Flow is fast and laminar. As it hits the 

bottom behind it turns very turbulent. It is compa-

rable to a rounded-top mountain where the pilot 

may find himself in strong sink, only to encounter 

extreme turbulence right above the valley floor. 

Picture 3.16 In this photo the cloud formation 

shows the air movement. The air flows in the same 

manner on days when there's no cloud to make it 

visible. Picture from Garland by Brauneck (D). 

The examp les are only a smal l peace of 

the lessons that may be learned f rom o b -

serv ing f lowing water. Fur ther examp les on 

page 187. 
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Turbulence caused by 

wind shears 

We call i t w ind shear w h e n the d i rect ion 

and /o r speed sudden ly change at a par t i cu -

lar a l t i tude. T h e mos t c o m m o n w ind shear 

in the A lps is w h e n the val ley w ind and the 

meteoro log ica l w ind higher up are coming 

f rom di f ferent d i rect ions. T h e s t rength and 

ex tens ion of the tu rbu lence caused by such 

w ind shears depend on the w ind velocity. 

Most of the t imes i t is only not iceable as 

a light shak ing but in ex t reme cases , w h e -

re two s t rong w inds meet , i t can be quite 

rough. 

W ind shears are c o m m o n in connec t ion 

wi th invers ions because the w ind di rect ion 

is of ten di f ferent be low and above an inver-

s ion. 

Picture 3.17 

The pilot is just about to descent into the very 

cold low-level air mass, often called a ground 

inversion. At an altitude we had 15km/h from the 

south, whilst the wind at ground level was 10km/h 

from the north. The wind shear was nonetheless 

unspectacular. 

Picture 3.16 The picture shows a beautiful wind 

shear situation. The fog is being pushed against 

the ridge by the valley breeze but the wind is ac-

tually coming from the south (arrow). The south 

side was just soarable up until ridge height, where 

some turbulence announced that I had entered the 

realm of the valley wind coming from the north. 

Hint: 

Invers ions not only l imit air movement 

vert ical ly, they a lso in f luence hor izontal air 

movement . I t is not u n c o m m o n to exper ience 

a s t rong val ley w ind whi ls t the mounta in top 

has no w ind at al l . Th is is one of several 

reasons why the speed bar shou ld ALWAYS 

be moun ted before each f l ight - you never 

know w h e n you might need it! 



Windward and lee thermals 

W h e n f ly ing in the mounta ins i t is impor-

tant to know w h e r e the w ind is coming f rom, 

part icular ly w h e n using the rma ls . 

Normal ly we fly on the w indward s ide, and 

i f there 's no w ind we a im for the sunny s lo-

pes. 

- On no-w ind days the the rma ls are easy to 

cent re ; they don' t get torn apar t by the w ind 

and they don' t dr i f t 

- W i n d w a r d s ide the rma ls are a lmost equa l -

ly n ice as long as the w ind remains w e a k 

- Lee the rma ls are genera l ly turbu lent and 

thus best avo ided 

Exper ience : 

O n c e whi le f ly ing the Laber near O b e r a m -

m e r g a u / G e r m a n y I wen t into the we l l - known 

lee on the south s ide of the r idge. I w a s d e -

scend ing w i th a s teady - 9 m / s and th ink ing 

I wou ld sure ly have to land in the Ettal m o -

nastery w h e n I hit the the rma l com ing off 

this monas te ry - f r om there I c l imbed out 

w i th a s teady 6 m / s t he rma l ! Th is m e a n s that 

I wen t f rom - 9 m / s to + 6 m / s in a real c lose 

vic ini ty - a d i f fe rence of 15m/s (3000 f t /m in ) 

o r 5 4 k m / h ! 

S ince then I have a lways avo ided get t ing 

low south of the Laber ! 

Picture 3.19 Lee thermal development in Pustertal, 

Sillian/Austria. We recognise the situation by the 

big clouds being pushed into the valley from their 

point of origin on the higher slopes. The day was 

flyable, as the thermals coming up the face of the 

mountain were strong enough to override the wind 

from behind and the launch thus had wind coming 

up it, but it was turbulent and difficult flying. 

3.18 Thermal formation in calm air thermal coming off the windward side thermal coming off the lee side 
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Picture 3.20 Goms, Valais/Switzerland. On this 

day the wind was far too strong for flying. Com-

pare the cloud formation to the picture on the pre-

vious page. 

Lee therma ls , in the A lps are ei ther on 

the south s ide of r idges near the nor thern 

boundary or in the lee of local val ley w ind 

sys tems. In the sou thern A lps the w ind is 

genera l ly local and sou th , s ince the m o u n -

ta ins suck in so much air f rom the f lat lands 

that the w ind on the sunny south- fac ing s lo-

pes is a lmost a lways on . This means nice 

w indward -s ide therma ls ! 

By s t rong w inds lee f ly ing must be avo i -

ded al together. I t can be ex t remely turbulent 

and dangerous . 

S tand ing on launch it is not a lways clear if 

the w ind we ' re feel ing coming up the face is 

the " real" macrometeoro log ica l w ind or just 

a the rma l pass ing th rough , see i l lustrat ion 

3 .21 . 

As a rule of t humb we can st ipulate that in 

" real" w inds of up to 10km/h i t is poss ib le to 

use the the rma l w ind coming up the face to 

launch into, regard less of the w ind d i rect ion. 

T h e thermals wil l genera l ly not be too tu rbu -

lent. By s t ronger w inds the lees ides shou ld 

be avo ided al together. 

Picture 3.21 The sun is shining from the left (west, afternoon) but the "real" wind is coming from the right 

(east). The sun causes big, strong thermals to flow up the west face, and it is easy to assume that all is 

well if we are not careful. But by watching the wind sock for a bit longer the real wind direction should 

become apparent and warn us that we're subject to lee thermal conditions. St. Andre les Alpes, France. 



Lee - flyable or not? 

T h e road to heaven is paved wi th good 

intent ions; and one of these is to not f ly in 

lee. However, i f we don' t f ind any lift on the 

w indward s ide, m a y b e we' l l get lucky over 

on the leeward s ide? 

To do this in relat ive safety we must un-

ders tand that lee isn't jus t lee. I l lustrat ion 

3.22 dep ic ts a lee s i tuat ion on a stable day. 

I t cou ld be an au tumn day in the nor th A lps , 

w i th high pressure and a s t rong invers ion. 

The tempera tu re hard ly dec reases wi th a l -

t i tude, in th is examp le only about 1 degree 

per 1 0 0 0 m , or a tempera tu re grad ient (see 

chapter 9) of 0 ,1°C/100m. 

If the w ind is on the face of the mounta in i t 

may still be soarab le , and the a i rmass be ing 

pushed up over the mounta in wil l still cool 

d o w n dry-adiabat ica l ly , i.e. w i th 1 deg ree / 

100m (371000 f t ) . O n c e the air mass rea-

ches the top, par ts of i t wi l l be a 9 °C co lder 

than the sur round ing air, and very much 

heavier. On the lee s ide of the mounta in the 

co ld , dense air rushes v io lent ly back d o w n , 

caus ing ex t reme tu rbu lence on its way. 

Flying here is not an opt ion , even for pro's. 

To i l lustrate the v io lence of such a lees i -

de air movemen t we only need to cons ider 

that the rma ls begin to r ise by tempera tu re 

Illustration 3.22 Stable conditions, the temperatu-

res in the valley and around the peaks are almost 

equal. The airmass being pushed over the ridge 

by the wind is adiabatically chilled to a tempera-

ture well lower than the surrounding air. On the 

lee side the superchilled, dense air rushes down 

very violently. 

di f ferences of as little as 2 °C - a thermal 

s temming f rom a tempera tu re d i f ference of 

9°C wou ld be very ex t reme indeed, probab-

ly show ing c l imb rates wel l beyond 20m/s . 

I l lustrat ion 3.23 

The s a m e mounta in , now su r rounded by ex-

t remely unstab le air whe re the temperature 

decreases dramat ica l ly w i th al t i tude. Again, 

air is be ing pushed up over the mounta in by 

the w ind and get t ing chi l led dry-adiabat ica l -

ly - but this t ime the tempera tu re decrea-

se just matches that of the sur round ing air 

s ince the sur round ing air is 11 degrees at 

r idge level, and the r ising a i rmass has been 

coo led d o w n to 10 degrees on its w a y up. I t 

will still s ink back d o w n on the lee s ide, but 

wi th the low d i f fe rence in tempera tu re the 

movemen t wtH be much more ben ign . Any-

one f ly ing into this lee still needs to fly ac-

tively, but it is ful ly feasib le and surv ivable, 

as o p p o s e d to the prev ious s i tuat ion. 

Both i l lustrat ions a s s u m e w e a k w inds and 

are consc ious ly d rawn more ex t reme than 

reali ty wou ld normal ly be, but the example 

se rves the pu rpose of expla in ing the dif fe-

rences be tween lee f ly ing on s tab le and un-

stable days. 

Illustration 3.23 Same mountain, now in unstab-

le conditions. The airmass being pushed over the 

mountain decreases 1 °C/100m in temperature 

just as it did in the previous example, but this time 

the surrounding air is cooling down almost as 

much with the increasing altitude. The turbulence 

on the lee side remains within flyable limits. 



The examp les deal t w i th the tu rbu lence 

caused by the downrush of co ld , dense air 

due to pressure d i f fe rences. T h e tu rbu lence 

caused by the w ind f lowing over the obs ta -

cle adds to the complex i ty of the picture but 

again we can a s s u m e that i t is propor t iona l 

to the w ind s t rength . 

Hint: 

I consider lees ide f ly ing in modera te w inds 

and unstable cond i t ions to be ful ly doab le 

by exper ienced pi lots, but I personal ly still 

seek to avoid it. If i see that lees ide f ly ing is 

inevitable on a c ross coun t ry f l ight, I t ry to 

balance the r isks w i th the poss ib le rewards. 

Is the w ind real ly not too s t rong? Is the air-

mass unstable? If I can say yes to these two , 

and there are emergency landings avai lable 

I may dec ide to do it - but the landings are 

important because if I don ' t f ind anyth ing I'll 

be on the g round soon due to the increased 

descent in the lee. 

Waves and flying in them 

Wave f ly ing is real ly someth ing that is best 

left to the sa i lp lanes. Re i chmann (see the 

literary re fe rences in the back of th is book) 

has descr ibed w a v e f ly ing in detai l and re-

veals that sa i lp lanes have reached al t i tudes 

of well over 10 .000m in waves , f ly ing at w ind 

speeds o f more than 1 0 0 k m / h ( 5 4 k n ) ! 

However s o m e waves, appear ing at far 

more reasonable w ind strengths, C A N ac tu -

ally be f lown by hang- and even paragl iders. 

Research into the formation of 

wave clouds has revealed that 

some or all of the following con

ditions are needed for waves to 

form: 

Landscape prerequisites: 

T h e lee s ide of the lee- t r igger ing r idge 

shou ld be s teep 

T h e ent ire mounta in shou ld be smoo th 

T h e r idge shou ld be long to ensure that the 

air doesn ' t f low a round instead of over 

T h e r idge shou ld be or iented perpendicu lar 

to the w ind 

Downw ind of the p r imary w a v e tr igger, a t 

a d is tance match ing the wave ampl i tude, a 

seconda ry r idge shou ld be found 

Weather prerequisites: 

Stab le air mass - the rma l tu rbu lence d is -

rupts the wave fo rmat ion 

W ind s t rength a t least 3 0 k m / h (16kn) 

T h e w ind di rect ion shou ld remain un i form all 

the w a y up to the top of the stable air mass 

T h e w ind speed shou ld increase wi th al t i -

tude 

In the wea the r fo recas ts for gl ider pilots 

the meteoro log is ts f requent ly state th ings 

like "w inds insuff ic ient for wave format ion" 

or "wave condi t ions set t ing up on the north 

s ide of the Alps" ; w h e n the latter is the case 

we shou ld leave the air to the sai lp lanes and 

stay at h o m e ! 

But a few waves , for examp le the so -

cal led "Thur inger wave" appear a t w ind 

speeds low enough for t hem to be f lyable 

by us, and Chr ige l Maurer f rom Swi tzer-

land f lew a shor t XC in a w a v e in 2 0 0 4 , see 

www.shv- fsv l . ch under "archive". T h e story 

is pret ty amaz ing , as Chr ige l w a s get t ing 

g round speeds in excess of 1 0 0 k m / h (54kn) 

dur ing his f l ight. 

Picture 3.24 Evenly spaced and -shaped, the len-

ticular clouds are a sure sign of wave formation. 

They also indicate wind speeds way beyond what 

we normally should be flying in. 
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Picture 3.25 Wave next to the Brauneck in the German Alps. The little hill on the left triggers the wave, which 

sets up right over the Brauneck parking site. It happens by south winds ofapp. 25-30km/h on stable days. 

Exper ience : 

I have f l own in w a v e at my o w n h o m e si te, 

the B rauneck . Mos t o f the cond i t i ons f r om 

the p rev ious page w e r e fu l f i l led in that the 

air w a s s tab le and the w i n d w a s a round 

3 0 k m / h . T h e w a v e t r igger w a s the l itt le 

150m high hill SE o f t he B rauneck , and 

the w a v e set u p 4 0 0 - 8 0 0 m d o w n w i n d . W e 

we re all f ly ing r ight a b o v e the va l ley par-

k ing in s m o o t h gen t le lift o f app . 1m/s . T h e 

land ing , r ight benea th the w a v e , w a s s l ight-

ly tu rbu lent . 

Convers ion tab le see page 2 1 . 

Blue thermals / Clear air thermals 

Blue the rma ls are just the rma ls w i thout 

cumu lus c louds to top t h e m . Blue days are 

days w h e n the air is too dry for cu's to f o rm, 

and there is an invers ion s o m e w h e r e b e -

neath the condensa t ion point s topp ing the 

the rma ls before they reach their c o n d e n s a -

t ion level (see chapter 9) . T h e condensa t ion 

level is the al t i tude w h e r e a the rma l reaches 

a relat ive humid i ty of 1 0 0 % and the c u m u -

lus beg ins to f o rm - c loud base is a lways at 

condensa t ion level. 

In deser t reg ions the invers ion can be very 

high and still the day remains blue - th is is 

due to the ex t reme ly d ry air found here. 

Exper ience : , 

I have f lown one of my mos t memorable 

XC f l ights on a blue day. I had good climbs 

o f a round 5 m / s and large, we l l -mannered 

thermals . There w a s no risk o f overdeve-

lopment , no c louds d is turb ing the thermal 

fo rmat ion - a great day. S ince there were 

no c louds I cou ld a lways fly to the best ther-

mal sources w i thout wor ry ing abou t c louds 

s topp ing the the rma ls before I got there. 

It is obv ious ly harder to locate the rma ls on 

blue days w h e n no cu's show us w h e r e they 

are. On such days we must base our rou-

te dec is ions on the terra in and s imply aim 

for l ikely the rma l sources and t r iggers, or 

we must wa tch for o ther hints. Birds, dust, 

g rass, but ter f l ies or even pol len are good 

markers , as are other pi lots. B lue thermals 

are as d iverse as normal the rma ls ; they may 

be big or smal l , s t rong or weak , smoo th or 

turbulent . 

Picture 3.26 Blue day in Australia. The clouds are 

app. 100km away. 
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Hint: 

Many f ly ing areas are very lonely to fly. I 

have f r iends in Austra l ia w h o a lways fly 

a long roads so as to avo id landing too far 

away f rom civ i l isat ion. 

Hint: 

There 's no reason to th ink that a blue day 

is less turbu lent than a c loudy day. Blue 

the rma ls c o m e in all shapes , s t rengths and 

s izes. 

Magic air / Reverse thermals 

W h e n the sun begins to get low and one 

side of the valley is already in shade we so-

met imes get to exper ience one of the greatest 

phenomenons of f ree flight. In English we call 

it "magic air" because it feels so truly magic 

- but first things first, here's the explanat ion: 

As the air cools down over the shady slopes 

of the valley a catabatic f low down the slopes 

sets in. This cool air pushes under the warmer 

air on the valley floor, tr iggering it. This may 

happen some t ime during the afternoon and is 

the first stage of the Magic Air phenomenon. 

The thermals are offset towards the still sunny 

side of the valley. 

The sunny upper s lopes of the still sunny 

sides are producing their last thermals at this 

t ime - soon these parts will also be in the 

Picture 3.27 It is soon time for some Magic Air 

flying. The high west-facing slopes are just re-

leasing their last thermals and the east-facing 

slope is in deep shade, with cold air flowing 

down from it. 

shade, and the catabatic f low sets in on this 

side as wel l . The two air masses now meet at 

the valley bottom, and since there's nowhere 

to escape to, the air begins to rise f rom the 

middle of the valley - the second stage of the 

Magic Air is in place. Thus, it begins on the 

sunny side of the valley and gradually moves 

into the middle as both s lopes fall into the sha-

de. The cl imb rates are not high (mostly) but 

the lift area is big and gentle (mostly). 

To exper ience this we must try to remain air-

borne in the last real thermals of the day; only 

when these finally stop do we glide straight 

for the middle of the valley. The higher the 

mountains around are, the better the chances 

of magic air. 

Magic air occasional ly even produces cu-

mulus clouds, very feeble things appearing 

over the valley late in the af ternoon and into 

the evening. It is also responsible for many 

extra XC ki lometres f lown late in the day and 

therewith an important thing to know and un-

derstand if we wish to go far. 

Hint: 

Mag ic air can a lso be found over the sea. 

I have once exper ienced this in Monaco, 

w h e r e the cold air w a s f lowing d o w n the 

mounta in a round sunset , t r igger ing a very 

smoo th and gent le the rma l r ight f rom the 

shore l ine, a l lowing me another half hour 

f ly ing over the water - fantast ic ! 

Picture 3.28 By now both sides of the valley are in 

the shade and there's cool air flowing down from 

both sides. It meets in the middle of the valley and 

rises gently. The hang glider pilot has noticed it 

and heads out with maximum altitude. 



Picture 3.29 Magic spring air in Isar Valley, Ger-

many. The relatively healthy-looking cu's indicate 

strong lift in the middle of the valley. 

Exper ience: 

I once f in ished an XC f l ight w i th an extra 

30km f lown sole ly in mag ic air over the va l -

ley floor. It w a s the f irst t ime I had exper i -

enced stronger, s o m e w h a t turbu lent mag ic 

air, and this w a s on ly the case d o w n low. Up 

high i t w a s as gent le as ever. 

Picture 3.31 The last wisps of magic-air caused 

cumulus clouds. The wisps may help us locate the 

exclusive lift. 

Picture 3.32 The best evening launches are high, 

high enough to allow us to connect with the magic 

air releasing from the valley floor. 

Picture 3.30 Evening launch to catch Magic Air. 
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Convergence 

W h e n t w o air m a s s e s meet there 's n o w h e -

re for the air to go, except up. We call this 

p h e n o m e n o n "convergence" because the 

air masses converge to create bands of lift 

that we may exploi t . F ly ing conve rgence l i -

nes is great fun - genera l ly not very s t rong, 

but me l low and rel iable. S o m e t i m e s a c o n -

ve rgence line may a l low us to c ross an e n -

tire val ley w i thou t loosing any al t i tude. Th is 

is c lear ly a great advan tage w h e n f ly ing X C ! 

Just as w a s the case for Mag ic Air, there are 

c louds that can help us f ind and use conver-

gence l ines. 

Picture 3.33 Typical convergence clouds. 

Picture 3.34 Convergence clouds in the Val 

Sugana on the way to Bassano in Italy. The strong 

north wind that had accompanied us all the way 

from home meets the humid air from the Po 

plains. A great sight, because it means that it is 

flyable in Bassano in spite of the north wind. The 

convergence is marked by little cu's. 

Two val leys meet ing in a pass wil l normal-

ly both have air f lowing up towards the pass. 

O n c e in the pass the air converges and ri-

ses as lift - depend ing on the meteorologi-

cal w ind the conve rgence line may be off-

set to ei ther s ide of the actual pass. I f we're 

w ish ing to swi tch val ley s ide we ' re obviously 

interested in f ind ing this convergence to mi-

n imise our al t i tude loss, and i f no local pilots 

are avai lable to tell us w h e r e it is we have 

only the c louds to look at. Th is only works 

w h e n there are cumu lus fo rmat ions . 

Illustration 3.34 Convergence in a pass. Both 

valley breezes are equally strong and the conver-

gence is found directly above the pass. The pilots 

have found the line and exploiting it to cross the 

valley. 

Picture 3.35 The original photo used for the 

illustration 3.34. The clouds are forming straight 

across the Pustertal in Italy and clearly indicate 

the location of the convergence line. 



Picture 3.36 Convergence in the upper Rhone Valley, Valais, Switzerland. The valley breeze coming over 

the Grimsel Pass is so strong that it pushes the convergence line ever further and further into the main 

valley. At 2PM it may be 10-20 km down from the Grimsel in the Goms, in the middle of the valley. 

Further convergence examples 

I T h e Ger los Pass , i n the f a m o u s P inzgau 

Val ley in Aust r ia , of ten sees conve rgence . 

Pi lots o f ten swi tch val ley s ides here and o b -

v iously have an eas ier t ime w h e n they can 

locate the conve rgence l ine. 

2.The G r i m s e l / G o m s conve rgence in the 

upper Rhone Val ley, Vala is , Swi tze r land . 

S ince the Gr imse l w ind is s t ronger than the 

normal val ley breeze com ing up the Rhone 

valley, the conve rgence line gets pushed 

progress ive ly fu r ther into the main val ley 

as the cond i t ions improve. A r o u n d 4 P M i t is 

of ten s t rong enough to reach d o w n to the 

main landing in F iesch, see Picture 3.36. 

3 . T h e conve rgence near the nor th end of 

Lake C o m o , Italy, is a lso wel l known . The 

lake has a dist inct ive bend here, and both 

s ides of the r idge p roduce val ley breezes. 

Fur ther exp lanat ion next to Picture 3.37. 

4 . Over the sea we can of ten obse rve a 

c loud wal l , f o rmed by the conve rgence of a 

meteoro log ica l w ind b lowing o f fshore and 

the sea breeze. T h e wal l remains s ta t iona-

ry and cou ld probably be used for al t i tude 

ga ins but it is a bit of a gamb le . . . 

5 . W h e n cold a i rmasses f rom the sea are 

b lown under w a r m e r air over land they 

t r igger a line of lift. T h e d is tance f rom the 

shore depends on the w ind s t rength . I t is 

not u n c o m m o n to obse rve cond i t ions whe re 

this f irst line of lift p roduces cu 's - fur ther 

in land i t may be comple te ly blue aga in . 



6. The Inn val ley in Aust r ia and the Rhein 

valley in Swi tzer land both have val ley b ree-

zes b lowing up t h e m . T h e s e w inds meet 

and converge s o m e w h e r e in the Ar lberg 

region and the resul t ing conve rgence is of-

ten easy to spot due to the Rhein val ley air 

being moister than its eas tern counterpar t , 

causing two di f ferent c loud bases wi th in a 

few km of each other. 

Hint: 

Convergences are great to fly w h e n we' re 

high, but nearer the g round we may e n -

counter s t rong tu rbu lence . 

Picture 3.37 Convergence on Lake Como, Italy. 

B and C are typical dynamic soaring ridges, with 

C being the Monte Mezzo launch. The interesting 

spot is the A, where the valley breeze follows 

the bend in the valley. But a small part of it goes 

over the little promontory and falls back into the 

valley, meeting the valley breeze again and getting 

pushed up by it. The area marked in red indicates 

the convergence, with an area of app. 1 square 

kilometre and lifting to an altitude of 300m above 

the lake. 

Picture 3.38 The sea/land breeze convergence 

line, here in Andalusia, Spain. 

Picture 3.39 Common conditions as they are found 

on the island of Tenerife, Spain. The sea breeze 

causes big overshading but the climbing continu-

es, only 2km from the still sunny shore. 

Picture 3.40 When two valley breezes meet, and 

the one is much more humid than the other, we 

get staggered cloud bases as seen here, where 

the group is flying from the higher base towards 

the lower clouds. 
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Hint: 

S o m e conve rgence c louds are caused by 

the meet ing o f d i f ferent w inds up h igh. They 

look like the o n e s we have learnt to ident i fy 

at conve rgences lower d o w n but br ing us no 

usab le lift, as they happen above the levels 

w h e r e we fly. S e e picture 3.40. 

Picture 3.40 High convergence clouds. Of no va-

lue for paraglider and hang gliders as they are 

above our flying altitude. 

Lower cloud base in mountain 

foothills 

C o m p a r e d to a reas deeper into mounta in 

ranges, the foothi l ls have a s igni f icant ly lo-

wer c loud base. If a mounta in range is ori-

ented perpendicular to the prevail ing wind 

direct ion the foothil ls wil l a lso get above 

average precipitat ion levels due to the air-

masses gett ing b lown against and over the 

mounta ins by the w ind . Dur ing high-pressure 

meteorological condi t ions, most of the mois-

ture in the air comes f rom water t rapped in 

the s o i l - bogs, wet lands and green fields. 

Near my home, r ight on the northern-

most edge of the A lps , the c loud base is 

of ten 5 0 0 - 1 0 0 0 m lower than only 15-20km 

fur ther sou th . T h o u g h the val ley bottoms 

are a lso h igher in the centra l A lps the wor-

kable al t i tude span is still far greater deep in 

the mounta ins . 

T h e d i f ference is caused by the greater 

amoun t of mois ture found in the f lat land air, 

and the h igher tempera tu res in the central 

A lps (more about this in Chapter 6; Valley 

breezes) . 

Hint: 

Due to these vary ing c loud bases i t is of-

ten poss ib le to f ly next to, and not under, 

c louds. From my h o m e site, the Brauneck in 

Germany , I of ten f ly wes t to the Bened ik ten-

w a n d (Bened ic t Wal l ) w h e r e the c loud base 

is genera l ly cons iderab ly higher. From there 

I cont inue to the Jochbe rg above the t w o la-

kes; Koche lsee and W a l c h e n s e e . T h e area 

a round the Lake Koche l is very we t and 

Picture 3.42 Big jumps in 

cloud base are common 

in the Italian Dolomites. 

North of the Marmolada 

peaks is the dry high-Al-

pine Fassa Valley, south 

thereof the humid air 

from the Po plains affect 

the cloud base. 
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the c loud base there is m u c h lower again 

- somet imes I app roach the next c loud f rom 

above rather than f rom be low or f rom the 

side! I f the sun is sh in ing on me and then 

down on the c loud beneath me , a Bracken 

Spectre appears , one of the prett iest s ights 

in f ree f ly ing. 

Picture 3.43 Brocken Spectres appear when we fly be-

tween sun and clouds. The thicker the cloud the clearer 

the spectre becomes. 

Picture 3.44 The clouds creeping over the mountain range which borders the Valais (Switzerland) to the 

south look just like a Fohn wall, but they are only indicating a light southerly wind and a far higher humidi-

ty on the south side of the range. The Valais remains perfectly flyable, but going south is not possible. On 

the north side of the valley, the cloud base may be 1500-2000m higher than what we see in the picture. 

Ground level inversions -

ground fog 

Normal ly the tempera tu re dec reases wi th 

al t i tude. W h e n the tempera tu re dec reases 

fast the cond i t ions are unstab le , w h e n the 

dec rease is less s igni f icant the cond i t ions 

are more s tab le. S o m e t i m e s we even see 

a tempera tu re s ta tus quo or sl ight increase 

wi th al t i tude, and this is ca l led " invers ion" 

because i t is the inverse s i tuat ion of the 

norma l one. T h e r m a l s s t rugg le to r ise 

th rough invers ions. 

There are var ious t ypes o f invers ions, 

dist inct by their a l t i tude over g round . T h e 

rapid cool ing of the g round dur ing the night 

causes invers ions at g round level ; the cold 
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soil cools the overlying air, and the ground-

level inversion is fo rmed. The cold air is 

heavier than the warmer, overlying air so in 

the morning we encounter a "sea" of cold air in 

the valleys. In the summer this is best noticed 

due to smog t rapped under it, in the autumn 

and winter fog forms to cover entire valleys 

(see picture 5.18, page 150). Such days are 

great for those going above the inversions, 

where the skies are clear and the v iews over 

the fog-covered valleys magnif icent. 

Picture 3.45 Summer in the Inn Valley, Austria. Our feathered friends are al-

ready thermalling but we'd better wait one or two hours before launching, as 

the valley is still covered in the ground inversion. The first humble cu's are 

forming over the high peaks. 

It is possib le to fly over such "seas of fog" 

but only w h e n there's ei ther a landing above 

the fog , or there are holes big enough in it 

that we may reach the g round safely. 

Hint: 

Fog layers f luctuate in th i ckness so to fly 

safely above t h e m the landing must be well 

above the upper limit of the fog . Flying th-

rough them whi ls t rely ing on G P S courses 

is not adv isab le - they' l l o f ten begin right 

at g round level, which 

m e a n s that visibil i ty re-

ma ins a lmost zero all 

the w a y to the ground. 

Hint: 

The re wil l o f ten be 

the rma ls com ing off 

the upper s lopes of 

mounta ins w h o s e val-

leys are still deep in 

g round fog (see picture 

3.46) . W h e n we wish to 

f ly before the sun has 

burnt off the fog we 

must s imply launch hig-

her and make sure we 

do not descend down . 

O n c e the sun burns off 

the fog the thermals 

wil l ga in s t rength , as 

there wil l then be more 

land exposed to the 

sun , heat ing the over-

ly ing air masses . 

Picture 3.46 The Krippen-

stein launch, Hallstatter-

see in Austria. Flying may 

be possible; landing in the 

valley is out of the questi-

on. But the pilot is looking 

forward to her flight! 
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Picture 3.47 Whenever the fog is not thick, and great gaps are to be seen, the flying becomes particularly 

scenic. The Bezau/Andelsbuch flying arena, near the Bodensee in Austria. Due to the vicinity of the big 

lake, this area often has ground inversions and fog formations in the autumn. 
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Summer inversions in 

the foothills 

T h e s u m m e r t ime is invers ion t ime a long 

the foothi l ls of mounta ins all over the wor ld . 

T h e invers ions appea r in connec t ion wi th 

s table h igh-p ressure sys tems set t ing in, 

w h e r e the air f r om ground level up to great 

heights is s lowly heated to a very h o m o g e -

nous tempera tu re . There 's hardly any m i -

x ing happen ing , and the s m o g f rom cars, 

industry and o ther pol lut ion sources is t rap-

ped under the invers ion layer. W h e n this s i -

tuat ion sets in a long the nor th s ide of the 

A lps , the rma l f ly ing all but ceases . T h e c o n -

di t ions are great for learn ing to fly, as there 

is hardly any tu rbu lence and whatever there 

may be is very weak . 

T h e dir ty air is easi ly obse rved w h e n 

looking over the f la t lands f rom the m o u n -

tains, see picture 3.49. 

A good place to escape to, w h e n the foo-

thills are totally covered by inversion, is the 

central mounta in regions, whe re the inversi-

on prob lems decrease as we approach the 

highest peaks. 

Picture 3.48 Summer inversion in Bassano del 

Grappa, Italy. Different rules apply here, as it is 

often possible to thermal up to the top of the in-

version level. This has been called the "Bassano 

wonderthermals". 

Picture 3.49 Summer inversion on the north side 

of the Alps, little or no thermal development. The 

picture was taken from the Waidringer Rock Pla-

teau in Austria, looking north into Germany. The 

smoggy air is clearly visible along the horizon. 

The small cumulus cloud in the left side of the 

picture may be caused by the Landshut nuclear 

power plant. 

Hint: 

Therma ls rising up to meet an inversion be-

c o m e turbulent at inversion level. I f we prefer 

to avoid turbulence it is best to leave the ther-

mal before reaching this level - only 100m 

lower it is less turbulent. However, on some 

days a strong thermal may push through the 

inversion and wi th some pers is tence we may 

go with i t through the bouncy part, and enjoy 

the clear air and spectacular v iews above the 

inversion layer. 

Illustration 3.50 Turbulence in inversion layers. 

The thermals are stopped at the inversion, and the 

wind shears caused by different wind strengths 

and directions above and below cause the turbu-

lence, marked a and b in the illustration. After Vol-

ker Schwaniz. 



Inversions at mid level - how to climb through them 

We often encounter invers ions as thin 

layers at mid al t i tude on o therw ise unstable 

days. On such days mos t pi lots are fo rced to 

fly beneath the invers ion whi ls t a few happy 

guys make it th rough and f ly a round above 

wearing a big gr in on their faces - looking 

down on other pi lots is a lways a good fee -

ling! 

Illustration 

3.51 

Around the 

time where 

the ther-

mals are 

strongest 

we someti-

mes find a thermal that is stronger than the rest, 

and thus able to punch through the inversion. If 

we're lucky there'll be more of these thermals 

around, and we may continue our flight above the 

inversion rather than descend down through it 

again. 

High-pressure subsidence inversions 

During h igh-pressure cond i t ions a subs i -

dence inversion fo rms at mid al t i tude. The 

mechanism beh ind i t can be c o m p a r e d to 

a bicycle pump; w h e n we pressur ize air i t 

gets warmer. Th is happens f irst at mid a l -

titude because the air c loser to the g round 

can escape by f lowing off to the s ides. O n c e 

the mid- level air is heated to a tempera tu re 

that is h igher than the air be low it, we have a 

subs idence invers ion. As the high pressure 

g rows older this invers ion s inks, p rogress i -

vely decreas ing the usab le ver t ica l range. 
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Picture 3.52 and 3.54 

In the Italian Dolomi-

tes we often encounter 

mid-level inversions. 

To get through we ac-

tually soar the ana-

batic winds flowing 

up the terrain. Once 

through, the thermals 

become "normal" 

again. 

Illustrati-

on 3.52 

A mid-le-

vel inversi-

on is stop-

ping the 

thermals 

just un-

der peak 

altitude, 

above and 

below it is unstable and flyable. The cloud base is 

high but the inversion won't let us through. Once 

through, the upper-level instability would allow 

us to continue flying high. There are two ways th-

rough, either as described in 3.51 or by getting in 

really close to the mountain sticking up through 

the inversion. Here, the anabatic air flow seeps th-

rough the inversion but the pilot must be prepared 

to, and able to fly close to the terrain. 

There are two ways o f break ing th rough 

such invers ions and jo in the smi rk ing 

c rowd : 



on the invers ion is still ve ry high, and 

the cu's can g row tall - sometimes 

we even get showers and CB forma-

t ion. But the s i tuat ion is rapidly sta-

bi l ising and the c loud base is getting 

progress ive ly h igher - the clouds 

g row flatter. Such days are great for 

XC f ly ing over the f la t lands, but in the 

mounta ins the c louds tend to con-

gest , espec ia l ly i f there 's w ind , and 

the rain pers ists for ano ther day. 

Illustration 3.54 During high-pressure conditions air sinks 

down and gets compressed, creating a subsidence inver-

sion. It forms at mid- to high altitude first because the air 

nearer to the ground can escape to the sides. The sinking 

air moves at several centimetres per second. 

The typ ica l p rogress ion of this h igh-pres-

sure subs idence invers ion is dep ic ted in I l-

lustrat ion 3.55. O n c e the high pressure is 

rep laced by co ld air f lowing into the h igher 

areas the a i rmass b e c o m e s unstab le aga in , 

and the last day of a h igh-pressure per iod 

may again be XC sui tab le. 

We all know that dur ing h igh-pressure 

spel ls the cumu lus c louds d iss ipate after 

their brief l i fespan. I f th is wasn ' t the case , 

the sky wou ld soon be covered and no 

more sunsh ine wou ld reach the g round . But 

w h y do the cu's d iss ipate? T h e s ink ing air 

f r om above pushes the c loud d o w n , thereby 

compress ing and heat ing it. W a r m air can 

hold more mois ture than co ld , so the c loud 

d i sappears ! Mix ing wi th the sur round ing air 

due to tu rbu lence and w ind speeds up this 

p rocess . 

I f you ' re into cur io you might wan t to know 

that the descen t rate of the subs idence 

invers ion is in the order of magn i tude of 

a round 1/100 of the rma l c l imb rates. 

Explanation Illustration 3.55 

(following page) 

Day 1: 

Right af ter the t rough /co ld f ront passage 

the air is humid and the c loud base is low. 

A h igh-pressure r idge is approach ing . Ear ly 

Day 2 : 

From now on the f ly ing condi t ions in 

the mounta ins are very g o o d . Cloud 

base cont inues to r ise, the air is 

d ry ing and the subs idence inversion 

is s ink ing d o w n , reduc ing the risk of 

overdeve lopment . Expec ted climb 

rates as in I l lustrat ion 1.35. 

Day 3: 

Ear ly in the day we may still see minor cu 

deve lopment , later the invers ion s inks below 

the d e w point and the day goes "blue". Still 

good f ly ing and XC condi t ions wi th c l imb ra-

tes as in I l lustrat ion 1.38 

Day 4 : 

By now the invers ion has sunk so low that 

f ly ing is hardly poss ib le . C l imb rates as in 

I l lustrat ion 1.40 

Day 5: 

By now the subs idence invers ion is a lmost 

at g round level. I f no major per turbat ion oc-

curs a new invers ion may begin to fo rm up 

h igh. I f the sun is able to burn off the g round 

invers ion the day may b e c o m e ve ry good 

for f ly ing, w i th a ve ry high c loud base due to 

the low mois ture content in the air. 

Note that all this is an ideal ised mode l , 

and that nature has many var ia t ions up her 

s leeve. T h e ent ire p rocess may take as little 

as two or as m u c h as 8 days to conc lude . 

However, a basic unders tand ing of the cycle 

makes i t eas ier to predict and unders tand 

f ly ing cond i t ions. 



Experience: 

One of my longest f l ights ever w a s done in 

condit ions like the ones descr ibed under 

"day 2", w i th the c louds g row ing wor ry ing ly 

tall in the beg inn ing of the day. In fact many 

pilots op ted to land for fear of overdeve lop-

ment, but I kept observ ing the c louds and 

detected a tendency towards d iss ipat ion. I 

flew on , and m a n a g e d a f l ight long enough 

to win me the G e r m a n O L C tit le in 2 0 0 4 . 

Flying in the lee of mountain 

chains 

I f the macro -meteo ro log ica l w ind is not 

strong, i t is per fect ly poss ib le to fly on the lee 

side of a mounta in cha in . In the A lps we of-

ten fly the south s ide in w e a k nor ther l ies, or 

the nor th s ide in w e a k souther l ies . As soon 

as the val ley b reezes set in, i t is impor tan t to 

know wh ich s ide of a mounta in to approach 

when cross ing val leys. In the nor thern A lps 

the val ley w ind sys tems , once act ive, of ten 

reach high enough to over f low the r idges 

and cause lees ide cond i t ions on wha t f rom 

a macro -meteoro log ica l v iewpo in t shou ld be 

the w indward s ide ! The rma l s are first of fset 

towards the sou th , and then w h e n they push 

through the w ind shear they are of fset back 

towards the nor th . T h e quest ion we must 

Illustration 3.55 

High-pressure in-

version develop-

ment seen over 

the course of a few 

days. The red line is 

the dew point where 

the rising air rea-

ches 100% relative 

humidity and clouds 

begin to form. The 

vertical growth of 

the clouds is deci-

ded by the inversion 

altitude (black line). 

The further these two lines are apart, the taller the 

clouds may grow. Once the inversion sinks below 

the dew point, the skies become blue. 

Picture 3.57 Once the valley breeze (yellow arrow) 

is fully on, we limit our thermal search to the north 

(B) side of the ridges. But early in the day, before 

the valley winds grow strong, we use the south 

(A) side. The picture shows the Benediktenwand 

above Lenggries, Germany. This is my first station 

when flying west from my home site. 

ask ourse lves w h e n f ly ing such condi t ions 

is "wil l the val ley breeze be s t rong enough 

to push over the top of the next r idge?". I f 

we answer af f i rmat ive ly we must approach 

the nor th s ide (where the val ley w ind c o m e s 

f rom) to avoid f ind ing ourse lves in the lee. 

I f the answer is negat ive we approach the 

south s ide. 

Hint: 

I t is c o m m o n for sou th- fac ing launches in 

the nor thern A lps to have a ta i lw ind set t ing 

a 



up a round noon on thermal ly act ive days . In 

many p laces this is a good th ing , as there 

are a lso nor th - fac ing launches avai lab le. I 

have not iced that as soon as the f irst waf ts 

of ta i lw ind sets in on the sou thern launch i t 

is no longer poss ib le to c l imb out f r om there, 

even if launch ing is still poss ib le in the lulls. 

But the val ley w ind lee c rea tes a s m o o t h but 

s t rong s ink ing bubb le w h e r e un lucky pi lots 

descend w i th 3 - 5 m / s until they land. 

Th is m e a n s that i f we didn' t get off before 

noon , i t is best to wai t ano ther hour until the 

the rma ls have begun r is ing up the nor th 

face, and launch here. T h e s e the rma ls do 

not or ig inate on the nor th s lopes ; they are 

w a r m air f r om the f la t lands be low be ing p u -

shed up the nor th face by the w ind . 

Thermal lunch break in the 

foothills 

The thermal act iv i ty beg ins in the late mor-

n ing, and i t is not u n c o m m o n to see a n u m -

ber of ear ly pi lots c i rc l ing in the still w e a k lift. 

But sudden ly the the rma ls die and the pi lots 

s lowly descend out - we call i t the " thermal 

lunch break". 

The mechan ism is as fo l lows: In the m o u n -

tains, and the mounta in foothi l ls, the thermals 

begin work ing earl ier than in the sur rounding 

f lat lands. But as the thermals g row st ronger 

the mounta ins begin to draw in colder air 

f rom the surrounding f lat lands, whe re i t sup -

presses the thermal deve lopment for a whi le, 

until i t has been heated suff ic ient ly to begin 

rising as thermals . This process takes around 

3 0 - 4 5 minutes and general ly no usable lift is 

found dur ing this break. 

Hint: 

On w e a k e r days the the rma l lunch break 

may last even longer, w h e r e a s on s t rong, 

unstable days i t may be all but ind iscern ib le. 

In the centra l A lps , far f rom any f la t land 

in f luence, I have never been ab le to d iscern 

the ex is tence of a the rma l lunch break w i th 

any cer ta inty. 

Thermal lunch break near 

the sea 

T h e oceans ide lunch break is caused by 

very s imi lar mechan i sms to the foothi l l ones. 

Here, the co ld air be ing d rawn in by the be-

g inn ing sea breeze ef fect ively s tops thermal 

deve lopment , wh i ch is a lso the reason why 

the best thermal l ing c lose to the sea is ge-

neral ly ear ly in the day. O n c e the sea bree-

ze sets in the the rma ls b e c o m e weak or 

nonexis tent and at the very least the cloud 

base lowers due to the humid sea air. 

O n e advan tage that coasta l s i tes have 

is appearen t in the winter ; due to the often 

w a r m e r sea the air doesn ' t coo l so drast ical -

ly dur ing the night and the g round inversion 

in the morn ing is thus less dramat ic . Comb i -

ned wi th a low sun heat ing the s lopes , this is 

of ten suff ic ient for usab le the rma ls to fo rm. 

T h e popular w in ter site at M o n a c o is a good 

examp le of this. 

A s e c o n d advan tage that coasta l sites 

have is on very unstable days , w h e r e s torm 

cel ls f o rm in land and d rown any hope of 

f ly ing; but near the coast the w e a k thermals 

don' t have the energy needed for s to rm de -

ve lopment and the f ly ing may con t inue long 

after the inland si tes have been shut down . 

Picture 3.58 The beginning of the sea breeze ef-

fect is the cause of the oceanside lunch break. In 

the mountains the onset of the valley wind sys-

tems have a similar effect. In this picture the pi-

lots fall out collectively in spite of recently good 

thermals. 



Picture 3.59 The "lunch 

break effect" has advan-

tages too. In Monaco it is 

often flyable long after 

storm development has 

effectively put a halt to 

any flying only a few kilo-

metres inland. 

The same is the case in 

the picture in Wilder-

ness, South Africa. No 

clouds above the sea but 

overdevelopment 20 ki-

lometres away. Seaside 

soaring is possible. 

down. 

ize ef-

iak. In 

d sys-

the pi-

• good 

Thermal lunch break in hill 

country and flatlands 

Even in f la t lands or low hills we may 

exper ience the the rma l lunch break 

phenomenon, albei t caused by ent i re ly 

different mechan i sms . T h e ass ignab le 

cause this t ime is the w ind , and the w ind 

may also help the h i l l -country pilot to stay in 

the air dur ing a the rma l pause, by a l lowing 

the soar ing of smal l r idges. 

On days w i th any w ind the r idges or low 

crests are of ten the the rma l t r iggers in low 

country. T h e w ind pushes the w a r m air a long 

the g round , and w h e n i t reaches a terrain 

prot rus ion i t is t r iggered to fo rm therma l 

co lumns . Th is mechan i sm is qui te rel iable in 

hilly to near ly f lat ter ra in , but w h e n the w ind 

abates i t gets more comp l i ca ted . 

But w h y wou ld the w ind sudden ly abate? 

In a h igh-pressure region the w ind blows 

towards the low pressure. Near the ground 

the high inversion funnels this w ind , but as 

the day g rows warmer the inversion lifts; the 

w ind has more vert ical space to move in, the 

funnel (or „venturi") effect is reduced, and the 

w ind at ground level abates. Note that this 

only happens w h e n the macro-meteoro log ica l 

w ind is not part icular ly s t rong. 

Picture 3.60 In the flat-

lands and in low moun-

tains a brief thermal break 

will generally see us on 

the ground. To avoid this 

XC beginners should only 

launch after the thermal 

lunch break, often around 

1 to 2 o'clock PM. As al-

ways, beginners should 

avoid flying during the 

strongest time of the day. 





Dust devils 

Pilots fear t h e m and specta tors are fasc i -

nated by t h e m . Dust devi ls occur w h e n the 

airmass is over-adiabat ic , i.e. w h e n the air 

near the g round has been heated to t e m -

peratures w h e r e i t shou ld have r isen as 

thermals long ago , but there hasn' t been a 

triggering impu lse yet. W h e n the t r igger ing 

impulse arr ives, for examp le in the shape 

of a gust c reep ing over the crest f rom the 

windward s ide, the the rma l r ises wi th a v e n -

geance, rotat ing and fo rming a dust devi l as 

it goes. 

When the air is part icular ly unstab le 

mountain reg ions of ten have dust devi ls 

forming off sunny lee-s ides. On such days 

the pilots ei ther launch into the w ind on the 

windward s ide, or into the the rma l breeze 

on the leeward s ide. 

T h e launch at Babadag in O luden iz in Tur-

key is renowned for its dust devi ls. It is an 

examp le of the s i tuat ion descr ibed above, 

whe re the south fac ing launch of ten has 

w ind f rom the nor th - a v i r tual dust devi l re-

c ipe. 

Exper ience : 

O n c e I s a w a paragl ider comple te wi th har-

ness tak ing off in a dust devi l and looking 

a lmost norma l unti l about 2 0 m off the 

g round - shor t ly thereaf ter i t w a s nothing 

but a bund le of c loth and l ines. A n d at the 

Babadag launch, ment ioned above , one p i -

lot get t ing ready for launch got p icked up by 

a dust ie and did a full loop f rom standing 

- lucki ly his injur ies we re only minor. 

W h e n launch ing f rom dust dev i l -p rone laun-

ches i t is highly r e c o m m e n d e d to wai t until 

one has gone th rough , thus re leas ing the 

overhea ted air. Right af ter a dust 

devi l has gone th rough , the p robab i -

lity of ano ther one fo rm ing , is m u c h 

reduced . Fly ing into dust devi ls at 

low al t i tude is ve ry dangerous . 

I w a s towing in Aust ra l ia w h e n a 

sudden dust ie c a m e my way. As 

I w a s only 150m above g round I 

dec ided to re lease and escape . I 

w a s back on the g round in no t ime, 

bat t l ing my f lapping w ing in a bund -

le due to the + 4 0 k m / h w inds . S in -

ce that little inc ident my f ly ing suit 

has s o m e very decora t ive holes in 

it. T h e locals later told me that they 

of ten f ly into dust ies as long as they 

are more than 3 0 0 m above g round 

- lower than that and even the most 

hardcore of t h e m steer wel l clear. I 

wou ldn ' t r e c o m m e n d f ly ing into dus -

t ies at any al t i tude, but as th is s tory 

shows s o m e pilots do. 

Convers ion tab le see page 2 1 . 

Picture 3.61 Kobala launch, Slovenia. The 

wind was light easterly and the launch faces 

into the strong afternoon sun. This is dustie 

heaven, as the photo shows. Compare with 

the picture 1.46, page 50. 



Hint: 

Dust devi ls are also thermals . W h e n encoun -

tered at an alt i tude, good pilots may choose 

to fly into them to c l imb. W h e n do ing so i t 

is a lways best to enter against the turn d i -

rect ion as this will have the w ing pitch back 

- less dangerous than f ly ing wi th the rotat ion 

direct ion and have the w ing diving forward 

upon entry. I a lways adv ice against dust devil 

f ly ing due to the st rong turbu lence of ten as-

sociated wi th it - exper ts only! 

Smoke and dust as thermal 

markers 

I f you obse rve t w o s m o k e trai ls dr i f t ing to -

wa rds each other chances are that there' l l 

be a the rma l r is ing f rom w h e r e they meet . 

The rma ls suck in air f r om all a round , and 

the ef fect is eas iest to obse rve on w ind less 

days. I f the two s m o k e or dust trai ls are drif-

t ing away f rom each other there 's no ther-

ma l . 

Picture 3.62 Two smoke trails drifting towards 

each other. Where they meet (red circle) there's a 

good chance that a thermal is releasing. The hang 

glider pilot has noticed it and is aiming right for 

the thermal. Low down the lateral drift is stronger. 

This means that two pilots thermalling at different 

altitudes in the same thermal column will experi-

ence differentiated drift, with the lower pilot drif-

ting more! 

Illustration 3.63 Inversions often magnify venturi ef-

fects. As seen in the drawing the hill and the low inversi-

on combine to make the wind stronger at hilltop level. 

Using smoke to learn about 

inversion levels 

S m o k e s tacks are a lso handy for judging 

the stabi l i ty/ instabi l i ty of the lower levels 

- and i f the smoke r ises high we can even 

use i t to learn about air movemen t and sta-

bility at h igher levels. If the smoke is rising 

vert ical ly we know that there 's no w ind , and 

w h e n the s m o k e r ises to a ve ry wel l defi-

ned level only to be spread out a long i t we 

know that there's a s t rong invers ion at this 

al t i tude. As long as this p h e n o m e n o n is v i -

sible a long the val ley f loor we can expect 

very ca lm condi t ions. 

Picture 3.64 Rising smoke meets the inversion 

and spreads out horizontally. From this picture we 

can't say anything meaningful about the possible 

turbulence at higher levels, but beneath the inver-

sion there's not going to be any turbulence at all. 



Systematic thermal hunting 

In the long run the rma l f ly ing shou ld cease 

to be coinc identa l . To ach ieve this the pilot 

must learn to search for lift in a systemat ic 

manner. Here are s o m e t ips, in order of im-

portance: 

- The single mos t impor tan t factor is the 

wind. Where is it com ing f rom? If the w ind is 

coming f rom the nor th the pilot shou ld c o n -

centrate on search ing nor th , nor theast or 

northwest s lopes. 

- Second most impor tan t is the sun . T h e 

best thermals or ig inate f rom areas or iented 

perpendicular to the sunsh ine d i rect ion, es -

pecially i f they have a l ready been exposed 

for a long t ime. 

- Where are the t r igger points? A re there 

any obvious t r iggers g iven by the terra in? 

Remember that the mos t impor tan t t r igger 

is the mounta in top ! If this isn't usab le ( low 

cloud or shade all a round) then look for snow 

lines, s t reams or r ivers, mo to rways , and 

don' t forget shadow e d g e s edges ! W h e n e -

ver a c loud shadow is mov ing over the ter-

rain wi th the w ind , the upwind shadow edge 

is the best potent ial t r igger point. 

- A n d all the rest of the quest ions : Wh ich 

k inds of soil do we have avai lable? Forest 

c lear ings are bet ter than dec iduous forest, 

rocks l ides are bet ter than the sur round ing 

con i ferous forest (see picture below), m o u n -

tain pastures, especia l ly those sur rounded 

by w o o d s , are a lways g o o d . The good pilot 

a lways a t tempts to take the w ind drift into 

cons idera t ion w h e n bas ing the search on 

g round sources . 

- In the f lats it is less s t ra igh t fo rward . T h e 

thermal sources are less obv ious , but s o m e 

good examp les are grain f ie lds, sandy soi ls, 

ea r then dikes, h ighways and junc t ions , r i -

ve rbanks etc. 

Picture 3.65 This last step before the high plateau is likely to be very good for releasing thermals. The 

most promising spot is the rock slide right behind the pilot. 



Thermal hunting in hill coun

try and low mountains 

By Volker Schwan iz 

The A l b e d o va lue of the g round is very 

impor tant for the heat ing of the air - but i t 

doesn ' t rel iably tell us w h e r e the the rma l ac -

tual ly can be found . In real- l i fe f ly ing we wil l 

o f ten exper ience s i tuat ions w h e r e a mass 

of w a r m air is pushed a long by the w ind un -

til it meets a t r igger point, w h e r e it re leases 

as a the rma l . Th is is the reason w h y f l ight 

routes go ing over large expanses o f h o m o -

genous terra in are less promis ing than rou-

tes fo l lowing val ley s ides, w h e r e there are 

of ten t ree l ines, power l ines etc. to t r igger 

the thermals . 

Th is is par t icu lar ly t rue w h e n the w ind 

increases in s t rength - then t r igger points 

over take g round sou rces as our number 

one therma l search locat ions. 

Picture 3.67 Same day/location as picture 3.66 

but a different angle of view. Again we notice the 

more promising looking cloud picture over the hill 

country compared to the flats. 

Hint: 

W h e n the w ind is l ight we look downw ind 

f rom the best -heat ing a reas (the ones we 

were using above) . I f the w ind is real ly light 

the the rma ls may c o m e f rom both the ac-

tual sources and f rom jus t d o w n w i n d o f the 

sources . 

Hint: 

On no-w ind days we use our unders tand ing 

of A l b e d o va lues to locate the thermals . 

There 's no w ind to push the overhea ted air 

away and against a the rma l tr igger, so we 

have to d e p e n d on the the rma l re leas ing 

f rom its actual source . 

Hint: 

As the w ind gets s t ronger our focus shif ts 

towards t r igger points d o w n w i n d of the most 

easi ly heated areas . 

Picture 3.66 The cloud distri-

bution is a good thermal and 

day quality indicator. This re-

ference day had the following 

conditions: 

Weak winds, April day with po-

lar air influence and low base. 

The soil was very dry. Notice 

that in spite of the ideal soil 

for thermal development in the 

flatlands, the thermal quality is 

still far better above the hills. 



* 

Searching for flatland 

thermals down low 

Searching for mountain 

thermals down low 

1. Where's the w ind coming f rom? Flat land 

flying means less leeside wor r ies , but even 

a small hill may cause a ser ious rotor. 

2. Is there a n y w h e r e whe re the landscape is 

oriented bet ter aga ins t the sun? 

3. Where is the best soil for heat ing? 

4. Where wil l the the rma l be t r iggered? 

This brief checkl is t can be summar i sed 

into an even br iefer sen tence : First look for 

easily heated soi l , then t ry to v isual ise w h e -

re the thermal wi l l re lease! 

The checkl is t is the s a m e as in the f lats, but 

the order of the points is di f ferent; 

Point one is even more impor tant in the 

mounta ins , as leeside f ly ing should be avo-

ided. But s ince we genera l ly f ind mounta in 

the rma ls w h e r e they are re leased rather 

than w h e r e they are p roduced , we must go 

stra ight f rom point 1 to point 4. I f this hap-

pens to be d o w n w i n d of a locat ion of w a r m 

air p roduct ion then we m a d e it. Point three 

can genera l ly not be taken into account once 

we f ind ourse lves low in a valley. R e m e m -

ber: Our ma in conce rn in the mounta ins is 

to stay out of the lee. 

Picture 3.68 A dark field is a good thermal factory. 

Picture 3.69 When thermal hunting over relatively 

even ground there's less reason to worry about 

lee. But if we're low enough to discern hills (like 

the one in front of this pilot) we should general-

ly aim for them, as they are often good thermal 

triggers. It is hard to make out hills from higher 

altitudes. 
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Hint: 

To s u m m a r i s e the mounta in search pat tern 

ru les: S tay out o f the lee and a im for the rma l 

t r igger points . 

I f we have a cho ice be tween dec iduous 

and con i fe rous forest we choose the s e -

cond . I f a round noon we have a cho ice bet-

w e e n a s teep mounta ins ide and a rounded 

knoll we c h o o s e the s e c o n d . Note that neit-

her of these cho ices is c o m m o n in real- l i fe 

f l y ing! 

Searching for thermals from 

high altitudes 

O n c e we are high life is much easier; we 

got many opt ions and we have p lenty of time 

to search . Fur thermore f ly ing high al lows us 

to use the c louds as the rma l indicators. We 

fly towards cu's still bui ld ing and avoid deca-

y ing ones , and we r e m e m b e r to keep obser-

v ing our sur round ings whi ls t thermal l ing , es-

pecial ly in our in tended f ly ing d i rect ion. By 

do ing so we may not ice new w isps o f cloud 

fo rming and obse rve t h e m long enough to 

know i f they are wor th a iming for. We explo-

re c louds in detai l in the next chapter. 

Picture 3.70 Cassonsgrat, Flims, Switzerland. 

Picture 3.71 Never fly in the lee when the wind is 

strong. First work out where the wind is coming 

from, then aim for the most promising looking 

trigger point. The picture shows the Churfirsten 

flight arena in Switzerland. 
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Picture 3.72 Once we have made it to cloud base we use the clouds to direct us from one thermal to the 

next one. Aim for cu's that are still forming and avoid decaying ones. All pilots should practise visuali-

sing where the thermal is coming from - this helps us to improve our thermal hunting when down at low 

altitude. At mid level we must learn to aim right between the source and the cloud to find the thermal. 

Pinzgau Valley, Austria. 
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Chapter 4: Clouds 

Clouds , and especia l ly cumu lus c louds, 

used to be s imply annoy ing w h e n I wan ted 

to get s o m e sun on my face . Nowadays I 

look at t h e m f rom a di f ferent point of v iew, in 

fact I am pract ical ly A L W A Y S aware of the 

c louds above me ; and w h e n they look good 

immedia te ly I s tar t d reaming abou t f ly ing. 

My s tud ies of the sk ies are more than a 

p leasant pas t ime though - c loud observ ing 

helps me to b e c o m e a better pilot. 

Forming, dissipating 

Our be loved cumu lus c louds are made o f 

t iny water drop le ts . To unders tand t hem we 

need to look br ief ly a t how c louds fo rm. 

T h e sun heats the g round , wh i ch in turn 

heats the over ly ing air. T h e air expands and 

b e c o m e s lighter, and eventual ly r ises as 

a the rma l . Wh i le r is ing the air coo ls d o w n 

adiabat ical ly, wh i ch m e a n s abou t 1 degree 

per 100m al t i tude. T h e coo l ing is pr imar i ly 

caused by the expans ion of the air and only 

on a very smal l sca le by mix ing wi th the sur-

round ing , co lder air. 

Illustration 4.1 Maximum water absorption per 

cubic metre of air, as function of air temperature. 

The warmer the air becomes the more water it can 

hold. At 10 degrees centigrade air may hold about 

10gramm of water per cubic metre. 

We saw in the previous chapter that air in high-

pressure systems is perpetually sinking. This 

means that the air containing the clouds is also 

sinking, and getting warmed up, which eventually 

leads to the dissipation of the cloud. 

To expla in adiabat ic coo l ing /heat ing con-

sider the fo l lowing examp le : W h e n we use 

a bicycle pump we are fami l iar w i th the fact 

that the compress ion of the air causes i t to 

heat up. The oppos i te is a lso the case ; when 

air expands it coo ls d o w n . Th is is what is 

known as "adiabat ic tempera tu re change", 

wh ich s imply m e a n s that i t takes p lace with 

no external in f luence and no energy is ad-

ded or deduc ted , and no mix ing wi th sur-

rounding air masses occurs . 

T h e rising the rma l conta ins the mois tu-

re present at g round level, but as i t cools 

d o w n the relat ive humid i ty increases as the 

tempera tu re drops . If i t con t inues r ising up 

to the dew point the humid i ty condensa tes 

- the c loud star ts fo rm ing . T h e c loud con -

t inues to g row as long as there 's still new 

w a r m air, and thus humidi ty, be ing added 

f rom below. 

In a h igh-pressure sys tem (where the air 

p ressure is high at g round level) the air is 

a lways s ink ing slowly. T h e s ink ing mot i -

on happens at a rate of cent imetres/hour , 

whe reas thermal c l imb rates are measured 

in me t res /second or fee t /minute . But the 

s low s ink ing of the air is enough to push the 

c louds d o w n w a r d s as soon as the thermal 

ceases , wh ich in turn increases the p ressu-

re of the genera l air mass . A n d the incre-

ased pressure causes the tempera tu re to 

r ise (see above) so that the relat ive humid i ty 

dec reases - the c loud d iss ipates. Add ing to 

this ef fect is the mix ing that happens wi th 

the sur round ing , dr ier air. O n c e the c loud 

has d i sappeared comple te ly the sun may 

heat the g round aga in , and the p rocess re-

peats itself. 

Cloud coverage 

W h e n we talk about c loud coverage we 

use the te rm ok tas , or inc rements of 1/8. A 

blue sky wi th no c louds has 0 /8 c loud cove -

rage, whe reas a comple te ly covered sky is 

referred to as 8/8. In the wea the r fo recas t i t 

may be g iven as fo l lows: 



Cloud coverage in oktas 

Oktas Description META 

Rabbreviation 

0/8 
Sky Clear/ 

Clear 

SKC 

1-2/8 Few FEW 

3-4/8 Scattered SCT 

5-7/8 Broken BKN 

8/8 Overcast OVC 

Table 4.2 Cloud coverage in oktas. 

Illustration 4.4 Climb rates under clouds are ge-

nerally best under the thickest part of the cloud. 

When approaching a cloud, fly straight for this 

area. From beneath it can be located by its dark 

grey colour. 

Picture 4.3 Scattered clouds (3/8) in the Pustertal, 

Austria. 

Picture 4.5 Clouds streets will also have thicker, 

darker sections indicating where the best climbs 

are found. This hang glider has noticed the most 

promising looking section and aims straight for it. 

A 

'e-

is 

t it 

Locating the area of best 

climb under a cloud 

Once we' re h igh we may use the c louds to 

locate the best c l imbs. Normal ly these are 

found under the th ickest part of the c loud, 

which is w h e r e the c loud looks darkest 

when obse rved f rom below. 

When approach ing a c loud is pays to do 

so in a way that br ings us direct ly to the th i -

ckest/darkest part of the c loud . To do this 

we must a lso cons ider the w ind di rect ion 

at cloud level , as the best c l imbs are of ten 

found on the upwind s ide. 

Hint: 

Flatland thermals often set up in rows fol lo-

wing the wind direct ion. For the f lat land pilot 

this has the benefit that when exit ing a ther-

mal the most likely location of the next one is 

directly downwind - just as the c loud streets 

indicate, see picture 4.6 and 4.39. Not ice that 

this is also the case on blue days! If we must 

fly cross wind it fol lows that our best strategy 

is to fly perpendicular to the wind direct ion 

until we have connected with the next c loud 

street (or thermal line, on blue days), then fo l -

low that for a bit downwind until we make the 

next j ump perpendicular to the w ind . Flying at 

any other angle between thermal lines increa-

ses the distance between them and therewith 

our risk of landing whi lst crossing the gap. 
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